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TWENTY-FIFTH ANNUAL REPORT OF THE
STATE _GEOLOGIST

Towa GEOLOGICAL SurvEy,
Des Mornes, Decemeer 31, 1916

To Governor George W. Clarke and Members of the Geological
Board:

GentLEMEN: The plans of the Towa Geological Survey which

- were approved by the Board for the field season of 1916 have

been carried forward successfully, and reports of the investi-
gations are now being prepared for publication.

The State Geologist directed the work of the Survey, with the
hearty co-operation of the Assistant State Geologist and the
other members of the geological corps to whom special problems
were assigned.

In the Administrative Report for 1915, reference was made
to some detailed studies of the glacial deposits of the state which
were being made by the Director and which gave promise of
having considerable significance in connection with the inter-
pretation of the complex history of the Pleistocene period.
Among these studies was the problem of the origin of gumbotil
whieh had been found on cach of the three oldest drifts of the
state. It can now be stated that both field and laboratory evi- -
dence indicate clearly that the gumbotils on Nebraskan, Kansan,
and Illinoian drifts are the result chiefly of the chemical
weathering of glacial till.

The Nebraskan gumbotil has been found in widely separated
localities in Jowa. Among the many counties in which it has
been studied are Decatur, Clarke, Warren, Madison, Union;
Ringgold, Taylor, Adams, Adair, Cass, Montgomery, Page,
Shelby, Crawford, Carroll, Tama, Humboldt, and Johnson coun-
ties. The topographic positions of the separate outcrops indi-
cate that the Nebraskan gumbotil was formed on an extensive
plain with slight relief. The maximum thickness of the Nebras-
kan gumbotil thus far studied is about 13 feet. :
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The Kansan gumbotil has the same relations to the underly-
ing Kansan till as the Nebraskan gumbotil has to the underlying
Nebraskan till. The Kansan gumbotil has a maximum thick-
ness of more than 20 feet and is limited to tabular divides and
other remnants of a gumbotil plain, which, before it was affected
by erosion, was as extensive, apparently, as the original Kansan
drift plain. This gumbotil occupies a definite topographic posi-
tion, and where it is exposed in railroad cuts it is seen to lie
horizontally in the cut and not to conform to the surface slopes
which have been developed by erosion. The Kansan gumbotil
has been seen at scores of places in southern Iowa and at many
places in other parts of the state; in fact, the Kansan gumbotil .
has been studied in every county of three tiers of counties in
southern Towa as well as in many of the counties which are
farther north. Moreover, within the Iowan drift area the Kan-
san gumbotil has been found beneath Iowan till at numerous
places. It will be of interest to state that the Kansan gumbotil
. is now known at a sufficient number of places in Towa to permit

the restoration of the Kansan gumbotil plain as it was in Towa
before erosion began.

The relations of the Illinoian gumbotil to the underlying
INlinoian drift are similar to the relations of Nebraskan and
Kansan gumbotils to their respective drifts.

A comprehensive paper entitled ‘‘The Origin of Gumbotil’”’
is now being prepared for publication by the State Geologist and

"Dr. J. N. Pearce of the department of Chemistry of the State
University of Iowa. Another paper, which will be published in
Volume XXVII of the Reports of the Survey, calls attention to
the fact that there are several large granite bowlders in the Kan-
san drift in southern Towa. The view which prevailed some years
ago among some geologists to the effect that large granite bowl-
ders are limited to the Towan drift is incorrect.

Again, a paper is being prepared with regard to the gravels
and related materials in the region about Afton Junction and
Thayer in Union county. These gravels are so well known to
students of Pleistocene geology, and their Aftonian age has been
so generally accepted, that one may well hesitate to state that a
restudy of these famous exposures and other exposures in the
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same region has revealed evidence which seems to justify fur-
ther discussion of the origin and relationship of these gravels,
and to warrant question being raised with regard to former in-
terpretations. '

Ever since the year 1895, when Dr. T. C. Chamberlin made
reference in Geikie’s Great Ice Age to the interesting character-
istics of -these gravels, and interpreted them to be kamelike
deposits closely associated with the drift upon which the gravels
lie and overlain by a later drift sheet, many glacial geologists
of America and of Europe have visited the locality. Some have
come merely to see the type sections of the two oldest drifts,
now known as the Nebraskan drift and the Kansan drift, separ-
ated by the gravels which years ago were named the Aftonian
interglacial gravels; others have come to study carefully the
characteristics of the drifts and gravels and their inter-relation-
ships. The most important contributions dealing with these
gravels and related deposits have been made by Chamberlin,
Bain, and Calvin.

The purpose of the paper which is being prepared is to show
that the gravels of Union county, which for so many years have
been called the Aftonian interglacial gravels, do not constitute a
distinctive stratigraphic horizon separating the Nebraskan' drift

from the Kansan drift, which is the generally accepted interpre-

tation, but that these gravels are lenses and irregularly shaped
masses of gravels within a single drift, the Kansan, or, if in two
drifts, the Nebraskan and the Kansan, it is not possible by means
of the gravels to differentiate the two drifts.

It will be shown, also, in this paper that, although the gravels
in the vicinity of Afton Junction and Thayer cannot be used to
establish the presence of two drifts, there is other evidence in
the region which makes it clear that the two oldest drift sheets
are present, and that they are separated in age by a very long
interglacial epoch. At several places near the village of Afton
and also west of Osceola about twenty miles east of Afton there
are fine outcrops of Nebraskan gumbotil, below which is Nebras-
kan drift, and above which is Kansan drift. Moreover, in Dodge
township, Union county, there is a splendid section of peat lying
on Nebraskan drift and overlain by Kansan drift. This peat
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bed was described years ago by Savage. The gumbotil and the
peat are now the significant evidence of Aftonian time.

If the interpretations here outlined are correct, the Aftonian
gravels of Union county have lost much of their former signifi-
cance, and the type sections, particularly the Grand river section,
can no longer be referred to as sections in which it is possible to
study the two oldest drift sheets separated by Aftonian gravels.

The Assistant State Geologist, Dr. James H. Lees, did special
work in several of the counties of the state, particularly in
Adams, Crawford, and Greene counties. In addition, he rendered
valuable service in editing Volume XXVI of the Reports of the
Survey, and in again taking charge of the exhibit of some of the
mineral products of Iowa at the State Fair. He has, moreover,
by correspondence and by personal visit, furnished information
to persons interested in the development of one or more phases
of the geology of our state.

Besides the Director and the Assistant State Geologist, the
corps employed in the regular work of the Survey during 1916
has been much the same as in previous years. Prof. John L.
Tilton and Prof. Bohumil Shimek did work in areal geology;
Dr. S. W. Beyer and assistants continued their investigations on
the clay resources of the state; Prof. W. H. Norton continued
to collect data regarding underground waters; Prof. A. O.
Thomas and Dr. F. M. Van Tuyl continued their studies on the
Devonian and Mississippian systems of rocks, respectively. Mr.
W. H. Schoewe made a detailed study of extinct Lake Calvin,
and Mr. A. J. Williams carried forward some studies on evi-
dences of glaciation in the Driftless area of Iowa; Prof. A. W.
Hixson did some work on the content and quality of the volatile,
combustible matter of Towa coals.

The Survey in 1916 continued to co-operate with the United
States Geological Survey in the work of stream gaging and dis-
charge measurements of the important streams of the state, in
the collecting of mineral statistics, and in the preparation of
topographic maps. )

Dr. John L. Tilton has submitted his manuscript on the geology
of Clarke and Cass counties, and has revised and re-written
parts of the manusecript of the late Dr. James Gow on the geology
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of Adair county. In addition, Doctor Tilton has been studying
in detail the Missouri stage of the Pennsylvanian of Iowa.
Among the most important results thus far achieved in this
‘study is the mapping of a fault in southwestern Iowa, to which
he has given the name Thurman-Wilson fault. A complete
description of the fault is given in his report of the gealogy of
Cass county in Volume XXVII of the Reports of the Survey.
The lgcation of this fault has, as pointed out by Doctor Tilton,
important economic bearings. It is now clear for the first time
why Nodaway coal found in the southern part of southwestern
Towa is not found also in the northern part of southwestern
Towa, except in a small area close to Thurman, Fremont county.
It was thought formerly that the fault at Thurman changed into
an anticline near Stennett, and if so there ought to be Nodaway
coal north of the anticline. It is now evident that it would be
unwise to prospect for the Nodaway coal seam north of the fault
line. Doctor Tilton shows, also, the effect of the fault on the pres-
ent distribution of the coal in the Des Moines stage of the Penn-
sylvanian series.

Dr. W. H. Norton has completed his investigations.on the
brecciated limestones of the Wapsipinicon stage of the Devonian
of Towa; his report will be published in Volume XXVII of the
Reports of the Survey. Doctor Norton has studied for several
years these most interesting rocks, and hence his discussion of
their characteristics and probable origin will be read with profit
by all students of the problem of brecciation in rocks.

Prof. A. O. Thomas has continued his studies of the pale-
ontology of the state. His investigations have had to do chiefly
with the life of the Silurian and the Devonian. In connection
with the Silurian he has been studying the abundant coral re-
mains found in the Niagaran rocks near Monticello, in Jones
county. At no other place in the world, with the exception of
the Island of Gotland in the Baltic Sea, are corals so well de-
veloped as at that one small area of Jowa. Associated with the
corals, Professor Thomas has discovered recently some speci-
mens of the rare crinoid, Herpetoerinus. This is the first known
occurrence of this genus from the Silurian of the state. In con-
nection with his studies of the Towa Devonian, Professor Thomas
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is preparing a paper on the echinodérms. The paper will bring
together the scattered literature on the crinoids and other echino-
dérms heretofore described, and will describe nearly twice as
many new species as had been described previously. Moreover,
the sea-urchin remains to be desecribed in the paper are the most
abundant and most striking of the sea-urchins from the Devonian
of the world.

The discovery of remains of Pleistocene mammals continues
to be reported from time to time from various parts of the state.
During the year, mammalian fossils have been found near Deni-
son, in the bed of Towa river at Marshalltown, near Harvey,
in a sand and gravel pit in the northwest part of Mason City,
in the bed of Skunk river about eight miles west of Keota, and
elsewhere. These remains consist chiefly of the teeth and limb
bones of the mammoth and mastodon.

Mr. W. H. Schoewe has been doing detailed field work in order
to map the shore lines and other features of Lake Calvin, an ex-
tinet glacial lake. Reference to this lake was made by J. A.
Udden in his report on the ‘‘Geology of Muscatine County,”’
published in Volume IX of the Reports of the Survey. Mr.
Schoewe has found that this lake when in existence covered parts
of Muscatine, Cedar, Johnson, Washington, and Louisa counties.
It covered an area of about 325 square miles and in places it had
a depth of probably 100 feet. The outlet of the lake was at Col-
umbus Junction. The report of Mr. Schoewe will be awaited
with great interest.

It is not surprising that interest continues with regard to
whether oil and gas will be found in commercial quantities in
Towa. Those persons who wish to know the attitude of the Sur-
vey on this subject should consult the administrative reports in
Volumes XXTIIT and XXV of the Reports of the Survey. During
recent years there has been considerable drilling for oil in Town,
thus far with no snecess. With regard to natural gas, it may be
of interest to state again that small amounts of gas have been
found in sand pockets in the drift; in fact, gas in the drift is
apparently somewhat widespread. Among the many counties in
Towa in which gas has been found in drift in wells being drilled
for water are the following: Boone, Decatur, Emmet, Fremont,
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Guthrie, Hamilton, Harrison, Johnson, Louisa, Polk, Scott, and
Taylor counties. - ’

Two bulletins of Natural History are nearing completion, one
by Dr. Bert H. Bailey on the Hawks and Owls. of Iowa, and the
other by Dr. Davton Stoner on the Rodents’' of the State. The
view which is prevalent among citizens of the state is that hawks
and owls and related birds of prey are detrimental to the agri-
cultural and other interests of the state and that, therefore, all
of them, without discrimination, should be destroyed. It is by
no means generally understood that these birds of prey are the
chief destroyers of rodents and insects, many of which are harm-
ful to erop production. The agriculturist should know that with
few exceptions hawks and owls, are not his foes but his friends,
and he should see to it that every effort is made to preserve
rather than destroy them. With regard to the rodents, it may
be stated that they are the most numerous and the most widely
distributed of all the orders of mammals, and since all of them
are either herbivorous or omnivorous in diet they are of con-
siderable importance to the agriculturist. Some of them are
harmful and some of them are helpful in relation to crop pro-
duction. It is necessary, therefore, that the farmer and gardener
be able to discriminate between those rodents which are his
friends and those which are his foes.

During the year 1916 the Survey co-operated, as in-former
years, with the United States Geological Survey in the prepara-
tion of statistics of mineral production in Iowa. The value of
the output for the year 1916 was $29,158,908, which is the high-
est figure of record for the state, and exceeds the value of the
output for 1915 by $2,095,958. Year by year for several years
the value of the mineral output of Iowa has increased. During
the three years previous to 1916 the values of the outputs were
-as follows: in 1913, $25,612,345; in 1914, $26,301,865; and in 1915,
$27,062,950; a decade ago, in 1907, the value of the output was
only $17,627,925. i

Coal continues to be the chief mineral produced in Iowa; clay
and clay products ranks second; cement ranks third, and gyp-
sum fourth. In 1916 these four products had a value of $27,-
466,541, which is more than 94 per cent of the total value of all
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the mineral products: In 1916 the value at the mine of the out-
put of coal was $13,530,383; in 1915 the value was somewhat
more, $13,577,608. The total tonnage of coal mined in' 1916 was
7,260,300, compared with a tonnage of 7,614,143 in 1915. The
five leading coal producing counties in 1916, in order of tonnage,
were Monroe, Polk, Appanoose, Lucas and Dallas counties;
then followed Marion, Wapello, and Jasper counties. The aver-
age number of men employved in coal mining in Iowa in 1916 was
14,443.

The value of clay and clay produects in 1916 was $7,375,716,
a figure which has never been exceeded in the history of the clay
industry in the state. The values of the clay produects in the three
chief clay producing counties were as follows: Cerro Gordo
county, $1,943,530, Webster county, $1,332,411, and Polk county
$971,911. Towa’s production in drainage tile alone in: 1916 had a
value of $3,986,163; in 1915 the value was $3,802,579.

In 1916 the three cement plants of Iowa, two of which are at
Mason City, the third at Des Moines, produced cement to the
value of $5,063,647, which is the record value for the state. A
fourth plant, located at Gilmore City, Pocahontas county, will
soon begin to operate. Additional cement plants should be erect-
ed in Towa during the next few years in order that the demands
of a cement age may be adequately met. When Iowa begins
permanent road construction, immense amounts of cement will
be required for this purpose alone. It is indeed fortunate that
within the borders of Iowa there are almost unlimited supplies of
materials which can be used in making a high grade Portland
‘cement,

The value of sand and grav-el in 1916 was $980,272, of stone
and lime, $610,534, and of mineral waters, $14,404.

Jowa continues to be an important producer of gypsum. At
present the entire output of the state comes from Webster coun-
ty, but it is hoped that before many years the gypsum deposits
at Centerville may be developed also. The report of Dr. Frank
A. Wilder én the gypsum deposits of the state is not yet ready
for publication. When completed it will prove to be of great
value to all persons interested in the gypsum industry.
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It is of interest to state that in 1916 the Missouri Iron Com-
pany began to ship ore from Iron Hill, which is about two and
one-half miles northeast of Waukon, Allamakee county. The
general characters of this ore, the method of treatment, and
other features, are described fully in Volume XXV, pages 33 to
92, of the Reports of the Iowa Geological Survey.

I take pleasure in submitting to you the following papers, and
recommend that they be published as Volume XXVII, which is
the Twenty-Fifth Annual Report of the Iowa Geological Survey:

Mineral Production in Iowa in 1916, by George F. Kay.

The Geology of Ringgold County, by Melvin F. Arey.

The Geology of Taylor County, by Melvin F. Arey.

The Geology of Clarke County, by John L. Tilton.

The Geology of Cass County, by John L. Tilton. :

The Geology of Adair County, by James E. Gow and John
L. Tilton. ‘ . .

Some Large Bowlders of the Kansan Drift of Southern Iowa,
by George F. Kay.

The Wapsipinicon Breccias of Iowa, by William H. Norton.

Respectfully submitted,
Geo. F. Kav.
State Geologist.






GEOLOGY OF RINGGOLD COUNTY

BY

MELVIN F. AREY







CONTENTS

Page

Introduction .....o..uiiii e e 37
Location and Area ................coiiiiiiiiiinninn. e he e 37
Previous Geological Work. . ........veitiitiinn e e e 37
PRy S oAy .ot e 38
B 0] ¢ 0= -5 4) 1 38
Altitudes ... ... ... i, et 43
Drainage ..ottt i e e e e e 44
Introductory ... e e " a4

The Platte River .................. PN 4%

The Grand River System . ...... ..ottt ineennans 45
Stratigraphy .......coiiiiii i e e ere e 46
Synoptical Table of Formations.............. PN 7
Carboniferous System ......... .ot .. 4T
Pennsylvanian Series ...........ceiiiiiiiiiiiiii i 47

MiSSOUri Stage ......cvvviiiiiiin i i i e 47

’ Kansas City Division.................. iiviieennn 7
‘Westerville Limestone, etc........... e 48

QUAternary SYSteml ........eeeeeerierennerneeeieennen teennrnnses 49
Pleistocene Series ..........civiiiierrrnennnnennen [ 49

Nebraskan Stage .......vvivvienenrnennnnens e 50

Aftonian Interval .......... e vee. B2

Kansan StaBe ... .vvtirit ittt iteererean i 53

Gumbotil ....... ... i Ciee e e 53

BT N 56

ReCent Series ...uviiiitiinr i it en et ceaaaaas 57

7N L £ o' 57

Economic Products and Problems. ... c.outnretrrenriiiiienerannenssnes 58
Soils ..., e v 58
(0722 T 59
Sand, Gravel and Bowlders..............ouriiiiiinirnnannmnenensens 59

B R = S 1 ¢} o) 22 P 60
Wells, efc. ..o 60

[0 3 e e e e 61

0T o110 2 62
Acknowledgments ... ... e e e e e, 64

(35)






GEOLOGY OF RINGGOLD COUNTY

INTRODUCTION _

LOCATION AND AREA.

This county received its name in honor of a gallant young offi-
cer who lost his life at the battle of Palo Alto in the Mexican war,
the memories of which were still fresh in the mind of the public
at the time of the organization of the county in 1851. It is in
the fourth tier of counties east of Missouri river along the
Missouri border. It has Decatur county upon its eastern bound-
ary, Taylor on the west and Union on the north. Twelve of its
civil townships are exact equivalents of the corresponding eon-
gressional townships, but the four townships upon the south line
are fractional. Sections 31, 32, 33,34, 35 and 36 in each are
entirely wanting and seections 25, 26, 27, 28, 29 and 30 lack a
little more than one-fourth of a full area in Riley and Lots Creek
townships and just about one-fourth in Middle Fork and Clinton
townships. The slightly southward trend of the south boundary
of the state in all the counties east of Ringgold ceases about mid-
way of this county and thenceforward the boundary line pursues
a due west course. The area of the county is therefore very
nearly 542 miles,

PREVIOUS GEOLOGICAL WORK.

Ringgold was one of the fourteen counties in the southwestern
part of the state whose geology received special attention by
White* in his first volume. As but two minor outerops of
indurated rock were found, the three pages devoted to this
county were mostly given to the character of the surface and the
drainage. The great thickness of the drift and the deep drift-
valleys through which the streams flow were particularly noted.
These were regarded by White as ‘‘the deepest and largest
purely drift valleys in the State”’, ‘‘being from one hundred fifty
feet to more than two hundred feet deep, from the general level
" iGeology of Towa, Charles A. White, M. D., Vol. I, pp. 328-330, 1870,

137)
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of the uplands of the county.”” Other mention of the county is
confined to brief comments on the prospect of coal within its
limits in volumes II and XIX of the present series of reports of
the Survey and to annyal tabulated statements concerning clay
products in the same series.

PHYSIOGRAPHY
Topography

Simple as is the topography of many lowa counties, it is
doubtful if any one of them presents less complexity in its topo-
graphic details than does Ringgold county. The present surface
configuration is the resultant of Pleistocene agencies. Such is the
thickness of the drift deposits in all parts of the county that,
whatever irregularities of surface may have been developed in
the later Carboniferous formations during the period of their ex-
posure to meteoric agencies, they contributed almost nothing
to the existing topography beyond affording a substantial foun-
dation for the heavy mass of glacial debris that rests upon them.
The only decisive ground for qualifying the above statement
exists in the valley of Thompsons Fork of Grand river whiech
crosses the extreme northeast corner of the county. Here the
river has cut through the drift and well into the Bethany lime-
stone. It is true, however, that all this might have been accom-
plished under exceptional conditions within the limits of post-
glacial time and so far as anything in this valley within the
county is concerned there is insufficient evidence to warrant a
conclusion that it did not so occur. But Bain® who studied the
channel of this river throughout its ¢ourse in Decatur county
and, doubtless northward into Union county, finds apparently
conclusive reasons for regarding that part of the valley of
Thompsons Fork of Grand river which is south of Afton June-
tion as preglacial.

The following are the reasons given by him for his conclusions :

“1. The Kansan drift is found undisturbed in this valley. o

2. The size of the valley and the fact that much of it is cut in rock.

3. The distribution and character of its tributary drainage lines.

4. The advanced stage of the meander and rock cutting that has pro-
duced tbe great bend in the river in the northwest portion of Burrell
township, Decatur county.”

2Jowa Geol. Survey, Vol. VIII, p. 264, 1897.
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The rock exposures in the valley of the East Fork of the
Grand in sections 20 and 30, Lots Creek township, may be indic-
ative of the preglacial existence of a channel there, but since
this stream just above these localities and between them is still
bedded in the drift, though very near its lower limit, it is much
more probable that the channel of this river has been excavated
wholly within post-Kansan time.

The larger streams have cut the original drift plain into
approximately equal parallel blocks with a north and south
trend and these in turn have been subdivided at their southern
ends into similar smaller blocks by tributaries which make their
junction with the larger streams beyond the limits of the county
and state. Tributaries which lie wholly within the county have
made numerous smaller triangular or subquadrangular lobes.
Minor intermittent streams have continued the dissection almost
indefinitely, until only relatively small areas of the original flat
Kansan plain remain intact and those are confined almost wholly
to the divides of the larger streams and especially in the north-
ern half of the county.

Davis, Wayne and Ringgold counties have relatively small
water courses which rise within their border, or but a short dis-
tance beyond, while the alternate counties Van Buren, Appanoose
and Decatur, are traversed respectively by Des Moines and
Chariton rivers and Thompsons Fork, with the results that the
great drift plain common to them all has been modified in the
later named counties in a much more pronounced way than in the
first named. Broad undisturbed stretches of the flat Kansan
plain constitute a prominent characteristic of the south two-
thirds of Davis county. In Wayne county they are less notice-
able, though still a marked feature of the landscape, while in
Ringgold county they are to be remarked upon rather from their
absence or diminution in size than from their occurrence. These
areas are not only unmarked by stream channels, but are also
wholly without the wide low sags that characterize the com-
paratively level stretches that occur in some parts of the regions
of the Towan drift.

The larger stream beds lie two hundred feet or more below
the general level of the drift plain and where several streams.
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are in somewhat close proximity the country is exceptionally rug-
ged. Such a locality is in the northeastern part of Union town-
ship where Saud creek parallels Thompsons Fork a mile or so
away and some of its own tributaries come down to it from the
southwest. Au exceptionally rugged topography has developed

e — - = T

F16. 1.—Erosional topography in Monroe township, Ringgold county.

among the upper forks of a small tributary of Thompson Fork
in the eastern part of Monroe township. This unusual condition

I'tc. 2.—Erosional topography shown in section 30, Athens township, Ringgold county.
Belongs at right of figure 5.
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among the minor branches near the headwaters of the streams
is readily explained. Ordinarily the headwater streams are
quite remote from the base levels at their junction with the mas-
ter stream; thus their gradient is low and consequently their
erosive effects are rather moderate near their sources. In the
case of Holl Run, cited above, the descent to Thompsons Fork is
made within nine or ten miles. With the consequent high grad-
ient all the branches become raging torrents with every consider-
able rainstorm and the results of their ravages are manifest up
to their very beginnings. Such streams make headward erosive
progress rapidly and not unfrequently invade the drainage areas
of other less precipitous streams, capturing their tributaries and
thus still further increasing their own efficiency as agents of
erosion. Figure 2 is an example of this process.

A section through the drift block between two large neighbor
streams in the south part of the county would be represented

A £ D
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F16. 3.—An ideal section through a drift block between two large streams in the
southern part of Ringgold county.

ideally by the following diagram, figure 3, in which A and B
locate the large streams, C, D and E locate the tributaries.
The contour line is nowhere twice the same, of course,
The altitude of the stream beds increases towards the north and
consequently the height of the intervening ridge diminishes,
while the number of the ridges usually increases sinee the blocks
are subdissected by an increasing number of minor tributaries
toward the headwaters of the main streams. A typical example
of these blocks may be seen south of Maloy between the Platte
and the West Fork of the Grand.

The flat Kansan areas (or tabular divides as they are called
by Kay and others) already alluded to are found just beyond the
sources of the headwater streams as in the south of Athens and
the north of Riley townships, where there is an area not yet
invaded by the initial streams of West Big creek, also in the sec-
tions of Athens township immediately south and west of Keller-
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ton into which the head streams of East Big creek have failed as
yet to penetrate. A similar region may also be cited about
Tingley and beyond Lots Creek, south of Elston.

5
|
[
|
|
|

Fic. 4.—Portion of a tabular divide in section 21, Athens township, Ringgold county.

A region representative of an intermediate type of topography
may be found south of Mount Ayr towards the Wast Fork of
Grand river. It suggests an exaggerated Iowan drift topog-

Fic. 3.—Erosional topography in section 30 of Athens township, Ringgold county.
This view belongs at the Jeft of figure 2.
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raphy, a billowy surface, wherein irregularity is the rule, the
trend, size and form of the ridges and hills varying indefinitely.
From the top of even the highest hills the view is much restricted
excepting where a stream valley chances to be in the line of
vision.

In the southern part of the county most of the divides and
hill crests are narrow, while towards the north they tend to
widen and flatten. The Chieago, Burlington and Quincy rail-
road southwest of Mount Ayr follows the divide between ‘the
West Fork of the Grand and the Middle Grand. On both sides
of the road the surface gently slopes away to the valleys beyond
in a manner quite unique for this region.

Another intermediate type approaches the flat Kansan areas
in general aspects, differing in having a moderately broken or
dissected surface. The drainage and soil are good and but little
or no waste land occurs. This phase may be found adjoining
the flat Kansan areas and also in localities whose conditions
approximate those of the flat Kansan.

The only remaining topographic phase is that of the river
valley. The Platte, perhaps, affords the finest illustration of
a river plain to be found within the county. It is compara-
tively wide and lies high enough to be safely cropped in ordinary
seasons, at least. “Some of the rivers either have no river plains
or have them only at intervals along their courses.

ALTITUDES.

The following table gives the altitudes of points within the
county, or just over its border in adjacent counties, as given in
Gannett’s Dictionary of Altitudes, Bulletin 274 of the U. S.
(teological Survey.

LOCALITY ALTITUDE AUTHORITY
Beaconsfield .............. 1209 ... ... C. B. & Q. R. R.
Benton ................... 1059 ...l C. G. W. R. R.
Blockton, Taylor county....1081 ................ C. G. W. R, R.
Clearfield, Taylor county...1250 ................ C. B. & Q R. R.
Delphos .............. ..., 1140 ... ..., C. B. & Q. R. R.
Diagonal ................. 1089 ..., C. G. W. R. R,
Ellston ................... 1214 ...l C. B. & Q. R. R.
Goshen ................... 1180 ..o C. B. & Q R. R.
Kew ..oviiiiiiiiiin L1109 L C. B. & Q. R. R.
Kellerton ................. 1197 o, C. B. & Q. R. R.
Knowlton ................. 1102 ..., C. G. W. R. R.
Maloy ......c.coviviininnn. 1120 ... o, C. G. W. R. R.
Mount Ayr ............... 1232 ...l C. B. & Q. R. R.
Redding .................. 1130 ..o C. B. & Q. R. R.
Shannon City, Union countylld4 ......... PRI C. G. W_R. R.
Tingley ... 1151 ... C. B. & Q. R.



44 GEOLOGY OF RINGGOLD COUNTY

The points of maximum altitude in the county are on the up-
lands along the north border of Lincoln and Tingley townships
and must be about 1,260 feet above sea level. The lowest point
is probably in the valley of Thompsons Fork of Grand river in
the northeast corner of the county and is estimated at about
1,020 feet above sea level, making a difference between these
extremes of 240 feet, which is quite in accord with the observed -
depth of the larger river valleys below the adjoining upland
levels, where the difference ranges from 150 to 200 feet.

Drainage

The entire surface of Ringgold is covered heavily with drift
debris which, superficially at least, is represented by the Kansan,
by far the oldest of the drift sheets that are exposed over any
cousiderable portion of the state. The time since the Kansan
was laid down may better be reckoned in milleniums than in
centuries. The drainage of the county therefore has had ample
time in which to develop and, since for two hundred feet or more
in vertical extent there is no indurated rock to interpose the
slightest obstacle, as complete a system of drainage has been
developed as can be found anywhere in the state excepting pos-
sibly in the driftless area. Bogs or true swamps are unknown.
An occasional small patch that is somewhat saturated with water
for a part of the year may be found, perchance, but it scarcely
amounts to a disadvantage to the owner of the land. Indeed,
the sole disadvantage lies in the fact that in perfecting the sys-
tem of drainage, the ever active and efficient agents of erosion
have cut the channels too deep by far.

The drainage of Ringgold is effected by Platte river and the
Grand river system. The Platte is the largest stream that has
any considerable part of its course within the county. Its head-
waters are in the northern part of Union county. About ninety
square miles in Lincoln, Grant and Benton townships of Ring-
gold are drained by it. After nearly paralleling the course of
the West Fork for sixteen miles or more it swerves to the west
and enters Taylor county from section 31 of Benton township.
It is a quiet stream and along the lower half, at least, of its
course in Ringgold county there is a fine alluvial flat of moderate
width. It has a series of short, pinnately arranged branches
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upon the west side, but leaves the drainage upon the east to the
West Fork with a single exception in Lincoln township.

Grand river is a tributary of the Missouri and in extent
of its basin is comparable with the Cedar-Iowa system as two to
three. In Iowa- its basin comprises in whole or in part the
counties of Wayne, Decatur, Ringgold, Clarke, Union and Adair. °
Its tributaries with one exception are from the north and have
their rise in Iowa. The West Fork may well be regarded as
the main stream to which all the rest are tributary as it takes
its course southeastward to its master stream.

It may be pertinent to say something here about the confusion
in the names of some of the rivers in southwestern ITowa and
which is experienced specially in dealing with the various ele-
ments of the Grand.” In this part of the state more than
elsewhere the rivers have a tendency to branch dichotomously,
a method that in many cases gives little distinetion in size to the
branches. Hence the branches are usually called forks and
when they in turn divide, their divisions are called forks. Since
the courses of all these streams are southward, the terms Kast
and West Forks are very common designations for these second-
ary as well as for the primary branches, to the utter confusion
of the stranger, if not of the resident. Then, too, as the long
expression, such as Thompsons Fork of the Grand, is too cum-
bersome for daily use, 1t is abbreviated by dropping the terminal
prepositional phrase or the initial descriptive part. Thus
Thompsons Fork of the Grand is known in Towa as the Grand.
When a stream is known as the East Fork, or the West Fork,
the stranger is left to wonder to what system the stream belongs.

Named in order from west to east the members of the Grand
river system in Ringgold that independently cross its south bor-
der are West Fork, Middle Fork, Fletchrell branch, East Fork,
Lots creek, West and East Big creeks. So far as they maintaiu
their individuality, their courses are practically parallel. Their
drainage basins with one exception are very narrow, scarcely
averaging five miles. Most of them are bordered with trees
below the point where their initial branches have united to form
a perennial watercourse. Their tributarics are small as a rule
and principally from the west side excepting in the case of the
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West Fork. Bedded in the drift as they are they are muddy
streams upon the slightest provocation.

Next to the Platte ranks the West Fork which we have already
said should be regarded as the main line of the Grand. It rises
in Union county and has in Ringgold a drainage area of about
one hundred and seventy-five square miles, more than double
that of any other stream except the Platte.

‘While most of its tributaries are small, Plum creek upon the
west in Jefferson township and Squaw, Crooked and Walnut
creeks upon the east are relatively large. Its basin has a maxi-
mum width of nearly twelve miles,

The headwaters of East Fork also are in Union county. Its
course is quite direct. The branches that enter it within Ring-
gold county are few, but above the average in size. Fletchrell
branch and Middle Fork become tributary beyond the state line.
Middle Fork drains the territory southwest of Mount Ayr. The
eastern border townships are in large part drained by the East
and West Forks of Big creek and by Lots creek, all of which form
a junction at a short distance beyond the state line. Grand
river, or more exactly Thompsons Fork of the Grand, which in
its passage from Union to Decatur county leaves merely a few
acres of Ringgold county upon its eastern side, effects the drain-
age of about thirty-six square miles in Union and Monroe
townships through its tributaries, Sand and Elk creeks.

STRATIGRAPHY

‘While Paleozoic formations are to be observed in but three
small exposures within the county, there can be no question as
to the series or stage to which the deposits immediately under-
lying the drift should be referred. In the first place Ringgold
lies in the very midst of the area of the Missouri stage of the
Pennsylvanian series. Then, too, the rocks of all the exposurcs
in their own character as well as through the fossils which they
bear testify unequivocally of the time in which they were laid
down. Equally clear is the evidence that the superficial drift
throughout the county belongs to the Kansan stage. The follow-
ing table shows the relation of the various elements of the stra-
tigraphy of the county.
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TABLE OF FORMATIONS

CHARACTER OF
GRrovuP SYSTEM SERIES STAGE

RoOCKS
Recent : }Alluvium
Loess
Cenozoie Quaternary Yarmouth Gumbotil (Kan-
san)
Pleistocene Kansan Bowlder Clay
Aftonian Sand, gravel,

plant remains
Bowlder clay,

Nebraskan bluish gray
Paleozoic Carboniferous |Pennsylvanian [Missouri .
Kansas City |Limestone
Division

THE CARBONIFEROUS

Since the Carboniferous is almost universally deeply buried
beneath the drift and since its uppermost formations belong to
that portion of the system that is barren of coal, little interest
economically or scientifically attaches to the oldest accessible
rocks within the bounds of the county.

Pennsylvanian Series
MISSOURI STAGE.

Kansas City Diwviston.—Neighboring counties, chiefly on the
north and east, have numerous exposures of shales intermingled
with which are several more or less important beds of limestone
which by reason of their greater hardness have a prominence
quite out of proportion to their thickness as compared with the
shale beds. Sandstones occur, though they are but few. This
entire aggregation of strata is a part of the Kansas City division
and constitutes the basal portion of the Missouri stage®. In
Keyes’ general section of the Missouri in Iowa as published in
Volume VII of the Proceedings of the Iowa Academy of Science,
a thickness of 100 feet has been assigned to the Kansas City beds
in Towa. The report on Decatur* and Madison® counties pre-
sent valuable contributions to our knowledge of the Kansas City
division in the state. The exposures are quite numerous and
are so distributed and related as to make the differentiation and
Tthereport on Clarke county, this volume, page 117.

+Bain, Jowa Geol. Survey, Vol. VIII, 1897.
5Tilton and Bain, Jowa Geol. Survey, Vol. VII, 1896.



48 GEOLOGY OF RINGGOLD COUNTY

correlation of the several beds of the lowest portion of this
division quite satisfactory.

The series of limestones belonging to the Kansas City division
have been known by the following names.

The Westerville

The De Kalb (Fusulina)

The Winterset
~ The Bethany Falls (Earlham)®

The Hertha (Fragmental) ' :

Thie Hertha is basal. Kach of these substages usually consists
of one heavy bed and one or more thin beds of limestone separ-
ated by shale beds of varying thickness and each separated from
the other by heavy beds of shales with an occasional sandstone
bed. Fossils abound in both the limestone and the shales in
most localities. z

Along Grand river (Thompsons Fork of the Grand, more .
exactly) in Union county, and near Westerville in Decatur
county on Sand creek not far from its junction with Thompsons
Fork, are found beds of limestone which Bain has called the
Westerville limestone and which lie not far from the upper limits
. of the Kansas City division.

In section 1, Union township, Ringgold county, which is cut
by Thompsons Fork] there is an exposure of shales and lime-
stones along the south bank which belong undoubtedly to the
Westerville limestone. ‘A portion of the exposure was covered
with drift debris washed from the steep bluffside above. A very
imperfect section is given below.

*3. An earthy blue limestone, fossiliferous and having the upper
3 or 4 inches very hard and separated from the softer lower
portion by a very thin band of shale. The full thickness not
determined.

2. A blue-gray nodular limestone, the nodular masses quite va-
riable in size and in some cases in concentric layers; non-
. fossiliferous.
1. A dark blue fissile shale, 18 inches above the water’s edge, the
river being quite low at the time of observation.

The fossils observed in No. 3 were Fusulina, abundant only in
places, Rhombopora sp. and several other Bryozoa, a Productus

¢Tilton, John Y., The Proper Use of the Geological Name “Bethany’: Proc. JTowa
Acad. Science, Vol. XX, pp. 207-311, 1913,
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sp., Rlipidomella pecost, Chonetes sp., and fragments of small
crinoid stems.

A yellowish limestone, somewhat crystalline and thin bedded,
occurs along the creek in section 20, Lots Creek township. Fus-
ulina, Bryozoa and Brachiopoda fragments largely make up this
stone. It is hard and has been used sparingly for foundations
by the farmers in the vicinity.

In section 19, Lots Creek township, a similar rock was found.
Some layers were much more crystalline, but less fossiliferous.
The stone of these outerops might be serviceable for foundations,
ete., were it not that it would require extensive stripping of the
overlying drift.

QUATERNARY SYSTEM
Pleistocene Series

Mantle rock practically everywhere covers the county. Its
maximum depth is upwards of 280 feet, a little more than that
Laving been penetrated in the Lewis Myers well in Athens town-
ship. Tt is probable that the basal part of this belongs to the
Pennsylvanian series and that the driller did not carefully dis-
tinguish some of the upper shales and clays of the Missouri
formation of that series. Along the immediate banks of the
East Fork in Lots Creek township the thickness of the drift is
reduced to a few feet. In fact in two places a brokeén limestone
is exposed. The thickness of the glacial deposits over the up-
land regions averages about 200 feet, if we may judge from the
few instances where the drift has been fully penetrated, as well
as from the differences in altitudes of the deeper valleys and of
the higher ridges. The great thickness of the drift deposits to-
gether with the fact that many thousands of years have inter-
vened since the disappearance of the Kansan glacier, the later of
the two ice sheets that left their debris over the area of the
county, accounts for the unusually rugged topography of large
portions of the county. These factors account also for the
accompanying phenomena which are manifest everywhere and
which are due immediately to the activity of the various weath-
ering agents, included in which phenomena mention may be made

of alluvial soils, sand and gravel deposits both superficial and
4
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interglacial, reddened and yellowed beds of drift, lime concre-
tions, decadent rock fragments, soil beds, ete.

THE NEBRASKAN STAGE.

Before geologists had directed their attention to the careful
and thorough investigation of the abundant drift material found
almost everywhere in the northern part of the United States, the
Kansan was believed to be the oldest as well as the most exten-
sive drift sheet, at least in the middle west. A more intensive
study soon made it evident that a further differentiation must
be made to meet the requirements of the accumulating data.
The heavy deposits in the southern part of Towa, for instance,
that had been regarded as the product of a single ice sheet gave
evidence of having been laid down at two different times. This
evidence came from the character of the deposits themselves as
well as from the presence of more or less stratified sands and
gravels, of vegetal matter and of other interglacial phenomena
in the midst of the drift deposits. Today there is practically
unanimous agreement among geologists as to the existence of
two distinet drift sheets where but one, the Kansan, had been
recognized at first. The upper of these has retained the name
Kansan. The lower has been known as the Jerseyan, the Al-
bertan, the pre-Kansan, the sub-Aftonian and the Nebraskan.
The last name has been suggested by Shimek as suitable and
more in accord with the names of the other drift epochs, espe-
cially as the other terms are unsatisfactory for various reasons.

The distinctive features of the Kansan have been given so
often that they need not be given here. Those of the Nebraskan
as given by Shimek will bear quotation. ¢ Throughout the west-
ern and southwestern parts of Towa and southeastern Nebraska
there are exposures of a dark blue-black drift which, as far as
could be ascertained, rests directly upon the older rocks ot the
region. It consists chiefly of a dark, blue-black joint clay, some-
times more or less ferruginous, which when dry is hard and
brittle and breaks up into very small angular blocks, resembling
lumps- of ordinary starch as has been suggested. It is almost
impervious to water and when wet is very tough, tenacious, rub-
ber-like and so difficult to work that it is the abomination of
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well-diggers and road makers, being the most despised of the
fgumbos’. -

Scattered through this joint clay are relatively few, usually
dark colored, pebbles and small bowlders (larger bowlders are
very rare) which frequently show sharp angles and fractures,
or distinctly planed, striated faces, demonstrating that this is a
true drift.””” ‘

Other observers doubtless have found variations in the char-

acteristics of the Nebraskan, as might be expected, but will agree
in the main with the above description.

The grounds for the conviction that the Nebraskan occurs in
Ringgold county are as follows: The known occurrence of the
Nebraskan in Union and other neighboring counties and the
almost inevitable necessity of the existence of like conditions
in this county at the time the Nebraskan drift was laid down in
these other counties; thé evidence from the deeper wells; the
occurrence of materials definitely referable to the Aftonian,
below which are found in a few instances a till meeting the de-
scription by Shimek quoted above.

It is unfortunate that the available records of deep wells are
so few and unsatisfactory. That they are so is easily to be
accounted for, since water is looked for in the upper part of the
drift and little interest is taken by the driller in its variations
beyond recognizing them simply as sand, gravel, clay, etec. How-
ever, such as they are, some deep wells give warrant for regard-
ing them as testifying to the existence of a drift sheet below the
Kansan and ‘distinet from it.

Then, too, it has long been understood that coal cannot be
found in workable gquantities in Ringgold county except at such
depths as to preclude its profitable mining under existing condi-
tions, so prospectors have done nothing that helps the geologist
in solving his problems concerning the deeper Pleistocene de-
posits. Recent cuts, natural or artificial, rarely extend more
than a few feet below the surface. Indeed so far as the writer’s
experience goes few, if any, counties of the state afford so little
that is directly and positively helpful in determining the nature
and relations of the materials constituting the basal part of the
" "lowa Geol. Surv., Vol. XX, pp. 304-307.
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mantle rock and so in differentiating it from the upper portions.

There are, however, exposures- of till that are found near the
rock exposures in Lots Creek township which are unquestionably
Nebraskan. One of these is a short distance south of Watter-
son. Others are found on the east and west road in section 20.
It is likely that wherever in the south half of the county the
mantle rock is thin, it is Nebraskan, though weathering has ren-
dered it difficult of recognition by any distinctive features.
Where Thompsons Fork of the Grand cuts the northeast corner
of the county the bluffside gives in part a section as follows:

,FEET
5. A gray loesslike clay.......:...coiiiiiiiiiin i, 2- 3
4. A dark gi-ay till, slightly ferruginous above and almost
pebbleless ......... ... . i, e 15
3. A well reddened gravel...........cciniieirenrninnnnnnn. 10

2. A bluegray till ....... .. .o e
1. Till much obscured by wash from above, but doubtless a
continuation of No. 2. 1 and 2 together............... 12-15

It would seem that 1 and 2 are Nebraskan, No. 3 is Aftonian
and Nos. 4 and 5 are Kansan, though the thickness seems slight.

THE AFTONIAN INTERGLACIAL STAGE.

‘While in some places the Kansan rests directly upon the Ne-
braskan with little to indicate exactly where the line of division
between the two is, if indeed material from both is not indiserim-
inately mingled, in many places sand and gravel beds make a
distinet plane of separation, more or less continuous. Soil and
forest beds and various vegetal remains not only emphasize this
line of division but show that there must have been a long time
interval as well. The upper part of the Nebraskan is weathered
manifestly in some cases though the passage of the Kansan ice
in places removed all traces of this part of the Nebraskan or
thoroughly mixed it with its own debris.

Inquiries concerning upland wells in Ringgold county re-
vealed the fact that the great majority of them end in sand or
gravel at a surprisingly uniform altitude, differences in surface
elevation being taken into consideration. All over the county
the depths of these wells were reported to be from 30 to 80 feet.
Just above these sand or gravel beds logs and other plant re-
mains have been reported in several instances. It is not un-
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likely that the old surface of the Nebraskan was eroded some-
what and this accounts in part for the varying depth of these
wells,

It is concluded theréfore that Ringgold county adds its testi-
mony to the current belief among Pleistocene geologists that
there was a notable interval of time between the two oldest gla-
cial epochs,

THE KANSAN STAGE.

The melting of the Kansan ice sheet left its burden of incoher-
ent material spread out over the county as an extended plain
sloping southward. Only remnants of the original plain are to
be found today. Its surface has been widely and deeply. dissect-
ed and its superficial composition has been variously modified
by weathering during the long period of time since it was laid
down. Good illustrations of tabular divides, as these remnants
are called, may be seen in Athens, Monroe and Tingley town-
ships. In fact every township has representatives of the orig-
inal Kansan surface undisturbed topographically, though in this
county they are of meager extent as compared with those in the
more eastern counties, among which Davis county is specially to
. be noted. Since the characteristics of the Kansan have been
written up by’ so many on account of its wide extent and the
interest it has always commanded and since it presents no unus-
ual features in Ringgold county, it is not deemed necessary to
discuss it further here.

GUMBOTIL.

The term gumbo has been applied popularly and by the earlier
students of the Pleistocene to certain dense impervious clays,
usually varying in color from gray to nearly black, very tough
and sticky when saturated with water, but somewhat tractable
when dry, and this term has been applied to clays under a great
variety of conditions and relationships. For many years it re-
ceived little serious consideration from geologists, who simply
regarded it as being one of the many variations of clay and
having no value in the record of changes that took place in the
history of the Pleistocene. In recent years it has awakened the
interest of some who have speculated as to its origin and rela-
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tions without, however, pronounced satisfactory conclusions.
Very recently Kay, believing that the time had come to thor-
oughly study the problem, has evolved a theory that very
satisfactorily accounts for the character and relations of the
gumbo of the Kansan tabular divides as well as of a gumbo that
occurs in similar relations to the Nebraskan and the Illinoian.

A brief statement of that theory is pertinent here. After the
retreat of the Kansan ice there was left as a result of its invasion
an extensive drift plain with a gentle slope®. ‘‘This drift plain
'~ was so situated topographically that weathering agents were
very effective but erosion was slight. As a result of the weath-
ering during an exceedingly long time a grayish, tenacious, thor-
oughly leached joint clay, which has been named gumbo, was
developed to a thickness varying from about fifteen feet to
twenty feet or more. This gumbo contains only a few pebbles,
which are almost wholly siliceous, and grades down into yellow-
ish and chocolate colored Kansan drift from three to seven feet
in thickness, in many places with numerous pebbles, few, if any,
of which are calcareous. This drift, in turn, merges into un-
leached drift, oxidized yellowish for several feet; below which
is the normal unleached and unoxidized dark-grayish to bluish-
black Kansan drift. The gumbo is believed, therefore, to be
essentially the result of the thorough chemical weathering of
the Kansan drift, but subordinately, other factors, such as the -
wind, freezing and thawing, burrowing of animals, ete., have
undoubtedly contributed to its formation.”

“ After the gumbo plain had been developed by Weathermg
processes from the Kansan drift plain, diastrophic movements
seem to have occurred, the plain having been elevated to such an
extent that erosion became effective, and valleys began to be cut
into the gumbo plain. FErosion of the gumbo plain progressed
to such an extent that some valleys were cut to a depth of more
than a hundred and fifty feet before grade was reached, and a
mature topography was developed. Only remnants of the orig-
inal gumbo plain- remain, the most conspicuous of these being
flat, poorly drained areas, known as tabular divides. Such
divides are more prevalent east of a line drawn north and south
" sKay, George F., Bull. Geol. Soc. America, Vol. 27, pp. 115-117.



GUMBOTIL 66

through south-central Towa than west of such a line, In the
southwestern part of the state, the gumbo is found only where
the divides, which are no longer distinctly tabular, retain the
level of the former gumbo plain.’’

It has been announced that detailed chemical analyses of
gumbo which have been made in the chemical laboratory of the
University of Towa by Dr. J. N. Pearce strengthen the interpre- -
tations given above from the field evidence,

The theory of Kay as set forth above accounts well for a class
of phenomena observed by the writer in Ringgold and other -
counties in_southern Iowa, though his observations had been
made before the statements quoted had been seen. The writer
regards the theory as a distinet and valuable contribution to the
settlement of one of the problems that have been attracting more
and more the attention of Pleistocene geologists.

Kay also suggests that in place of the term gumbo which has
always had a loose and indefinite application the term ¢‘gumbo-
til’’ be given to the superdrift clays under consideration. His
definition follows. ‘‘Gumbotil® is a gray to dark-colored, thor-
oughly leached, non-laminated, deoxidized clay, very sticky and
breaking with a starch-like fracture when wet, very hard and
tenacious when dry, and which is, chiefly, the result of weather-
ing of drift. The name is intended to suggest the nature of the
material and its origin.”’ ‘ '

“Tield work has already established the fact in Iowa that
there are three gumbotils, the Nébraskan gumbotil, the Kansan
gumbotil, the Illinoian gumbotil.”’

The presence of the Kansan gumbotil in the tabular divides is
a matter of common recognition among the farmers as an imper-
vious clay subsoil which in wet seasons checks proper downward
drainage of the soil, thus creating conditions more or less unfa-
vorable to the growing crops. It was rarely seen in roadside, or
other cuts, however. Two or three gumbolike exposures were
noted near the crests of the narrow ridges south of Mount Ayr,
but in most instances a yellowish till with lime concretions just
below the soil was seen. The latter cases are at a less elevation

9Kay, George F., Gumbotil, a new term in Pleistocene Geology: Science, New
series, Vol, XLIV, page 637-638, 1916.
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than the former and evidently are below the elevation at which
the gumbotil ocecurs. Conditions similar to the above with even
less of the gumbotil to be noted are very generally prevalent over
the county.

One mile west of Watterson there is a gully eight or ten feet
deep, the lower two feet of which is cut in a much reddened till
containing many lime concretions. Above this is a gumbotil
overlain by a siltlike clay similar to that often mentioned by
Calvin in his notes on Taylor county. The whole exposure is
undoubtedly Nebraskan. On the east and west road in section
20, Lots Creek township, Nebraskan gumbotil was observed.

LOESS.

This material which overlies the gumbotil and drift in many
localities is to be noted in Ringgold county much more frequently
than the gumbotil, largely because the cuts that disclose the near-
surface mantle rock are in most cases too shallow to reach the
underlying gumbotil, while they reveal a part, at least, of the
loess. Since Kay’s theory of the origin of the loesslike clay
overlying the gumbotil is almost a necessary adjunct of his
theory of the origin of the gumbotil, it is quite essential that he
be quoted here. ‘“While there is in places, loess of eolian origin
-on the Kansan drift of southern Iowa, much of the material
which has been described as loess is thought to be not of eolian
origin, but to be related more or less closely to the gumbo. The
upper few feet of the Kansan gumbo, which is now limited to the
tabular divides and divides closely related to tabular divides, is
a fine-grained, loess-like joint clay in which, if diligent search is
made, it is possible to find a few very small siliceous pebbles
similar to those in normal gumbo, and it is thought that this
loess-like clay is the result of changes that have been going on
at or near the surface of the gumbo during.the great length of
time since the normal gumbo was formed. The loess-like clay
which is now found as a mantle on the Kansan drift on the slopes
and divides that have been brought by erosion considerably be-
low the level of the original gumbo plain is believed to be the
product, not of wind action, although wind may have been a fac-
tor, but chiefly the product of the weathering and concentration
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of the gumbo and to some extent the underlying Kansan drift,
where erosion has not kept pace with the weathering.

This description of Kay had special reference to the loesslike
clay which is prevalent in many counties which lie to the east of
Ringgold county and not to the distinctive loess of eolian origin
which is found so abundantly in counties which are west of Ring-
gold county.

In the northeast quarter of section 2, Poe township, the East
Fork of Grand river has been cutting comparatively recently
into its north and east bank where it turns from the east to the
south and has thus exposed twenty feet or more of earth. The
upper part of this exposure is loesslike and stands vertical, or
nearly so. So well has it resisted erosion that in places it over-
hangs somewhat the underlying sand or gravel much as indu-
rated rock may overhang the subjacent strata. The unusual
thickness, six or eight feet, of this loess, its situation, and its
relations to the coarser material next below, which is more or
less stratified, would indicate that it is eolian in origin. On the
other hand the loesslike clay seen on the top of the narrow ridges
on the road from Mount K Ayr to Benton and that noted in the
east half of section 13, Grant township, and in numerous other
localities, afford good illustrations of a material that well may
have had its origin by weathering from gumbotil.

.Recent Series

ALLUVIUM.

All the larger streams of the county, at least in their lower
courses, are bordered with flood plains of varying extent, whick
by meandering they made for themselves centuries ago. In
more recent times with every reecurring flood they have deposit-
ed over these plains increment after increment of fine silt rich
in organiec matter. This deposit is alluvium. Fine illustrations
of alluvial valleys may be seen along the Platte and the West
Fork of the Grand, and these plains extend practically across
the county, while along most of the other streams they do not
extend beyond the central part of the county.
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ECONOMIC PRODUCTS AND PROBLEMS
Soils

The soils of the county are classed as loess, Kansan drift and
alluvium. Loess ranks among the best soils. 1t is porous, thus
affording good root basis for plants, admitting ready drainage
in wet times and allowing the rise of moisture from below by
capillarity in seasons of drouth. Where it overlies gumbotil
and is of itself of no great thickness, the impervious nature of
the gumbotil causes the ground water to rise into the loess in wet
times and thus creates conditions unfavorable to the erops. This
drawback is abundantly offset in all ordinary seasons by the fact
that over these divides there has never been any wastage by
erosion ' either of the mineral constituents that contribute to
plant growth, or of the organic accumulations throughout the
years since plants first found congenial conditions on these broad
drift plains.

Alluvium, being a wash from the surface of loess or drift soils
is naturally a very productive and permanent soil. Because of
its situation, however, it is subject to inundation after repeated
heavy rainfalls. The same situation, however, gives it the ad-
vantage in dry seasons of being well supplied with moisture by
capillarity.

Between the tabular divides on the one hand and the alluvial
plains on the other is a rugged topography, wherein the mantle
rock is a till, mostly Kansan. This area may be divided into
two portions, one a region of mature topography about the lower
courses of the main streams, wherein erosion is relatively slight,
the other where the streams branch dendritically and these
branches have their sources well up near the level of the tabular
divides, and for no inconsiderable part of their courses are inter-
mittent. In this region erosion is today very active, and gives
to the soil little opportunity to accumulate the organic material
that is its principal source of enrichment. Then too, there is
not time for the mineral constituents of the soil to be set free and
made available for the growing vegetation. In other words the
soil is kept too thin to be at its best.
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Clays

While the till contains much clay it is not of a quality to be
serviceable in making tile or brick. For several years common
brick were made at Diagonal, at Kellerton and at Redding. The
material used was loess and the stiff mud process was employed.
The style of kilns was of the down draft type mostly. The
annual value of the production scarcely ever exceeded $8,000.
Work was abandoned ten or more years ago, since the material
was neither abundant nor did it produce brick of the best quality.

Sand, Gravel and Bowlders

‘While sand and gravel are not uncommon in many of the ex-
posures made along the roadsides, they are in few cases in such
abundance as to make them of value for any purpose. They
occur in places between Sand creek and Thompsons Fork in
quantity sufficient for local road improvement. They also
occur in a few slopes where the -meander of some stream has
eroded, the best examples of which are to be seen on the south
bank of Thompsons Fork in the northeast corner of the county,
where ten feet of gravel is exposed, and along the north and east
bank of the East Fork in section 35, Liberty township. These
gravels are abundant and would make good material for improv-
ing roads in the neighborhood, but they 'are overlain with so
much other material as to render their use unprofitable even if
they could be made accessible by teams. North of Kellerton
occurs a sand which is suitable for use in making concrete walks
and has been used to some extent for that purpose in Kellerton.

Bowlders are small and rare enough to be subject for remark
when seen. They are mostly granites, granitoids or some type
of quartz. Cobbles and pebbles of quartzite are fairly abundant.
South of Mount Ayr a small limestone bowlder was seen. It
had been weathered white on the outside, but was grayish brown
on a fresh fractured surface and was intersected by small erys-
talline veins. The largest bowlder observed is nearly seven feet
long.
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Water Supply
WELLS

The supply of water is mostly from dug, bored or drilled wells
wholly in the drift or alluvium. A few wells have been extended
into the strata of the Pennsylvanian, but.as a rule such wells are
disappointing as to quantity and quality of the water. In some
- instances ‘they have afforded a copious supply of fairly good
water. Mr. Robert Hall has a well in the east half of the south-
east quarter of section 24, Athens township, which is over 270
feet deep, yields 13 gallons per minute and has shown no lack
of water for eighteen years. A six inch vein of coal was found
at a depth of 208 feet. This well ends in a thick bed of coarse
gravel above which was ‘‘a white sand as fine as gunpowder.’’

Mr. Lewis Myers has a well in the southwest quarter of the
southwest quarter of section 28, Athens township, which is about
500 feet deep, and yields upon test three to four gallons per
minute. Kight or nine feet of limestone was encountered at a
depth of 282 feet.

Meinzer*® found by analysis that the water of these two wells
“‘show a large content of mineral matter, especially of sodium
sulphate.”” In the southwest one-half of section 35, Monroe
township, on Mr. Lon Beede’s place is a well 435 feet deep.
Limestone was met at 240 feet. Further details were not
secured except that a good supply of water was obtained. Mount
Ayr attempted to secure a public supply of water, but a serious
cave in at a depth variously reported from 200 to 400 feet dis-
couraged both the driller and the city and the work was
abandoned. A well in the northeast quarter of the northwest
quarter of section 19, Tingley township, passes through repeated
beds of shale, sand and limestone and three very thin seams of
coal and ends in sand at a depth of 624 feet. It has a daily
product of thirty to ferty barrels of water.

Most of the drift wells on or near the tabular divides range
in depth from thirty to eighty feet and almost invariably end in
sand or gravel. Water is practically assured in wells on the
uplands unless they are situated on the naturally drained slopes,

wUnderground Water Resources of Iowa. Jowa Geol. Survey, Vol. XXI, pp. 982-
986.
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but it is often limited in quantity, especially in dry seasons.
The well at the Porter House in Diagonal affords a good illus-
tration. It is a bored well seventy feet deep and at the time of
a prolonged drouth it supplied the premises somewhat scantily,
being pumped dry every day. The water is hard. XKellerton is
situated upon a tabular divide. Wells in and about Kellerton
average thirty to thirty-five feet in depth and end in a reddish
gravel. Wood is not uncommonly found just before the gravel
is reached. The public well on the street at Kellerton is about
thirty-eight feet deep and affords good water in abundance even
in dry times. A gentleman in town informed the writer that the
water in his well, which is thirty-five feet deep, rises within ten
feet of the surface. A few flowing wells are reported in the
county but no exaet data were secured. A most striking cir-
cumstance is the remarkable uniformity in well conditions
throughout the county. The instances given illustrate the range
of variation very well.

Meinzer* suggests that where seepage is slow a system of
cluster wells, which has proven advéntageous in Davis and some
other counties, be adopted. Several wells are sunk within a
short distance of one another and connected by iron pipes with
a centrally placed well which is a little deeper than the others
and which alone has a pump. This well serves as a common res-
ervoir and thus yields a relatively copious supply.

0il,

Not infrequently certain local conditions awaken the sugges-
tion with the people that a natural supply of oil lies somewhere
beneath the surface. The writer’s attention has been called to
a peculiar scum that appeared upon the water of an artificial
pond in the east half of the southeast quarter of section 25,
Athens township. Some thirty years have elapsed since the exca-
vation of the pond, but not until March, 1910, had the scum made
its appearance. The substance seen by the writer was some-
what gelatinous with a slight oily taste and a little irridescent
reflection. Quite naturally some of the residents irt the vicinity
had become interested. However, it may be said, that whatever

' nI_Ynder?g,round Water Resources of-Jowa: Towa Geol. Surv,, Vol. XXI, p. 985.
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the origin of the scum, and it inay be accounted for in several
ways, it is practically certain that no reservoir of oil of commer-
cial value underlies the locality in question. Thus far no oil bear-
ing horizons have been found in the state. Since the subject has
been quite fully treated by Calvin in volume XT of the reports
of the Towa Geological Survey, pages 22 to 27, and by Kay in
volume XXIII, pages XXV to XLVII, and in volume XXV,
pages XI to XIII, of the same series of reports it is not necessary
to discuss it further here.

Forestry

Among the real evils resultant upon the settlement of this
country is the indiscriminate removal of the natural growth of
trees. The recognition of this fact is becoming quite general,
however, and in many states where there are extensive tracts
more or less tree clad today, but not suitable for ordinary tillage
the conservation of the forest remnants and the planting and
development of trees on areas unsuitable for productive tillage
is regarded as of such importance by the owners that they are
employing trained foresters to direct the restoration of these
tracts in such a way as to make them remunerative again as fuel
~ and timber producing areas. Nor does it require any such length

Fi1G6. 6.—Reverted timber Jand in section 26, Poe township, Ringgold county. On the
right hand is the first year clearing; in the center, two years after clearing;
on the left hand, seven years after clearing, N
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of time té bring this about as has been popularly thought neces-
"~ sary. Not only do owners find this commercially profitable, but
they share with the general public substantial advantages grow-
ing out of the retention of a large part of the rainfall which 1is
later given off slowly, thus preventing floods, rapid erosion and
the covering of creek bottoms with gravel, sand and other forms
of sterile deposits as well as making the run-off part of the rain-
fall available for the use of stock, mill owners, ete., for a much
longer period of time. It has not been well understood as yet
by owners of sections and quarter sections that even the waste
nooks and corners on their farms can be profitably improved by
applying to them the.principles of forestry, which prineiples arc
neither so numerous nor so abs’ruse but that they may be made
readily available by any one.

Not infrequently the papers, proud of Iowa’s agricultural
prosperity, declare that there is not an acre of waste land in the
state. Nevertheless there are many acres that would be more
remunrrative growing trees, if a little care were given to the
selection of the species of trees and to keeping them in good
condition. Ringgold county has numerous areas of this kind,
some of which, to be sure, are small, but are nevertheless worth
as much attention as the other parts of the farm. That they are
not now highly valued even for pasturage is evidenced by the’
fact that they are allowed to grow up slowly to volunteer trees
and bushes, many of which are of the least desirable species and
all are so browsed and broken up by the cattle as to destroy all
likelihood of their ever becoming of material worth to the
farmer. !

At the borders of the tabular divides there are narrow, deep
ravines of recent origin due to headward erosion in times of
heavy storms that produce temporary torrential streams in these
ravines. In this way many a fair field has been disfigured and
rendered more difficult of ready access to all its parts by the
constant and ofttimes rapid encroachment upon it of these ra-
vines. Were the sides and upper ends of these ravines planted
with judiciously selected shrubs and trees, erosion could be de-
cidedly checked, if not wholly prevented.
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GEOLOGY OF TAYLOR COUNTY ' -

INTRODUCTION

SITUATION AND AREA

Taylor county is the third east of Missouri river in the south
line of Towa counties. It is bounded upon the east by Ringgold,
upon the north by Adams and upon the west by Page county,
while Worth and Nodaway counties in Missouri are upon its
southern border. All of its sixteen civil townships are exactly
conterminous with the corresponding congressional townships,
but owing to corrections in the survey that fell within the limits
of this county and to the fact that the state boundary upon the
south does not coincide exactly with the section lines
of a full township, seven of the townships have fractional sec-
an area of 540 5/8 square miles only, or 537 according to thc
Towa Official Register for 1919-1920.

PREVIOUS GEOLOGICAL WORK

Doubtless the earliest specific reference to Taylor county by
any geologist is made by White>. He devotes a little more than
three pages to the consideration of its drainage, geology and
material resources. Brief reference also is here and there made

"to this county in the general discussion of the various topies of
interest to the geologist, the most practical and interesting of
which come up in allusion to the prospects of the occurrence of
coal in the Upper Coal Measures, which immediately underlie
the heavy drift deposits of the county. His statement that in
this series only in the valley of the Nodaway may good coal be
found and that only in a thin vein has not been confirmed wholly
by later investigators.

In the present series of the Geological Survey of Towa, Taylor
county Coal and Coal Mining receive due attention in volumes
IT and XIX. TIts clavs are discussed in volume XIV, and the

1In the preparation of this report use was made of field notes of the late Doctor
Calvin who spent several weeks in the study of the geology of Taylor county.
2Geology of Towa, Vol. I, pp. 344-348.

(69)
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Quarries and Quarry Products in Volume XVII in each case by
Beyer and Williams, while Meinzer and Norton have treated the
Underground Water Resources of the county in Volume XXI.

PHYSIOGRAPHY

Topography
The topography of Taylor county has been developed wholly
in the drift excepting along the valley of the East Nodaway
which for about seven miles cuts the northwest corner of the
county. The great Kansan drift plain formed the original sur-

Il

Fi6. 7.—1I){olgn% ’Ka.nsa.n topography not uncommon in northern Taylor county. Photo
y Calvin.

face which sloped gently a little to the west of south. In esti-
mating approximately the slope of the general surface the
altitude of Lenox, which is 1,293 feet according to one state-
ment of Gannett, may be taken as very near the maxzimum for
the county, since it is near its northern border and is situated
on the uneroded Kansan plain. The altitude of Athelstan, which
is 1,069 feet, may be considered as being not far from the mini-
mum, it being near the southern border, south of Lenox in the
valley of the Platte. The difference in altitude between the two
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places is 224 feet. The relief at Athelstan is about 150 feet, leav.
ing seventy-four feet to represent the slope in a distance of about
twenty-two miles, or something over three feet to the mile.
Today this plain at its southern border has been deeply dis-
sected by a half dozen streams having the same general trend
as the slope of the surface, dividing the drift into long, narrow,
parallel blocks which have themselves been trenched and carved

by the tributaries of the main streams and less deeply by sec-
~ ondary tributaries and only here and there are they crowned
with small remnants of the original plain which through the
long centuries that have passed since the retreat of the Kansan
ice sheet have escaped all commonly recognized effects of erosion.

Naturally the south part of the county, where the streams
have the greatest volume of water, has been most deeply eroded
and it is in this part of the county that flat unchanged areas of
the original plain are rarely to be found, though the interstream
drift blocks are capped by numerous tracts that are but slightly

Fia. 8.—XKansan topography of northern Taylor county, showing the fairly even sky-
line. Photo by Calvin,

sculptured, or mildly dissected as yet. Further to the north these
areas are larger in number and extent and where the headwaters
of the smaller streams are found in the neighboring drift blocks,
having lost their boundaries, coalesce, giving rise to a much less

rugged topography, though where the larger streams enter the
*
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county already carrying a considerable volume of water in the
rainy periods, the topography of their valleys is well advanced,
tlieir flood plains being broad, and their valley sides being steep
and well dissected. Where the tabular divides are unchanged by
crosion, they are bordéred by tracts that have been moderately
sculptured, the suceession of swells and depressions suggesting
an Iowan drift landscape. The latter, however, presents a surface
for the most part as it was left by the retreating ice, the erosional

F16. ¥.—Rolling Kansan topography in Taylor county showing the great width of the
valleys. This view is suggestive of Iowan topography. Photo by Calvin.

changes being relatively slight, while the former is wholly the
result of erosion. From this mild type of erosion are to be found
all gradations to the somewhat mature forms of the south bor-
der. : P ‘

The relief of different localities ranges from a few feet to 100
or 150 feet. In extreme cases it reaches 200 feet.

Platte township has more level area than any other, perhaps,
since it is traversed by no large streams, the drainage being ac-
complished by headwater branches of East One Hundred and
Two river. Its surface, even where it is most dissected, is capa-
able of cultivation readily since the slopes are comparatively
easy. Grant, Grove, Holt, Washington, Marshall and Gay town-
ships have many considerable areas of a moderate erosional type,
though all of -them have deeply eroded stream valleys crossing

-
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them. The other townships crossed by the lower courses of one
or two of the larger streams have a higher per cent of rough
land, though no inconsiderable part of their intervening terri-
tory with moderately sculptured surface affords much fine farm -
land.

The west tier of townships, Polk, Mason, Dallas and Noda-
‘way, present the roughest topography, being traversed by the
West Hundred and Two river which carries an unusual volume
of water. Besides this strong erosional agent, Nodaway town-
ship is crossed by the vigorous Fast Branch of the Nodaway
river and several tributary creeks some of which have cut com-
pletely through the drift and well into the shales and limestones-
of the Missouri, thus producing the maximum degree of rugged-
ness for the county. It is in these townships that the broadest
flood plains and bottom lands occur, making compensation in
part, at least, for that portion of their extent that has been
marred by deep ravines and other forms of advanced erosion.

ALTITUDES.

The altitudes of the following places in the county are taken
mostly from the later edition of (tannett’s Dictionary of Alti-
tudes: ’

LOCALITY ALTITUDE AUTHORITY
Athelstan ............... 1069,C. G. W. R. R............. Ganneft
Bedford ................ 1098, C. B. & Q. R. R........... Gannett
‘Blockton .........cv... 1081, C. G. W.R. R............. Gannett
Clearfield ............... 1250, C. B. & Q. R. R........... Gannett
CONWAY . ovvvvinninnne 1140, C. B. & Q. R. R........... Gannett
Conway Crossing ........ 1158, C. B. & Q. R. R........... Gannett
Gravity ......... 0., 1149, C.B. & Q. R. R............ Gannett
Ladoga ................. 1244, C. B. & Q. R. R........... Gannett
Lenox ....c.cuveiininennns 1293, C.B. & Q. R. R........... Gannett
1250, Weather Bureau .......... Gannett
New Market ............ 1153, C. B. & Q. R. R........... Gannett
Sharpsburg ............. 1270, C. B. & Q. R. R.......... Gannett
State Line .............. 1054, C.B. & Q. R.R........... C.B.&QR. R
Drainage

The drainage of the county is very nearly perfect. It is
accomplished by branches of three small river systems. These
rivers are tributaries of the Missouri, namely the Platte, One
Hundred and Two and Nodaway. Platte river rises in Adair
county, enters Taylor from Ringgold in section 15, Gay town-
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ship, and leaves it near Athelstan, on the Missouri border, after

‘a gently meandering course in a southwest direction through a
beautiful flood plain. Just beyond the borders of the county
the river turns abruptly'to the west and in a course of six or
seven miles receives as tributaries the West Branch and Honey
creek, beyond which it flows south to its junction with the Mis-
souri. Honey creek rises along the border of the tabular divide
near Clearfield, and West Branch rises two or three miles
farther south in Ringgold county not far from its western bor-
der. These two streams pursue a nearly parallel course at an
average distance apart of about four and a half miles, at first
.in a southwest direction. The last third of their course
through the county is southward. They have no perennial
tributaries. Narrow flood plains more or less tree covered bor-
der them for nearly their whole length. The block of drift
between them has a relief in the south of one hundred and fifty
feet or more. This diminishes toward the north, disappearing
entirely as the source of the head-water streams is reached. In
Jackson township little, if any, of the original flat Kansan sur-
face remains unchanged, but as one proceeds to the north, the
relief lessens and rugged topography gives way to moderately
sculptured interstream areas to be followed later by the tabular
divides that have never suffered the ravages of erosion in any
appreciable degree.

In the main there is little more to be said of the One Hundred
and Two river system than has been said of the Platte system.
East One Hundred and Two and Middle One Hundred and Two
both rise within the limits of the county. The East One Hun-
dred and Two is considerably larger than the other, having a
course of about twenty-seven miles-in the county and a drainage
area of about one hundred and twenty-four square miles. Its
course is southwest. Middle One Hundred and Two has little
or no flood plain. Brushy creek is its largest branch. Having
first united their waters, these two branches effect a junction
five or six miles south of the Missouri. border with the West
Branch, which is really the main stream. The West One Hun-
dred and Two rises in Adair county and its whole course in Tay-
lor county is nearly due south. It has a fine flood plain
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throughout the county, and also has the largest tributary of any
of the streams of the county. The wretched system of nomen-
clature for the streams in some of the southwest counties of
Towa is well illustrated here, for according to the maps the West
Hundred and Two river itself has a tributary on the east called
the West Branch of One Hundred and Two river and it has
another tributary on the east called the Middle Branch of One
Hundred and Two river despite the fact that Middle One Hun-
dred and Two river flows a little farther to the south in the same
county.” Though in the south half of its course the drainage
basin of West One Hundred and Two river is not more than
thirty square miles in extent, it is broader in the north half so
that it has a total area of about two hundred and twenty square
miles.

The East Branch of the Nodaway river, which in common
with the Platte and West One Hundred and Two rivers rises in
Adair county or very near its south border, passes in rather a
meandering line through the west sections of Nodaway town-
.ship and then in section 6 of Dallas township swerving to the
west, enters Page county. It with its several small tributaries
drains only about nine square miles of Taylor county. In its
brief course it has cut through the glacial deposits and made
several exposures of the Missouri shales and limestones.

It has been said that the drainage of Taylor is very nearly
perfect. The exceptional cases are to be found in various por-
tions of the county though more frequently in the northern than
in the southern part, and consist of small areas of a swaley,
boggy character for the most part on hillsides or in depressions
between ridges in moderately sculptured regions. These
places are due no doubt to rainfall entering the ground and
soon reaching gumbotil, the impervious nature of which checks
its downward progress, causing it to pass to the lowest part of
the nearly flat area where a swampy patch will often be found,
though sometimes it does not show itself at the surface, but in
wet seasons manifests itself in damaged crops of corn or grain
whose root ‘system has thus been drowned out. Sometimes-the
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water reaches the eroded margin of the gumbotil on the bluffside
where it slowly escapes by seepage, not in a single spot as a
spring, but all along the hillside. Roadside cuts occasionally
present the same phenomena.

In the country south of Ladoga the main depressions are
swampy and on the slopes of ‘the highlands the secondary de-
pressions are too wet to produce good erops in wet seasons.
Here the soil is moist and sticky, while, at the same time, in
marked contrast the soil in sections 2, 3, 10 and 11, Bennington
township, is granular, dry, easily crumbled and ideal for culti-
vation. Springlike seeps are found in the east half, northwest
quarter of section 8, Mason township, in a sticky, tough, siltlike
bluish deposit. In Marshall township there are small patches
of very tough, siltlike, blue, sticky clay which makes seepy, miry
places on the roads and more or less barren places in the fields.
In Grove township there are flat sloughs between the rounded
swells. An example may be noted in the northwest quarter of
the northeast quarter of section 15. About the middle of the
north line of section 23, Nodaway township, there is a broad
slough, also another on the hillside in the northeast quarter of
section 27, Nodaway township. Many other instances might
be given. In each the association with gumbotil is such as to
readily account for the conditions. . See figure 17 for an illustra.
tion of this phenomenon.

STRATIGRAPHY

‘While the Missouri immediately underlies the Pleistocene de-
posits everywhere in the county its exposures are very few.
Aside from those already mentioned as being found along the
East Nodaway and its small tributaries in the extreme north-
west corner, a few others may be seen in and about Bedford
along East One Hundred and Two river. Mantle rock belong-
ing to the Pleistocene and the Recent is everywhere to be
observed. It is quite varied in its manifestations and involves
some of the most interesting present day problems that are en-
gaging the attention of geologists, such as the origin of gumbo
and some phases of loess.



TABLE OF FORMATIONS K

16, 10,—Missouri limestone overlain by loess; in the southwest quarter of the south-
gelst‘ quarter of section 7 of Dallas township, Taylor county. Photo by
alvin.

A table of the geological formations of Taylor county follows:
SYNOPTICAL TABLE.

\ CHARACTER OF

P SYSTEM SERIES STAGE
GROU 1 S STAG ROCKS

Soils
Recent Alluvium

| Yarmout ‘ Gumbotil (Kan-
| : san)

Kansan Bowlder clay,
blue, jointed;
Cenozoic Quaternary Pleistocene pockets of sand
and gravel

Aftonian Gumbotil (Ne-
braskan), forest
beds, peat beds,
soil beds, aque-
ous sands and
gravels

,\Nebraskan Bowlder clays,
dark, friable

Shales and lime-
stones

Paleozoic Carboniferous Pennsylvaﬁian Missouri
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CARBONIFEROUS SYSTEM

Pennsylvanian Seriesg
MISSOURI STAGE.

‘While the Missouri shales and limestones everywhere under-
lie the 1nantle rock, they outcrop in but two localities, near
Bedford and in the valley of the East Nodaway in the northwest
corner of the county. Iimestone is exposed near the east end
of the bridge east of the railway station at Bedford and again
farther north near the river, where it formerly was quarried.
This rock is referred by Calvin to the Forbes (Deer Creek)
limestone.

There are exposures of the Migsouri for half a mile along an
unmapped tributary of the East Nodaway in the southeast quar-
ter of section 29, Nodaway township. One of these is illustrated

F16. 11.—Exposure of cap rock with a big Kansan bowlder; in the ‘southeast quarter
of section 29, Nodaway township, Taylor county, as it appeared in 1907.
There are other exposures farther down the creek. Photo by Calvin.
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by figure 11. Cap rock forms the platform on which
"~ the creek flows. In some places, however, it rises three
and four feet above the usual water level, exposing be-
low it two feet, more or less, of thin bedded shales and a foot
of bastard rock very rich in fossils, Ambocelia planoconvexa
especially abounding. Other exposures of the cap rock were
observed in the northeast quarter of section 20 and in the north

T"1g. 12.—Exposure of Missour]  limestone and shale overlain by gravel, “silt” and
loess; southwest quarter of the southwest quarter of sectlon 7, Dallas town-
ship, Taylor county. Photo by Calvin.

half of section 32, Nodaway township. Calvin gives the follow-
ing section northeast of Hawleyville, Page county, along the
west border of section 7, Dallas township. Figure 12 illustrates
this outerop.
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FEET
6. 1.06SS ..........i..n. e e —
B, Blue SIlt ... e e e e —
4. GraAVEl .o e e e e e —
3. Yellow weathered shale.............. ... ... iiiiiinion.. 4
2. Harder shaly limestone, containing Chcneies granulifera, Fu-
sulinas and BryoZOAS .......vvvvvreereieieinnninnnnns ¥4
1. Shaly limestone in the bed of theereek..................... 273

The blue silt of Calvin mentioned above and elsewhere is un-
doubtedly the gumbotil of Kay®. Other exposures occur in this
vicinity but aside from minor variations as to thickness and rela-
tive order of occurrence of the material further details are
UIINCCESSATY,

According to Tilton the following beds must be represented
here somewhere: Howard limestone, Severy shale (with its Nod-
away coal seam), Topeka limestone, Calhoun shale, Deer Creek
limestone.

THE BEDFORD WELL SECTION

Missouri Stage—However, it should be of interest to note
well the Missouri stage of the Bedford deep well section and so
it is transcribed here from the section as given in the volume on
the Underground Waters of Iowa'.

SECTION OF THFE BEDFORD WELL.
) THICKNESS DEPTH

DESCRIPTION OF STRATA FEET FEET
Pleistocene: ’
Drift, no samples, DO record.........ceovuuiieurinieronnneens 38 38
Carboniferous:
Pennsylvanian— )
Missouri stage (722 feet thick; top 1,060 feet above sea
level)

Limestone, light gray, nonmagnesian, soft; earthy luster;
permeated with minute ramifying smooth surfaced

masses of calcite ...... ... ... i 6 44
Limestone, argillaceous, light gray, soft; earthy luster;

and shale, plastic ........... ... ... il 6 50
Shale, drab, unctuous, noncalcareous; 8 samples.......... 40 90
Shale, bluish drab, calcareous.............cvviirineenns 5 95
Limestone, earthy, light blue-gray..............cocvuina.. ;3 100
Shale, drab, calcareous, 3 samples............ ... 15 115

3Kay, G. ., Gumbotil, a new term in Pleistocene Geology: Science, New Series,
Vol. XILIV, Nov. 3, 1916.
iJowa Geol. Surv,, Vol. XXI, pp. 1183-1185, 1912,



BEDFORD WELL SECTION

Limestone, light blue-gray, soft, argillaceous; with shale.. 5
Shale, drab, CaleareoUS . ...... vt ieneeenrnnere s 5
Limestone.and shale: limestone soft, whitish; rapid effer-
vescence; numerous Fusulina; encrinital, 5 samples... 25
Limestone, light gray, soft, earthy; a little chert.......... 5

Shale, greenish drab; some limestone with crinoid stems.. 10
Shale, as above; some black carbonaceous and a little blue-

gray limestone .......... ... ittt 5
Limestone, light brown, white, gray, hard, compact; and
greenish shale ..... ... .. ...ttt 5
Limestone, light blue-gray, argillaceous; and light yellow-
gray with crinoid fragments; greenish shale.......... 5
Limestone, yellow, gray, hard.................... ..ot 5
Shale, dark brick-red, calcareous; 2 samples.............. 10
Shale, greenish drab, caleareous, siliceous; and ocher-yel-
low, hard, siliceous, calcareous; 2 samples............ 10

Shale, hard, greenish drab; so highly siliceous with minute
particles of quartz that it might be termed an argilla-

ceous Sandstone .. ........ ...t 5
Shale, greenish drab, plastic, pyritiferous; some hard, yel-

Jow fossiliferous limestone .............. ..ot 15
Shale, blue-drab, soft, laminated; harder siliceous layers.. 25
Shale, drab, laminated; 6 samples. .. .....coeve i irenn. 30
Shale, drab, with some lamin® of black coaly shale........ 5
Shale, green, fossiliferous ..... e e e e 5
Shale, green, fossiliferous; some drab limestone and chert. 5
Shale, hard, red; 2 samples. .. ......ooeeeeeuiiuneaneann. 5
Limestone, hard, drab, with shale......... e 10
Shale, drab, fossiliferous ......... ...t nnenneennn 10
Limestone, hard fine-grained, siliceous.................... 5
Limestone, yellow-gray; and white, soft; earthy luster; 3

SAmMPles ... e ... 15
Shale, green and black, carbonaceous...............oounn. 5
Limestone, soft, yellow, macrocrystalline................. 10
Shale, drab; 5 SamplesS. ..o ov it 25
Shale, drab; some drab limestone............... ... ..., 5
Shale, drab; with sand of flinty drab limestone............ 5
Shale, reddish; with dark green-gray argillaceous limestone 5 -
Shale, red, a little brown siliceous limestone......... o 10
Shale, drab, 4 samples. . ... oot i i 15
Limestone, light yellow-gray; crystalline in sand; 4 samples 20
Shale, greenish drab ......... ... i innan, 10
Limestone, light yellow-gray; much shale................. 5
Shale, 'greenish; some drab limestone, flinty.............. 10
Limestone, light yellow-gray ...........ciiiieiinrnnenen.. 10
Shale, drab, 4 SAMPlES. ... v vt iie i it e e 20
Limestone, white; large fragments of shale............... 21

Shale, drab; some black at 516; with limestones at 525; 4
SATAPIES. (it 19

180
185
195

210

225
250
280
285
290
295
300
310
320
325

340
345
355
380
385
390

395 -

405
420
440
450
455
465
475
495
516

535
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. Limestone, white and Bray..........oooieennenniinennns 15 -550
Shale, black, fissile, combustible; and hard, gray limestone 5 b55
Shale, dark drab ...t i et i 10 565
Shale, greenish; with white limestone in concreted powder 5 579
Sandstone, white, microscopic grains, calciferous; with

13 47 1 = G 5 575
Limestone, white and light gray................ ... o0 10 585
Shale, dark drab .....c..ieii ittt et 5 590
Limestone, hard, gray, siliceous; shale.................... 5 595
Shale, dark drab ........ ..ot i e e 5 600
Limestone, yellow-gray, rather hard; much shale in large

B8 =0 11U 4 U 1O 15 615
Shale, dark drab, nodules and masses of gray chert....... 15 630
Shale, light brown, alcareouUs. .. .....covvuvveinennn.n e... b 635
Shale, greenish; with gray limestone and chert............ 5 640
Limestone, gray; much shale.................oiviiian 5 645

Shale, drab, black at 645; gritty at 650 and 655; with lime-
stone at 670; sandy at 670, 675, 695, 700; coaly at 705.. 65 710

Sandstone, fine, gray; 3 samples. ..........oiiiiiiiiiinn 15 725
Shale, dark drab; some black; fissile......... cccvvvrerin. 10 736
Limestone, gray, finely arenaceous ................cco0cvunn 10 745
Shale, dark, and reddish brown; 2 samples................ 10 755
Limestone, light gray ........ciiiiiiiiiiiinnencnnnnnnns 5 760

This is a typical section of the Missouri. There are in the 722
feet of thickness sixty-five strata as determined by the inter-
preters, Meinzer and Norton. Two of these are sandstone,
twenty-four are liméstone and thirty-nine are shales. The
great majority of them range from five to ten feet only in thick-
ness. Less than half the shales are simply argillaceous. Many
of them are calcareous to a greater or less extent, or are thinly
laminated with limestone. -Others are carbonaceous up to the
degree of being combustible or coaly. A few are siliceous, one
being so much so as almost to warrant its being called an argil-
laceous sandstone. Only a few of the limestones are relatively
pure. Some are shaly, or thinly laminated with shale. Others
are cherty, flinty or otherwise siliceous. Fossiliferous beds are
rare among both the shales and limestones. Shallow waters
prevailed, but the depth and other conditions were constantly
changing, now and then by comparatively abrupt diastrophic
movements of the land or sea bottom or both, but for the most
part by very gentle changes of level or of the relations of the
land and water. Few of these individual strata are of wide
extent, if we may judge from a consideration of other sections
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of this stage, either partial or complete. In thinking of the con-
ditions of the Missouri we are constantly reminded of the present
day conditions of the northern margin of the Gulf of Mexico.
There we find the extensive deposits forming shales, the small
amount of sandstone area as at Ship Island and its vicinity and
the limestones and shales of the Tortugas, etc.

Des Moines Stage.—Of the 580 feet of this stage the lower 180
feet are sandstone excepting two strata of shales five and fifteen
feet thick interstratified with the two upper sandstone strata.
The remaining upper 400 feet are wholly shales.

The Mississippian Series.—This series is 355 feet thick. At
the very base are thirty feet of shales. Near the middle are two
cherty strata. The rest of the section shows limestone exclu-
sively. ' '

The Devomian System.—In this section 130 feet belong to the
Devonian system, of which 115 feet are limestone and fifteen feet
are shale, .

Stlurian System.—Of the 575 feet belonging to the Silurian
120 feet are common limestone, 193 feet are dolomite, 130 feet
are anhydrite marl, 30 feet are shale, 4 feet are mar] and 20 feet
are unknown.

THE MANTLE ROCK. THE QUATERNARY SYSTEM.

The Pleistocene contributions of Taylor county at once chal-
lenge the interested attention of the careful observer. The
original’ materials of these contributions were doubtless very
much like those of the same stages to be found in other counties
where only the two oldest drift sheets have been laid down. But
the changes wrought in them by the various agents of change
during the immense intervals of the Pleistocene during which
these agents have had free play, are unusually varied and some-
~what confusing, but nevertheless of very great interest.

Pleistocene Series
NEBRASKAN STAGE
The material of this stage, the oldest of the glacial stages of
Towa, differs in its physical features so little from Kansan drift,
that it is difficult to determine the age apart from certain mate-
rials which are associated with these drifts. When in southern
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Towa two drifts are found separated by gumbotil, a peat bed, or
any other evidence of an interglacial epoch, the lower drift is
assigned to the Nebraskan without much hesitation. Overlying
the Nebraskan drift there is found, in many places in Taylor
county and in other counties, a grayish, tenacious, thoroughly
leached clay, which popularly is called gumbo, but which Kay
has called specifically gumbotil®, and which Calvin, in doing field
work in this county in 1910, frequently noted, giving it, for the
sake of distinction, the name of blue silt. The comments in his
note book upon the unusual occurrence of this material under the
conditions in which he found it, show that he was becoming
deeply interested in the problems it suggested and had he lived
there is no doubt that he would have evolved a theory for its
solution. ,

Some of the localities where the Nebraskan is exposed quite
convineingly are given here. A few rods west of the northeast
corner of section 16, Jefferson township, and also one-fourth
mile west of the same corner a light blue siltlike material which
occurs at intervals throughout the county seems to be overlain
in the bank at the roadside by true drift and it is underlain
toward the east by very red ferruginous till. Calvin thought
this might be an inclusion of pebbleless Nebraskan in the Kan-
san. It may be, however, that the lower till is the weathered
Nebraskan and the silt the overlying Nebraskan gumbotil.

In the west half of section 24, Clayton township, along the
road passing through the middle of the section, exposures of
Nebraskan gumbotil ocecur beneath Kansan drift. Similar
exposures may be seen on both sides of Dougherty creek in Ben-
ton township. Along the south line of section 19, Benton
township, near the southwest corner, Nebraskan gumbotil under-
lies residual gravel. A few rods north of the school house near
the southeast corner of section 9, Benton township, an exposure
presents the following section:

FEET

3. Weathered Kansan with small pebbles, very red or brown... 2
2. Thin band of blue silt (or gumbotil) ....................... 14
1. Weathered red till with much lime............... .. ... .. ... 2

sKay. George F.. Gumbotil, a New Term in Pleistocene Geology: SCience, new
series, Vol. XLIV, November 3, 1916.
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Near the northeast corner of section 4, Benton township, a
section shows weathered calecareous Kansan overlying a body of
blue silt and apparently resting unconformably on it. This
blue silt has many small pebbles in it. Nebraskan gumbotil
oceurs i a ravine north of Buchanan apparently below Kansan.
One-eighth mile east of the southwest corner of section 9, Polk
township, gumbotil appears below good Kansan. On a hill east
of the center of the southeast quarter of section 15, Mason town-
ship, a section shows: _

3. Typical calcareous Kansan.
2. Crumbly blue silt, Nebraskan gumbotil.
1. Kansan-like till (Nebraskan till).

It will be noted that the above cited instances are all in the
townships of the south half of the county. This was to be
expected since in the north half erosion is everywhere moderate
except along Nodaway river.

AFTONIAN STAGE

The presence of Nebraskan gumbotil, at many places in Taylor
county, separating the Nebraskan drift from the overlying Kan-
san drift, is the best evidence of the. Aftonian age, whicl
interval began with the retreat of the Nebraskan ice sheet and
ended with the coming of the Kansan ice sheet. This Nebraskan
gumbotil is, according to Kay, the result chiefly of the chemical
weathering of Nebraskan drift during Aftonian time. Other
materials, such as sand and gravel, peat, and vegetal matter, are
included in the Aftonian. It is more than likely that sand and
gravel in the bank of a small creek south of Adam’s coal mine
in the southwest quarter of the southeast quarter of section 24,
Dallas township, is Aftonian, but sufficient determining data
are not to be secured. Other similar cases might be cited.
Frequent mention is made of meeting with wood and other forms
of vegetal matter in putting down wells, but since most wells are
relatively shallow, ending semewhere in the drift or just at the
point of reaching rock it has not been thought worth while by
the well digger to make and preserve the details of the changes
in the character of the materials as they have been penetrated.
The appearance of wood would impress the memory, but the
depth and accompanying mineral materials would not be remem-
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bered except in a very general way. A few instances where
wood was found in sinking wells are here cited: The well at the
Bedford schoolhouse; the well at the Fairgrounds; two wells in
- the southwest quarter of section 7, Ross township; two wells in
the southeast quarter of the southeast quarter of section 13,
Ross township; a well near the middle of the west line of section
2, Washington township; and in a mine shaft in the southeast
quarter of section 34, Dallas township. In this instance the
wood was encountered above a dark blue till believed to be Ne-
braskan. HEven in the record of the deep well at Bedford, where
all the details respecting the rock formations below the Pleisto-
cene are given with the utmost particularity, nothing is given
concerning the Pleistocene save its thickness, thirty-eight feet.

KANSAN STAGE,

The direet available knowledge of Taylor county as a portion
of the earth’s surface is confineéd almost wholly to the Kansan
drift formation. It is dominant in thickness, in area, extent,
in variety of phases in which it appears today, and, with the
Nebraskan, in forming the basis in which the topography of the
county has been wrought. Out of it has come the material pros-
perity of the people in the main. A restricted area in Nodaway

-and Dallas townships produces coal which comes from the Mis-

souri. A few wells derive their water from the Aftonian, or
Nebraskan, or even from the Missouri or still older rocks.
Along the larger stream courses alluvial deposits of moderate
extent are found. With these exceptions, it is the Kansan, Kan-
san everywhere upon which the people must depend for their
. substantial success.

The material of which it is composed was torn from the rocks
of various kinds that 1ay in the pathway of the immense glacier
that irresistibly ploughed its way from its central Canadian
source south and southeastward, .until it met its defeat in
changed climatic conditions and was compelled to drop along
- the way of its retreat, its load of gathered rock substances now
in large part reduced to a pulverized condition.

In its unaltered state Kansan till, like that of the others, is
made up of argillaceous, calcareous, siliceous and ferruginous
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matter in the main, the first named constituting by far the larger

amount of its components. It is, then, a clay, dense, tough, not

readily pervious, more or less plastic, of a dark bluish color,

usually somewhat calecareous and with sand or gravel thoroughly

intermingled, or in small pockets, streaks or bands of variable
extent. Rock fragments. of intermediate size are not uncom-

mon, but bowlders are relatively not numerous. They are

granitoids and greenstones mostly though' quartzites, Creta-

ceous rock fragments and fossils are not infrequently found.

The lapse of time since the retreat of the. Kansan ice sheet is
variously estimated by geologists. Chamberlin and Salisbury
offer as a minimum 300,000 years, as a maximum 1,020,000. The
extent of this range indicates the degree of indefiniteness that
attends all efforts to put estimates of Pleistocene time divisions
into figures. But, when we consider the extent of the chemical
changes that have been wrought in this ancient drift sheet and .
the erosional effects that may be observed in it wherever it has

bl

F1G. 13.—Residudl gravel exposed a few rods north of the middle of the east line of
section 11, Marshall township, Taylor county. FPhoto by Calvin,
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not been protected by later drift sheets, it is easy to conclude that
the time under consideration was long, very long as we com-
monly estimate time.

The unweathered Kansan, of course, is found only in recent:
‘exposures such as the deeper road cuts, ravines and banks that
have been eaten into by meandering streams. Overlying it
usually is the weathered Kansan which has very much the same
general makeup, although by oxidation, leaching and other forms
of weathering, changes in color, compactness, toughness and
perviousness have taken place; the degree of change varying
with the distance from the surface, so that as a rule the weathered
phase passes almost imperceptibly into the unweathered. In
many places a thin layer of residual gravel overlies the weath-
cred type. Figure 13 shows a good illustration of this feature.
Practically all the gravel observed in the county has
this position, which fact accounts for the small amount of

e - e A St e e s e e T = S S e

Fic. 14.—A road cut near the northwest corner of section 16, Jackson township, Taylor
county, showing segregated lime plates and nodules near the surface of the
old Kansan drift. Photo by Calvin.

3
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Fi1G6. 15.—A road cut near that shown in Figure 14 and showing similar lime plates
and nodules near the surface of the old Kansan drift. Photo by Calvin.

available gravel to be found here. Exposures of Kansan drift
occur under various conditions. Some instances have been
noted in locating the Nebraskan. A striking fact about many
of the exposures in this county is that calcareous material, in
concretions of some form as a rule, is found, mostly in joints
‘“‘even up to the grass roots’”’. The weathered Kansan occurs
almost everywhere in the county either directly at the surface
or underlying loess and gumbotil and, perhaps, a layer of resid-
unal gravel. To designate localities, then, would be obviously
unnecessary. Iigures 14 and 15 are views of two such localities.

Kansan Gumbotil—In some sections of the Mississippi valley
a certain obnoxious type of clay has long been recognized popu-
larly under the term ‘‘gumbo?’. In Iowa this material is found
in the Kansan drift areas, and here it is limited to the tabular
divides. The geologist busied with the many problems that
have readily offered themselves for consideration, has almost
wholly ignored this material -until recently, so that geological
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literature is signally void of more than incidental allusions to
this specific produet of the Pleistocene. Among the many con-
tributions to the present series of the Towa Geological Survey,
direct or indirect references to gumbo are made only by Gordon,
Bain, Keyes, Udden, Shimek and perhaps one or two others, so
far as the present writer recalls and of these Udden and Shimek
alone attempt to account for it genetically, though even then con-
fessedly in a tentative way. "

The term gumbo is sometimes applied to a mere surface
prairie mud that, doubtless, needs no special consideration.
Again it is applied to a tenacious clay found in alluvium, the
origin of which may confidently be attributed to water deposi-
tion. A third type often found on the uplands of the counties
in the southern part of Towa has been regarded by several of the
writers named above as a modified loess beneath which it is
usually found and into which it appears to grade. So intimate
seems the relationship that the term gumbo is seldom applied to
it. Itis regarded as a less porous and more thoroughly oxidized
and leached loess that when dry resembles joint clay. Some
have called it red clay for distinction’s sake. In a few instances
it has been called gumbo. Calvin in his unpublished notes upon
Taylor county found this form of material so often thrust upon
his attention that he became intensely interested in it and time
and again so expressed himself as to convince the reader that it
was a problem that would receive his strictest attention in writ-
ing up his report. The various names he gave to it indicated
the doubts he had as to its genesis. The term he most often
used, blue silt, seemed to imply that he thought it may.have been
in some way a water deposit. Many of these exposures in the
southern townships which occur between distinet beds of till,
we have referred in earlier pages of this report to the Nebraskan
stage. The rest must be regarded as belonging to the Kansan.

Recently Kay, recognizing the chaotie condition of our knowl-
edge of this whole subject and believing that the time was oppor-
tune for a more complete exposition of it than had been
undertaken previously, availing himself of such data as were
accessible, and after carefully examining the best known expos-
ures of the material under consideration, has offered a theory
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that seems to account for the upland phases of gumbo far better
than any other that has fallen under our observation®. It may
be noted that Bain” and others recognized the intimate relation-
ship of what was sometimes .called an altered loess, but which
was the formation now under discussion unquestionably, with
the loess above it. Kay reverses the order of genesis and makes
the so-called loess or loesslike clay in these conditions the prod-
uct of the weathering and concentration of the gumbo. The
gumbo itself he regards as the result of the weathering during
an exceedingly long time of the upper part of the Kansan drift,
while erosion was inactive because the plain was not subject as
now to surface drainage. This weathering was therefore chiefly
chemical and resulted in the grayish, tenacious, thoroughly
leached joint clay commonly known as gumbo, which has a thick-
ness varying from a few feet to twenty feet or more. It grades
downward into yellowish and chocolate-brown Kansan drift
from three to seven feet in thickness below which is the unleached
dark Kansan drift. All the gumbo observed in the county is
to be accounted for under this theory more satisfactorily than -
under any other, excepting some of the alluvial type noticed in
the flood plain of Platte river and which for the present may best
be regarded as a fluviatile deposit. To this upland gumbo for
distinction’s sake Kay has given the name gumbotil. Condi-
tions being the same, gumbotil may have been developed in other
interglacial stages and we have had occasion to refer to it as
occurring in several of the southern townships as a phase of
Nebraskan drift material.

A typical instance of the ‘‘blue silt’’ of Calvin is near the
middle of the south line of section 15, Holt township, where it
grades into loesslike clay above and into the weathered Kansan
till below. This latter condition is so pronounced that Calvin’s
note reads: ¢‘This ‘blue silt’ is included in the drift and differs
from loess.”” Again in describing a feature in the southeast
quarter of section 27, Nodaway township, he speaks of ‘‘sloughy

sKay, G. F., Some Features of the Kansan Drift in Southern Iowa: Bull. Geol
Soc. Amer., Vol. 27, pages 115-117; also Iowa Geol. Surv,, Vol. XXV, pp. 612-615.

Towa Geol. Survey, Vol. IV, Keokuk County, p. 288 and elsewhere; also Iowa
Geol. Survey, Vol. IV, Mahaska County, p. 243.
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IF16. 16.—Marshy seeps on hillsides with dry land above and below. The land above
the first belt of corm is too wet to plow.. Southeast quarter of section 27,
Nodaway township, Taylor county. Photo by Calvin.

ground well up on slopes, due apparently to deposits of ‘blue
silt’ in the Kansan drift.”’ In figure 16 one such locality is
shown. :

Similar exposures of the ‘‘blue silt’’ were noted in all the
northern townships where erosion has cut through the upper
portions of the drift only. As pointed out by Kay, ‘‘in the
southwestern part of the state the Kansan gumbo which is in
situ is found only where the divides, which are no longer dis
tinctly tabular, retain the level of the former gumbo plain.’’

LOESS.

In the western part of Taylor county there is considerable
typical yellowish loess of eolian origin, similar to the loess which
is so prevalent in the counties nearer to Missouri river. This
loess is 'well shown in the railroad cut at New Market, where the
yellow loess in the upper part of the cut grades into gray loess
below. Yellow loess is well shown in the numerous road cuts
that have been made in recent years in connection with the im-
provement of the highways.
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In the eastern part of the county there is little, if any, loess.
There is, however, a loesslike clay, which is thought to be not
of eolian origin but to be related more or less closely to the Kan-
san gumbotil. Such a relationship exists in the counties to the
east of Taylor county®. The explanation suggested by Kay for
this loesslike clay is that it is the result of changes that have
been going on at and near the surface of the gumbotil during the
great length of time since the normal gumbotil was formed, and
that, moreover, the loesslike clay, which is now found as a mantle
on the Kansan drift on fhe slopes and divides that have been
brought by erosion considerably below the level of the gumbotil
plain, may be the product not primarily of wind action but
chiefly the product of the weathering and concentration of gum-
botil and related materials, and it may have been brought to its
present position in connection with the development of the pres-
ent topography by erosive processes.

The Recent Series
ALLUVIUM.
‘Wherever the topography is measurably mature, the larger

streams for the most part are bordered with flat and fertile flood
plains, ranging from one-fourth of a mile to more than a mile in

Fi¢. 17.—The broad bottom lands of Platte river above Blockton, Jefferson township
Taylor county.. Photo by Calvin.

¥Kay, George F. Some Features of the Kansan Drift in Southern Iowa: Bull
Geolé ZS%C'SOf Amer., Vol. 27, pp. 115-117. See also lowa Geol. Survey, Vol. XXV,
pp. 612-615.
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width. The finest and largest of these, perhaps, are along
Platte river. See figure 17. Formerly all these bottom
lands were wooded and in many instances remain so
up to the present time though their fertile character
has tempted the farmer to convert them into cultivated
fields to a large extent. Only in the case of the larg-
est streams do these flood plains extend much into the northern
half of the county, but along the Nodaway and the West Branch
of One Hundred and Two river they are found well up to the
north border of the county. Occasionally, as in section 10,
Dallas township, no bottom land appears, erosion having failed
to prepare the way for the Recent deposits. Superficially
alluvium 1s a fine loamy silt, but in the deeper deposits sand,
gravel and clay are to be found. The clay is usually tough and
impervious and is commonly called gumbo. If the term gum-
botil is to be used specifically for the siltlike weathered till as
suggested by Kay, this alluvial silt may well retain the name
gumbo. as a distinctive term. In some instances in times of
heavy rainfall the coarse elements of the till have washed down
the steep hillsides and have covered the finer alluvium of the
flood plain. This is the more likely to take place in the future
as the slopes have become denuded of their natural protective
covering of tres and bushes and the surface becomes loosened
and roughened by grazing animals clambering over the steep
slopes. :

SOILS

Superficial mantle rock, whether of recent or long time expos-
ure, commonly passes under the term soil and may vary greatly
in composition, degree of disintegration, perviousness, ete., and
consequently in its productive quality. Taylor county is
dependent almost wholly upon agriculture for its prosperity.
A large percentage of-its surface, wherever the topography is
not too rugged to admit of cultivation, is rich and productive.
Loam, loamy loess, and alluvium constitute the varieties most
highly valued. Clayey, sandy and gravelly soils are so insig-
nificant in extent as to merit no more than the merest allusion.
When gumbotil is near enough to the surface to constitute the
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subsoil, it makes an ungenerous harborage for the roots of grow-
ing crops greatly to their detriment especially in wet seasons.
Experience is demonstrating that even some gumbotil is amen-
able to wise treatment. It is no doubt true that sooner or later
every portion of the county will prove to have its own unique
method of response to the appeals of the skillful husbandman.

ECONOMIC PRODUCTS
Building Stones

In the early settlement of Bedford quarries were operated on
the border of the town and quite a large amount of stone was
taken out. The old school building and the old court house were
built of local stone, but both of these buildings have been taken
down, though a large pile of the stone is still to be seen near the
creamery. It is a limestone of the usual Missouri type, yellow,
clayey or earthy in part. Fossils are rare except as they are
represented by comminuted fragments of Fusulina cylindrica.
Spiriferina keniuckiensis was noted, also S. limeata, Athyris sub-

-tilita and Lophophyllum profundum. No quarrying has been
done in this locality for many years. There is a natural ex-
posure of this limestone at the southeast corner of the bridge
east of the railway station.

Bowlders—In many counties of Towa, especially those within
the bounds of the Towan drift, large, firm bowlders of granite,
granitoid and greenstone abound. These have been used freely
for foundation walls and for other purposes where limestone is
used ordinarily, but in Taylor county bowlders and cobbles are
so rare that their occurrence becomes at once a subject of re-
mark. Many of them show evidences of weathering. On the
south line of section 34, Mason township, is an unusually large
bed of gravel in which were numerous small bowlders and.
many cobbles, an exceptional case. An occasional bowlder was
seen in section 10, Dallas township. In the northwest quarter
of section 13, Polk township, on the south side of the road a
bowlder two and one-half feet in diameter was noted. Residual
gravel was on the other side of the road. Indeed the bowlders
seem to be associated with cobbles and residual gravel and sand
of a residual nature. Sand and gravel, while frequently in
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pockets, streaks or bands in the drift, or occurring in residual
layers, are nowhere of such extent as to be of economic import-
ance worthy of note. The largest bed of gravel seen was in
section 34, Mason township.

Roads and Road Materials

Rough topography is so characteristic of the larger part of
the county that hills, low or high, gently shaped or steep are the
common feature of the roads. Skillful grading has already
done much and will do much more to improve the roads over
these hills. Gravel and crushed stone for road purposes are
not obtainable to any notable extent within the bounds of the
county. After grading and provisions for suitable drainage
have accomplished their best for the roads, further improve-
ments must come from the use of materials such as oil, gravel,
crushed stone, and cement from without the bounds of the
county.

Clay Products

Formerly brick yards were in operation in Lenox, Bedford,
Blockton, Gravity and in the northwest quarter of section 30,
Jackson township. In all these places excepting at Lenox the
material used was an alluvial silt. The brick industry soon
declined in most of these places, due in part to the fact that the
demand for brick locally was never very great and also because
the quality of the brick, while good, was not equal to the best and
so brick was shipped in to a certain extent, thus still further
restricting the market for the local product. At Lenox the
manufacture of tile was added to that of brick and a flourishing
business was done for several years. The plant was quite.ex-
tensive in machinery and output, which in 1907 was about 600,000
brick. In 1910 nearly 400,000 tile were made. The material
used was an upland siltlike clay. In the lowest two feet it is
blue and sticky, quite like the blue silt that in this report has
been called gumbotil. This is overlain by eight feet of a yellow-
ish clay with ochery, ferruginous streaks running through it.
The upper two feet is a-dark loam. All these were used together.
So far as can be learned this plant, too, has shut down, though
the latest to do so. '
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Coal and Coal Mines

Several natural outerops of coal in the banks of the East
Nodaway and its minor tributaries in Nodaway township led
to the sinking of a shaft by J. R. Foster more than fifty years
ago on the Hast Nodaway about two miles south of Henshaw.
Coal of good quality was obtained. Mining developed slowly,
however, for several years. It reached a maximum of about
24,000 tons in 1901. About thirty different mines have been
opened in Nodaway and Dallas townships. Some of these shut
down after a brief season of activity owing to difficulty in con-
trolling water. The demand for the product of all mines not
on the railroad is local and necessarily is limited in amount.
Only five mines were operated during the winter of 1917-18.
One of these, operated by the Pullens, about three-quarters ot a
mile east of- New Market, has shipping facilities over the Chi-
cago, Burlington and Quincy Railway. Its depth is 185 feet. Its
product for the year was about 10,000 tons. A section follows:

FEET
S0Il o e 4
Yellow joint clay ......cooiiiiiiiiiiiiiiiiiiiiinniennnanns 20
BlUe Clay .. iiitiir it i ittt e et e e e 6
YelloW ClaY v ivi ittt ittt et i ettt e ta e 10
Black Shale ......o.iiiiiiiiiiiiiiieiernterrirrenananaaas 100
Gray Shale .........iiiiii i i e e e i e 35
(07 I 7). S O 5
Slate, variable ..........c.ciiiiiiiiiii it e

Seami of coal............. .. et et 11%-2
Fireclay .........cvovuvnan. e et et

In the southeast quarter of section 34, Dallas township, John
Bean has a mine that was worked for a short time twenty years
ago. Work was resumed in this mine in December of 1917 and
continued through the winter months with four men employed.
This coal sold for eighteen cents per bushel. It is Mr. Bean’s
intention to begin work again July 1, 1918, The shaft is sev-
enty-five feet deep.

Near this mine is the Millison mine. The shaft, which is 125
feet deep, was put down in 1917. Six to eight men were em-
ployed during the winter of 1917. Water makes the operation
of this mine somewhat difficult. :

7
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John Campbell operates the mine in section 32, Nodaway
township, formerly owned by Nathan Wilcox. This mine was
worked for seven months in 1917 employing four men at four
dollars a day. The coal sold at twenty cents a bushel. The
eighty foot shaft gives a section as follows:

(012 10-20
GUINDO & it ettt ittt e ettt e cn s eeen e aanean e anenneons 10
Yellow 80aDPStOME .. vui it e ini ittt et iee e enanann 20
Blue S08DPStONe ...ttt e e e e e 10-15
L0701 4
1 2 T 4 3- 4
Coal VeI ..it it i e e e e 1%5-12/3
Fire Clay ... i e e e e e e 3- 4

A little north and east of the Campbell mine is the McKinley
mine, very much like the Campbell mine in most details, but it
could not be operated much during 1917 on account of the water.

These mines, excepting the Pullen mine, attempt to meet only
the local demand. Many mines well known for twenty years or
more are shut down. A very common complaint is the scarcity
of help. All the coal mined in this county is from the Nodaway
seam which also supplies all the coal of Adams and Page coun-
ties. This seam is in the so-called Braddyville limestones (the
part known as Severy shale), a part of the Shawnee division of
the Missouri stage. There is no positive evidence that the coal-
bearing strata of the older formations which are prodnctive
farther east and which are known to underlie the Missouri of
Taylor county, contain veins of coal that could be profitably
mined. Xven if the veins are there they lie at such 'a depth as
to preclude profitable mining under present conditions.

Water and Water Supplies

Water supply conditions are in some particulars somewhat
unique in Taylor county. An attempt was made at Bedford to
secure an abundant supply of good water for the use of the city.
With this intent a well was drilled to the depth of 2,400 feet.
The only water of ample flow that was secured was salt, too salty
to be fit for household or any other use. This expensive fail-
ure has checked and will check for many years any farther effort
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of the kind in: this county. The details concerning this well may
be found in Volume XXI of the Towa Geological Survey and will
not be repeated here.

The present municipal supply at Bedford is taken from sev-
eral large wells situated in the valley of East One Hundred and
Two river which penetrate a heavy deposit of fine sand next to
the limestone. The practical difficulty in securing a sufficient
amount of water for the town lies in separating the very fine
sand from the water. Fortunately, over the county at large
water can very generally be secured by means of bored or dug
wells of no very great depth. Should a larger supply be re-
quired, the need may be met usually by a cluster of such wells so
related that a single pump serves all from the central well. Sink-
ing a single well to a greater depth may serve the same purpose.
For meeting the demands of the pasture, artificial ponds are re-
sorted to quite effectively.

Few wells are reported reaching to the rock. More rarely do
they enter it and no advantage seems to result. Most wells end
in gravel or sand. Some end in thé unmodified till, but such
wells are not likely to be constant. Dug wells are giving place
to bored wells which are sunk to a greater depth thus securing
greater constancy. Wells on the flood plains are constant at a
depth of twelve to twenty feet. The depth of a few wells in
different localities is given. They will serve as good represen-
tatives of all the wells of the county.

At the creamery at Bedford rock is reached at twenty feet.
In the southeast quarter of the southeast quarter of section 13,
Polk township, rock was encountered at ninety-four feet, claV
only being passed through in the drift. In the southwest quarter
of section 7, Ross township, there are two good wells which
extend seventy feet in the drift. In section 13, same township,
two wells, one of ninety and one of one hundred thirty feet, are
reported. Wood was found in each of these four wells indicating
that they end near the base of the Kansan drift. Near the mid-
dle of the west line of section 2, Washington township, wood was
encountered at the depth of seventy-seven feet, but no water was
secured. Wells near Ladoga have reached a maximum depth of
one hundred ten feet. At Clearfield water is secured at fifteen
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to twenty feet. Around Guss wells average about forty-five
feet, ending in blue clay. The public dug well at New Market
ends in gravel at a depth of fifty-eight feet. Water stands fif-
teen feet below the surface guite constantly. Other wells here
range in depth from thirty to sixty feet, depending measurably
upon a difference in the superficial altitude of the individual
well. About Gravity wells end in clay and range in depth from
forty to forty-five feet but are not constant. Fifteen miles north
wells of about the same depth, but ending in sand, are constant.

Springs—Natural springs are not common enough to be
relied upon very extensively. A few, however, of. exceptional
excellence occur. One is just east of the west line of section 34,
Clayton township. Another is reported from the southwest
quarter of section 21, Marshall township. Near the middle of
section 9, Mason township, there are three and another is in the
northeast quarter of section 10, same township. These springs
have their origin in about the same conditions as the seepages
spoken of in this report under the topic, Drainage. But in the
case of the springs the conditions prevail over larger areas and
the lay of the land brings the water to a single outlet rather than
to many. Indeed some of the seepage places might be made to
resemble at least temporary springs.

Forests and Forestry

Trees still occupy the flood plains of the streams in many
places, though the fertility of the alluvium of these plains has
led to their transformation from woodlands to tilled fields in
perhaps a majority of cases. A fringe of trees along banks of
the streams has been left not infrequently: This is particularly
to be commended, since the tree roots help to prevent wash which,
unrestrained, would result in meandering that ultimately would
mean the removal of all the alluvium over most of the flood
plains. The bluffsides that border the plains and the ravines
that gash the bluffsides as-well as other places where the topog-
raphy is too rugged to be cultivated are more or less tree clad.
But the stand of trees in all these places is of nature’s own
choosing and is wholly under nature’s care. TUsually these
places are pastured and the best nature can do is greatly marred
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and hindered, if not practically made valueless by the trampling
and browsing of cattle. Too often the trees prevent good pas-
turage and the stock prevent profitable tree growth. It is hard
to estimate the economic waste that ensues. It is certainly un-
fortunate that in such counties there is not at least one farmer
that, amid the multiplicity of things to which the tillers of the
soil have to give attention, does not see ‘what an opportunity is
here for the display of profitable effort in introducing an appli-
cation of the principles of forestry. The general impression
seems to prevail that only on a large scale can this be done by
lumbering corporations, for instance, or by the state, or nation.
As a matter of fact, however, the benefits of a judicious use of
- these principles might be experienced in hundreds of places in
Taylor county. A piece of rough land could be fenced, set out
with a choice selection of seedling trees, or planted with nuts
and seeds. With less care than an ordinary crop would require,
in a few years, it would become a wonderful object lesson: to all
beholders. The trimmings and thinnings would soon pay for the
trouble in making them and at the same time the value of what
remained would be enhanced by the operation. From being a
profitless acre, it would become a part of the farm to be reckoned
with, having a distinet and increasing value. Besides yielding
fuel and wood material always in demand about the farm for a
great variety of purposes and the ever more and more valuable
stand of timber, it puts a check to the wash of hillsides and to the
encroachments of the ravines by headward erosion into the tilled
fields, a process that is reducing the remnants of the tabular
divides more rapidly than is realized ordinarily. In many in-
stances too, the product of such erosion, if unchecked is spread
over the flood plains making waste land where before had been
rich alluvium only. The birds, those tireless, but too often unap- -
preciated friends of man, would find added encouragement and
make inestimable returns for such encouragement. With a
small increase of time and efforf this area could be inecreased
until all the unprofitable part of the farm could be converted into
a remunerative tract competing with the better portions in eco-
nomic efficiency.
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By observing the kind of trees found growing naturally in the
county, no mistake could be made in selecting species adapted to
the local conditions of soil and climate, though other valuable
species known to flourish elsewhere under quite similar condi-
tions might be sparingly introduced by way of experiment. The
following trees were noted in thrifty condition: Juglans nigra
L., Black walnut; at home in all parts of the county; Carya
ovata K. Koch, Shell-bark hickory; Quercus alba L, White
oak; Ulmus americana L., White elm; Tilia americana L., Bass-
wood; Acer saccharinum L., White maple. These are among
the more valuable kinds more commonly seen. Butternut and
pignut hickories, a half dozen other species of oak, the honey
locust, the black cherry, two species of ash and several other
kinds were not uncommon. A few specimens of the hard maple
were seen along the streets of some of the towns. Its value in
so many ways ought to make it a popular tree for general plant-
ing.
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GEOLOGY OF CLARKE COUNTY

INTRODUCTION

LOCATION AND AREA

Clarke county is in the southcentral part of Iowa. It is just
west of a north and south line through the central portion of the
state and in the second tier of counties from the Towa-Missouri
state line. It has Madison and Warren counties upon the north,
Lucas upon the east, Decatur upon the south, and Union upon
the west. The twelve congressional townships are everywhere
conterminous with the civil townships, each containing thirty-six
sections, a total of 429 square miles instead of 432 square miles
(since one series of sections is fractional), comprising Town-
ships 71 to 73 North, Ranges XXIV to XXVII West of the Fifth
Principal Meridian.

PREVIOUS GEOLOGICAL WORK

Previous geological work within the bounds of the county is
very meager; but geological work outside of the county bearing
upon formations within the county is extensive. In the field
work of 1855-7, confined largely to the northeastern and eastern
portions of the state, the unconformity between the Carbonifer-
ous and what is beneath it was noted®. Hall quotes Professor
Swallow’s Geological Report of Missouri? in which the fossilif-
erous limestones and calcareous shales found along Missouri
river south from Clarke county are referred to the ‘‘Upper Coal
Measures’”®, or Missouri stage, as it is now called. When White
published his ‘“‘Geology of Towa’’ in 1870 he found it necessary
again to combat a previous error that had gained further prom-
inence since the Hall report was published, and to offer
substantial proof that these same limestones did in reality be-
long to the Missouri stage* and not to the St. Louis stage. His
" 1James Hall, Geology of Towa, Vol. I, Part I, p. 117 and p. 120, 1858.

185;(}' C. Swallow, Geological Reports of Missouri, I and II Reports, p. 81, footnote,

3James Hall, Geology of Iowa, Vol. I, part 1, p. 135, 1858,
sCharles A. White, Geology of Iowa, Vol. I, pp. 242-245, and note on p. 248, 1870.

(109)
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own work was largely on the outcrops near Winterset, Madison
county, but he recognized and applied his deductions to all of the
corresponding limestone in Iowa to the south and west, which
area includes Clarke county. White’s description of Clarke®
county occupies less than a page and a half, due to the very brief
time permitted for the work. In several other parts of his re-
port he makes incidental reference to the county. Opposite
page 32 he includes all of Clarke county in the region of the
““Upper Coal Measures’’. Neither on page 256 nor elsewhere
does he mention the beds of limestone northwest of Osceola, pos-
sibly because they are a little to the east of the direction which
he names. On page 265 Clarke county is mentioned with other
counties underlain by the ‘‘coal measures’’, and on page 312 it
is mentioned with reference to stone. The discussion on page 262
with reference to search for coal is as applicable now as when it
was written. On page 93, Vol. IT of the same report, reference
is again made to the border outcrops of the Missouri stage. On
page 408 certain railroad levels are named within the border of
the county, and in the final map the county is again represented
as entirely within the bounds of the ‘‘Upper Coal Measures’’.

In the present series of reports Keyes® mentions Clarke
county as a county underlain by coal measure strata, in which
prospecting for coal need not go below a depth of 400 feet; and
Hinds” mentions it in a similar manner, with additional reference
to recent borings at Leon. Beyer and Williams® in the Geology
of Iowa Quarry Products give a page to the quarry sections near
Osceola, three analyses of limestone, one of shale, and a directory
of Clarke county limestone quarries. In eight of the reports on
Mineral Production in Iowa® the county is listed as a producer
of stone, and in one report (Vol. XI) as a producer of clay and
brick, with the value of the output given in each report. Bain®,
in tracing the limestone of the Missouri stage, refers to the
“fragmental limestone’’ at the base of it as unfossiliferous near
Osceola, and Leonard" refers to several trips to Clarke county

5Charles A. White, Geology of Iowa;, Vol. I. pp. 316-318. 1870. '

°C. R. Keyes, Coal Deposits of Iowa: Iowa Geol. Surv,, Vol. II, p. 451, 1894.

"Henry Hinds, The Coal Deposits of Iowa: Iowa Geol. Surv Vol. XIX, p. 217, 1909.

*S. W. Beyer and Ira A. Willlams, The Geology of Qua.n'y Products: Iowa Geol.
Surv.,, Vol, XVIT. See pages 486-7, 532, 538 and 563,

»Towa Geol. Surv., Vols. VIII, IX XII, XV, XVI, XVII, XVIIT and XIX.

°H T, Bain, leestone at Bethe,ny Mo.; Am. Jour of Sci.,, Vol, V, June, 1898.
HA, G. Leonard, Iowa Geol. Surv,, Vol.' VII, p. 29, 1896.
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to study the Missouri limestone. In the Geological Map of Iowa,
1905, the county is represented as almost entirely within the area
of the Missouri limestone.

On areas outside of Clarke county much has been done since
the ¢“White Survey’’ (1870) that contributes to the comprehen-
sion of conditions found within the county. .On the north, Madi-
son'* and Warren counties have been described in this series of
reports, and on the south, Decatur. The Aftonian gravels and
bogs in Union county on the west have attracted widespread
attention. The stratigraphic work in Kansas especially, and in
northern Missouri®®, assist in the correlation of the Des Moines
and Missouri strata in Towa; and the extensive work throughout
the northern states in recent years has led to rapid advance in
knowledge of glacial and interglacial deposits and relations, all
of which discussions and reports present principles that find
their application and illustration right here in Clarke county.
Other reports than those named are too numerous and on areas
too distant to be listed here.

PHYSIOGRAPHY

Topography

To one riding along the upland and looking out over distant
farms the country presents the appearance of an extensive plain,
beneath the level of which the different streams have cut their
way. The highest ground of this upland is a divide entering the
county in the southwestern part of Madison township, curving
southward to Murray, then east to Ward township, then south to
Knox township, then east to near the eastern part of Knox town-
ship, and then south beyond the county line. To the north of
this zigzag line the drainage is to the northeast, toward South
river and the Des Moines. To the east it is toward White
Breast creek and Chariton river. To the south and west it is
toward Grand river and the Missouri. From this part of the
great divide of the state the upland slopes gently to the east and

ZMadison county is described in Volume VII of the present series, Warren county
in Volume V, and Decatur county in Volume VIII, The Aftonian gravels of Union
county are described in the Proceedings of the Iowa Academy of Sclence, Vol. V,
rp. 86-101, and the Buried Peat Bed in the same county is described m the Pro-
ceedings of the Towa Academy, Vol. XI, pp. 1038-109.

11See especially the report of Hinds and Greene. The Stratigraphy of the Penn-

sylvanian Series in Missouri, Missouri Bureau of Geology and Mines, Vol. 13, Sec-
ond Series,
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to the southwest, reaching out as lobes between the river valleys,
with smaller lobes between the tributary creeks, and still smaller
lobes between the ravines, all a part of the extensive and rich
upland that slopes east from ome divide to the next toward the
Mississippi on the east; and more unbrokenly in a line west and
southwest along parallel divides to Missouri river. Could we
but view this wide domain in one broad glance we should see it
as a part of the dissected Kansan plain extending out over all of
southern Towa to the moraines of the Illinoian drift on the east,
to the faint margin of the Iowan drift plain northeast, to the
Wisconsin drift plain north of Des Moines, and northwestward
to the distant corner of the state. Southward we should see it
stretch out into Missouri toward a part of the great upland plain
to which Marbut has there given the name, Gentry Platform?:.
Marbut’s terms, based as they are on structural features con-
cealed in Clarke county by heavy deposits of drift, are not here
serviceable. If the drift were removed the northeast half
of the county would unquestionably form a part of the ‘“War-
rensburg Platform’’, the uplands of the southwestern half a dis-
sected part of the ‘‘Gentry Platform’’, and a narrow margin
from one-half to three miles wide between these two parts and
extending westward along valleys would form a part of the
“‘Lathrop Plain’’, maintained by the resistance of the Hertha
(Fragmental) limestone.

Could we but look back in time we should behold this beautiful
upland as a part of a low-lying ground moraine left as the great
Kansan ice sheet gradually melted away and lakes and pools on
the uneven surface sluggishly sought outlet from one depression
to another. In the course of untold centuries we should see the
" surface deposits of this extensive® plain gradually converted into
its present rich gumbotil*® soil, then uplifted and subjected to
rapid stream erosion. While changes occurred elsewhere as one
sheet after another crept into the state and melted away, the
effect here is largely recorded only in long-continued erosion,

1uC, F. Mdrbut, Missouri Geological Survey, Vol. X, pp. 45-49, 71, 72, 1896.
sGeo. F. Kay, Some Features in the Kansan Drift in Southern Iowa: Bull. Geol.
Soc. America, Vol. 27, pp. 115-117.
1Geo. I'. Kay. Gumbotil, a New Term in Pleistocene Geology: Science, N. S,
Vol. 44, pp. 637-638, 1916,
v
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though in the earth movements the valleys formed here were
later slightly silted up and then retrenched to their present con-
dition.

As we view the landscape now we find that the ravines are
near their heads first depressions sloping from the upland, then
shallow valleys with rain water trenches, then deeper valleys
without streams except in wet weather, then larger flat bottomed
valleys; then, along the largest of the creeks, broad bottom lands
made flat in part by alluvial deposit, from which the surface in
many cases slopes gently upward toward distant high ground,
or rises steeply to the crest of a neighboring lobe from the up-
land.

‘White Breast creek presents an excellent illustration of condi-
tions near the head of a stream. Close to the west boundary of
Ward township are the first low sags in the upland, here at 1,216
feet above sea level, that direct present drainage toward the
creek. Three miles to the east the channel is about twelve feet
deep and carries all of the drainage except in severest floods.
Then the overflowing waters erode rather than deposit. In an-
other three miles the trench is 120 feet below the upland. In
those three miles the insides of the bends are found to contain
deposits like enlarged sand bars, with partly buried trees reach-
ing out of them; and narrow border plains appear here and
there about two feet below the wider bottom land with lobes from
the upland fading out toward the creek bottom. Kven in this
short distance what was an erosional flood plain has become a
small flood plain containing alluvial deposits. Throughout
the remainder of the course in the county the sweep of the bends
becomes larger, the flood plain more noticeable, and pools of
water that occupy only favored places in dry weather overflow
in minute rills as rain comes on, at times the rain filling the
trench with a rushing torrent. South of Woodburn the bottom
of the trench is 158 feet below the upland. Thus in the first tive
miles the creek bed has been cut to its general depth below the
upland and has begun to develop evidence of a flood plain.
The upland (Kansan plain) slopes from about 1,160 feet above
sea level west of Osceola to 1,053 feet south of Woodburn, as
determined by a barometer and the railroad elevations at Osce-

ola and Woodburn.
8
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The extreme relief ih the county, between the creek bottom
east of Woodburn and the upland at the west county line, is 281
feet.

ELEVATIONS.

GANNETT'S BAROMETRIC
DiCTIONARY . LEVELS
OF FroM
ALTITUDES RAILROAD
Woodburn, railroad station.......... 961 ft.
Upland south of Woodburn.......ooevivienreerninennnnnns 1100 ft.
Creek bed at WoOoAbUID. .. .vvt it ineriiae e innrernnnn 943
0Osceola .......ciiiiiiiiiiiiiiiian 1132
MUITay . iviieriiieiietininnenanns 1216
Bottom of large ravine beneath rail- R
road bridge near west county line...........covvnvernn.. 65 ft. below track
Upland, west county line, near track..........vovveriinnnn. 25 ft. above track

Base of Hertha limestone (Frag-

mental) northwest corner of Osceola

BOWNShID .. . e e e e 1012 t.
Weldon, close to south county line....1147

Drainage

The courses of some of the creeks deserve attention. In Ward
township Squaw creek flows southeast for a mile in section 10,
then south for a mile, then nearly east for a mile and a half,
then north for two miles and a half. This is the most pronounced
peculiarity in the county, but there are several less conspiecnous
ones along Squaw, Otter and White Breast creeks. How much
such peculiarities are due to irregularities in the original sur-
face of the Kansan drift independent of Aftonian topography,
how much to the imperfectly concealed hills and valleys over
which the Kansan drift was laid down (Aftonian topography),
how much to disclosure of concealed valleys and of hills of re-
sistant rock as erosion progressed, modifying the drainage plan
since the disappearance of the Kansan ice, and how much they
were favored by crustal movements, it is impossible to say. That
the present drainage plan is really post-Kansan is evident, since
the ravines are trenched through the Kansan drift into the
Nebraskan drift, leaving the Kansan drift exposed along the
ravine sides, How much the Aftonian topography influenced the
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post-Kansan lines of erosion it is impossible to determine since
it cannot generally be ascertained whether the drift beneath the
larger valleys is Nebraskan drift, or Kansan drift filling pre-
Kansan valleys; though with Nebraskan on the hillside we may
reasonably infer that drift beneath the valley is also Nebraskan.

There is little evidence within the county as to the general di-
rection of preglacial drainage. The great thickness of drift from
northwest to southeast along the east of the Missouri limestone
in the central part of the county, indicates the presence of a
preglacial valley lying along the front of the limestone; and the
presence of other valleys now filled with drift reaching back into
the area of the Missouri limestone, as north of the quarries north-
west of Osceola, indicates drainage from that direction toward
the front of the limestone; but these preglacial valleys have not
determined the post-Kansan drainage lines. Fven in the Mis-
souri limestone region northwest of Osceola the creeks are in
places on beds of limestone and in others on drift filling the old
valleys. .

In the mortheastern and eastern portions of the county the
streams flow over thick drift with scarcely an outerop of under-
lying strata. The valleys there are wide, and the beginnings of
flood plains are evident. The streams that flow south from the
divide flow through valleys that are narrower but not deeper,
with drift everywhere evident, and in one region (west of Mur-
ray) with late Aftonian interglacial bogs marking concealed val-
leys.

Such relations all support the conclusion that the present
drainage does not conform with either the pre-Kansan (Afton-
ian) drainage, nor with the preglacial, but is post-Kansan. Along
minor lines the ravines are in the gumbotil, that was developed
in the former surface portions of the Kansan drift, and bear
evidence of erosion renewed under local and present conditions.”

A few other features claim attention. Here, as in other coun-
ties in this part of the state, valleys extending north and south
have sides with but slightly different gradient; valleys extend-
ing east have south facing sides with gentle slope and north fac-
ing sides that are steeper. Doubtless this latter characteristic,

"John L. Tilton, Pleistocene Deposits of Warren County, Iowa, p. 39. 1911.
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often noted elsewhere, was best explained by Calvin'®* who
attributed it to more rapid disintegration due especially to more
frequent freezing and thawing in a south facing slope than in a
north facing slope. Such gentler slope back to the north than
to the south is more noticeable along South river in the north-
ern part of the county and along Otter, White Breast and Char-
iton creeks in the eastern portion of the county, but even here the
feature is not so pronounced as it is farther down along the val-
leys of the same streams. While the effect of the earth’s rota-
tion and of possible uplift in Western Towa can be tested in the
region of which Clarke county is a part, it does not seem advis-
able to attempt a discussion here. Clarke county is not suffi-
ciently extensive in area to contribute much information.

STRATIGRAPHY
GENERAL RELATIONS OF STRATA

The formations in Clarke county represent three series: the
Pennsylvanian, Pleistocene and Recent series. The lowest por-
tions of the Pennsylvanian series are the shales and sandstones
of the Des Moines stage. These are not now to be found out-
cropping within the county though at times erosion may bring
small portions of them to light. They are now concealed beneath
heavy deposits of drift. Tt is the upper division (Pleasanton) of
the Des Moines stage which immediately underlies the drift in
the entire northeastern half of the county. The strata of the
Des Moines stage where found in adjacent counties give evidence
of deposition in shallow and brackish water, with swampy con-
ditions at times where the remains of plants were left that
formed coal, and where sluggish streams wound their way to
outlets beyond. Such conditions alternated with those of more
open water along shore, where mud was deposited that later be-
came shale, and even alternated with still more open water suit-
able to the formation of calcareous deposits that later became
limestone.

Next above the strata of the Des Moines stage in the south-
western half of the county, but wanting in the northeastern half
of the county, are the limestones and shales of the Missouri stage.

g, Calvin, Geology of Johnson County: Iowa Geol. Surv.,, Vol. VII, p. 51, 1896.
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To these belong the limestone beds that are quarried in a few
places. That these beds are marine in origin is evident from
the numerous fragments of marine forms of life which they con-
tain, the heavy beds ten and more feet in thickness giving evi-
dence of prolonged conditions of open sea suitable for the growth
of the lime-secreting plants and animals from whose remains the
rocks are so largely made. With these beds of limestone are
also beds of shale, from mud formed when widespread conditions
in the same area either did not favor abundant growth of marine
forms or favored thicker deposits of mud than of more calcar-
eous deposits. The surface of the Missouri formation (and of
the Des Moines formation where it is exposed elsewhere) is
found to be disintegrated by processes of weathering which were
in progress prior to the time when the surface was covered up by
the later Pleistocene deposits.

The second series, the Pleistocene, is represented by two
bowlder clays, the Nebraskan and the Kansan, and by such other
deposits as were formed prior to the advent of recent time. The
bowlder clays are masses of clay, sand, pebbles and bowlders of
many kinds brought here under glacial conditions. The weather-
ing of the surface of the lower, or Nebraskan drift, into a gum-
botil occurred in early Aftonian times; hence Nebraskan gum-
botil marks the Aftonian stage.”* Here also belong peat and
muck formed in Aftonian time. Deposits of sand and gravel
belonging to this stage have not been seen in place.

The weathering of the surface of the Kansan drift into a
gumbotil occurred in Yarmouth times, hence the Kansan gum-
botil marks the Yarmouth stage.?® Other deposits that may have
been formed in Yarmouth time have been removed by later ero-
sion, or are not to be distinguished from later deposits. Since
the valleys in the Kansan drift began to form in Clarke county
three other glacial stages later than the Kansan (the Illinoian,
Towan and Wisconsin) and two inter-glacial stages (Sangamon
and Peorian) have intervened; their deposits are found in other
parts of ITowa.

Loess is scarcely to be recognized as a deposit.
ot B S 00, 6, 8, lehn, The foen Bulize Pvigy of e Bsencs

®Kay, Geo. F.. Some evidence regarding the duration of the Yarmouth interglacial
epoch: Science, Vol. 43, page 398, March, 1916.
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The third series, the Recent, is represented by the alluvial
deposits in process of formation in the valleys. At the present
time the various deposits exposed at the surface are undergoing
the processes of weathering. Much of the soil washed from the
hillsides is carried away by the streams, but some of it is depos-

ited on lower levels,

All of these formations will be described more in detail in,the
pages that follow.
The relation of these various formations is expressed in the
following table:

"SYNOPTICAL TABLE.

GrouP

SYSTEM

SERIES

StaGE

SUBSTAGE

CHARACTER OF

Rocks
Alluvium and
other surface
Recent soil
Gumbotil (Kan-
Yarmouth san)
. : ) Drift (bowlder
Cenozoic Quaternary Kansan clay)
Pleistocene Gumbotil
: Aftonian (Nebraskan)
Peat and muck
Drift (bowlder
Nebraskan clay)
'Westerville |[Limestone
Chanute Shale
De Kalb
(Drum) |Limestone
Cherryvale |Shale
Winterset |Limestone
Galesburg |Shale
Missouri Bethany
Falls
(or Earl- .
ham) Limestone
. Shale
Paleozoic Carbonifer- Pennsyl- Ladore
ous vanian Hertha (or
Frag-
mental) Limestone
Pleasanton |Shale (not
' found exposed)
i Oswego (or |Limestone (not
Des Moines | Appa- exposed)
. noose)
N Cherokee Shale (not ex-
posed)
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In the above table the universally accepted names of the
groups, systems and series need no explanation. The stage terms
Kansan and Aftonian are also universally accepted. For a long
time the bowlder clay beneath the Aftonian interglacial deposits
was called the pre-Kansan drift or the sub-Aftonian drift. In
1909 Shimek* proposed the name Nebraskan as especially ap-
propriate for this drift, a name now generally recognized. In
1916 Kay proposed the term gumbotil.?® The stage terms Mis-
souri and Des Moines proposed by Keyes*® have long been used
in Towa and have been recognized in other states. The Missouri
is essentially White’s ‘“‘Upper Coal Measures’’, and the Des
Moines essentially White’s ‘‘Lower Coal Measures’’ and ‘‘Mid-
dle Coal Measures’’ combined; but the base of the Missouri is
the bottom of the Hertha limestone (the ‘‘Fragmental’’, to be
described later), and the base of White’s ‘‘Upper Coal Meas-
ures’”* is a one and one-half foot limestone seventy-seven feet
below the bottom of the Hertha (the ‘‘Fragmental’’) as described
in White’s Winterset section. Bain,* in describing the ¢‘ Upper’’
and ‘‘Lower Coal Measures’’ of the Western Interior Coal Field
does not follow White’s use of the terms in Jowa but makes the
dividing plane between correspond to the plane marking a faunal
break (at the base of the Hertha limestone), thus for Iowa, mak-
ing “Lower Coal Measures’’ synonymous with Des Moines for-
mation, and ‘‘Upper ‘Coal Measures’’ synonymous with Missouri
formation.

Westerville and De Kalb are adopted from the report on the
Geology of Decatur County,*® De Kalb replacing the descriptive
name Fusulina limestone of the Winterset section. Both names
are names of towns in Decatur county. Winterset, applying to
certain heavy beds of limestone found in the uplands near Win-

uB, Shimek, Aftonian Sands and Gravels in Western Iowa: Bulletin of the
Geological Society of America, Vol. 20, D. 408, 1909.
2Geo, F. Kay, Gumbotil, a New Term in Pleistocene Geology : Science, N, 8., Vol.
44, pp* 637-638, 1916.
R. Keyes Towa Geological Survey, Vol. I, p. 85, for 1892, See also American
Geologist Vol., XVIIT, pp. 22-28, 1896, and ITowa Geolon'lcal Survey, Vol, II, p. 68.

#Charles A. Whlte Geology of Iowa, Vol. 1, p. 246. 1870.

#zH. F. Bain, The Western_Interlor Coal Field, Twenty-second Annual Report U. S.
Geol. Survey, pt. 3, pp. 340-343, 1902, quoted by Bailey Willis in Professional Paper
71, Index to the Stratigraphy of North America, pp. 456-458, 1912,

I, F. Bain, Geology of Decatur County: Iowa Geologlcal Survey, Vol. VIII, pp.
268 and 276, 1897; also, The Limestone of Bethany, Missouri: Am. Jour. of .
Vol. V, p. 438, June, 1898. In Hinds and Greene's Stratigraphy of the Pennsylva.ma.n
in Mlssourr publlshed after the present report was completed, the Westerville is con-
sldered the equivalent of the Cement City, Broadhead's No. 90. See pages 27 and
115 of the report named.
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terset, was proposed in the ‘‘Geology of Madison County’’.*"
Earlham was proposed in the same report for the beds of lime-
stone quarried extensively at Earlham,* Madison County, a name
that should now be replaced by Bethany Falls.”® The name Beth-
any Falls limestone was originally given by Broadhead to his
No. 78, over which the water of Big creek plunges at Bethany
Falls, Missouri. For a time since then this name was applied to
the whole series of formations exposed in the Winterset section.*
Bain correlated Broadhead’s No. 78 with the ‘‘Fragmental’’
(Hertha) at Winterset, a correlation that is now proven by F. C.
Greene to be incorrect. Broadhead’s No. 78 corresponds to the
Earlham limestone. Hence the term Earlham should now give
way to Bethany Falls, which name was proposed in 1862.*
Fragmental, used by White* as an adjective in the desecription
of his No. 4, Winterset section, and later used as a name in the
reports on Madison, Guthrie and Decatur counties® is here re-
placed by the geographic name Hertha, proposed by Adams,
Girty and White.** Ladore, Galesburg, Cherryvale and Chanute-
are names adopted from Kansas; also Cherokee, Oswego and
Pleasanton.®*®* Bain has used ‘Appanoose® for an intermediate
division between the Cherokee and the Pleasanton.

CARBONIFEROUS SYSTEM
" Pennsylvaniam Series
DES MOINES STAGE.
The Des Moines formation lies next beneath the drift north-
east of a line drawn roughly from the northwest corner of Wash-

“Tilt%n and Bain, Geology of Madison County: Iowa Geol. Survey, Vol, VII, p.
6§12, 1896,

”Idem, pp. 511-512. See also Geology of Guthrie County, same volume, p. 449,

»John L. Tilton, The Proper Use of the Geological Name, Bethany, Proceedings
of the Iowa Acad. of Science, 1913.

MSee reports cited on Ma.chson, Dallas and Decatur counties, Jowa Geol. Survey,
Viols. VIIT and VTIII; also the following: H. ¥. Bain, Am. Jour. of Sci.,, IV, Vol. II,
pp. 221-225, 1896; The Bethany Limestone of Bethany, Missouri: Am. Jour. of Sci.,
Vol. V, p. 433, June, 1898; The Geology of Guthrie County: Iowa Geol. Survey, Vol.
VII, p. 450, where the discussion is summarized up to that time, 1896. C. R. Keyes,
Formational Synonomy of the Coal Measyres of the Western Interior Basin: Proc.
Towna Alcad. Sei.,, Vol. VII, p. 86, 1900. . L. Smith, The Carboniferous  Section of
Southwestern Iowa: Iowa Geol. Survey, Vol. XIX., pp. 614-620,

BBroadhead, Trans. St. Louis Acad. Sci.,, Vol. II, p. 311, 1862. See also No. 78 in
the Missouri Geol. Survey Report on Iron Ore and Coal F‘lelds pt. I1, p. 77, etec., 1873.

32Charles A. White, Geology of Iowa, Vol. I, p. 246, 1870.

B3Towa Geol. Survey Vol. VII, pp. 512-513 and 448 ; and Vol VIII, p. 280.

#Bulletin 211, U. S. Geol. Survey p. 35, 1903.

BErasmus I—Ia.wor-th, Kan. Univ. Quar,, Vol. I1I, p. 247, 1895; Univ. of Kan. Geol.
Surv,, Vol. 1, pp. 150-151, 1896 ; Vol. III, pp. 21, 30 and 39; also correspondence with
Mr. ¥. C. Greene. For early acceptance in Iowa see Iowa Geol. Survey, Vol. VIII,
pp. 82 and 269. See also Bulletins 211, 238 and 296, U. S. Geol. Survey; and Pro-
fessional Paper 71, table, p. 458, 1912,

¥H, F. Bain, Geology of Appanoose County: ITowa Geol. Survey, Vol. V, p. 378, 1895
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ington township southeast through Osceola to the southwest
corner of Franklin township. . There is but one place at present
where the strata are visible, so completely is all concealed be-
neath the drift. That place is in section 4 of Franklin township
(southeast quarter of the southeast quarter). Sixteen inches of a
brownish clayey shale beneath the Hertha limestone appears
to mark the top of the Des Moines strata. A few residents have
mentioned localities where strata were once visible, or had been
encountered in shallow wells, but in no case were strata found
exposed. It is very probable that in the changing courses of
the streams the shales of this formation may be slightly ex-
posed in places at one time and concealed at another time.
Nearly all of the wells within the area end within the drift, in
which an abundance of water is obtained for ordinary needs
except in extreme drought.

In sections 2 to 4 of Washington township the bottom of the
Hertha limestone, and consequently the top of the Des Moines
formation, is in the hillsides along the ravines. In section 24 of
Washington township (southeast quarter of the southeast quar-
ter) a well record gives no stratified rock at a depth of ninety-
eight feet, in a location where limestone would have been en-
countered if the Missouri formation were present. At Osceola
the well at the Howe hotel is said to reach a depth of one hundred
and ninety feet without penetrating limestone; but at the new
city well a block to the west twelve feet of limestone (Hertha)
were encountered at a depth close to two hundred feet. In sec-
tion 28 in Franklin township (northwest quarter of the north-
west quarter) Mr. W. M. Wood reports the presence of eight
inches of coal at a depth of fifty feet, which would be fourteen
feet below the bed of Chariton creek near by. Half a mile east
of Woodbine and near the railroad a shaft is said to have been
sunk two hundred feet deep for coal twenty-five years ago. Of
this shaft no record whatever is obtainable. The abundance of
iron in the water of the city well at Woodbine strongly suggests
the immediate proximity of iron in coal; but here also no record
is available. Close beside a bridge in the northwest corner of
section 6, Osceola township, the Hertha limestone is visible, be-
neath which and within a few feet is the top of the Des Moines
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formation. In section 4 of Franklin township a few square feet
of limestone are visible which are thought to be Hertha lime-
stone. If this judgment is correct the top of the Des Moines
formation is a few feet below the bed of White Breast creek at
this place. North of section 3, Washington township, at a point
on the south bank of South river in Madison county, the top of
the Des Moines formation is visible twenty-four feet above the
bed of South river. Here it consists of two brownish, weathered
sandstone layers each about a foot thick with a foot of clayey
shale between,
MISSOURI STAGE
HERTHA LIMESTONE

A small exposure of Hertha limestone may be seen in the
bed of South Squaw creek in section 6, Osceola township
(northwest quarter of the northwest quarter), two hundred
feet west of the iron bridge. Here one foot and eight
inches of limestone is visible, as is shown in figure 18. It has

Fi1a. 18.—Hertha limestone: A small exposure may be seen in the bed of South Squaw
creek in the northwest quarter of the northwest quarter of section 6 of Osce-
ola township, Clarke county, about two hundred feet west from the jron
bridge. At this point one foot and eight inches of. the limestone is visible,
It has the usual fragmental character and contains numerous Composita
(Seminula) subtilita, the common fossil of this stratum, ,
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the usual fragmental character and contains num-
erous Composita (Seminula) subtilita, the common fossil of
this stratum. It is the only outecrop of the Hertha
found in this portion of the county. It lies at 1,012
feet above sea level, about 57 feet below the bottom of the quar-
ries of Bethany Falls (Earlham) limestone a mile west, and 120
feet below the level of the upland. To the south and west a gentle
slope rises to the low escarpment of the Bethany Falls lime-
stone a mile west, as if determined by the presence of resistant
limestone at this level; but, though pieces of limestone are seen
immediately above the limestone at the outcrop, no other evi-
dence of it is found, not even in the valley sides down the creek.
The sharp termination of this resistant stratum within so short
a distance from the Bethany Falls limestone, with all strata to
the east concealed beneath deep drift, is strong evidence of the
great preglacial and pre-Kansan erosion to which these beds
have been subjected.

In section 4 of Franklin township (northwest quarter of the
southeast quarter) two thin layers of gray limestone with five
inches of clayey shale between appear in the side of the creek
bottom. The upper limestone is three inches thick, the lower
limestone four inches thick. Half a mile down stream frag-
ments of this limestone have been removed for use. Beneath the
limestone at this point sixteen inches of a brownish clayey shale
appears. Across the flat to the north the same layers of lime-
stone are said to form the bottom of a well on low ground (north-
west quarter of the southeast quarter of section 4). In the north-
east quarter of the southeast quarter of section 4, near the
bridge, limestone has also been quarried and used in the founda-
tion of a house. Some of the pieces are eight inches thick, with
scarcely a trace of fossils, though one, apparently Chonetes, was
found. These outcrops occur four miles east of a small ledge
that is thought to be of Bethany Falls limestone (Earlham) and
seem to be the thinned out eastern margin of the Hertha. The
purity and thickness of the limestone and the character of the
fossil found forbid reference of the layer to the Des Moines
formation.

In the center of section 34 of Ohio township, Madison county,
immediately north of the center of section 3, Washington town-
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ship, Clarke county, South river in cutting into the bluff has
undermined six large masses of Hertha limestone, allowing them
to settle twenty-four feet into the bed of the river. Ome of the
fragments favorably situated for measurement gave a thick-
ness of four feet and ten inches. On its surface were numerous
fragments of Composita (Seminula) subtilita and of crinoid
stems, a gasteropod with low spire (Naticopsis?) and Hustedia
mormoni. This limestone is at the level of the river bed in sec-
tion 5 of Washington township. HKast of the outerop named no
evidence of the limestone has been found in Madison county nor
in adjacent portions of Clarke county. In Warren county there
are outcrops northwest of New Virginia in outliers cut off by
South river from the more extended strata between Truro and
St. Charles.

The eastern margin of the Hertha limestone—While the east-
ern margin of the Hertha limestone, concealed as it generally is
beneath heavy deposits of drift, cannot be traced with certainty
at all points across the county, the above deseribed outerops
fix certain places where the margin is known, two well records
in the uplands determine the absence of the limestone at those .
points, and the erosion of river valleys and ravines below the
level of the limestone with no trace whatever of the limestone in
the hillsides, gives fairly trustworthy evidence that the lime-
stone is there absent. The eastern border is judged to enter the
county near the western line of section 1, Washington township
and extend southward for about three miles where it is con-
cealed beneath the drift. It lies west of the southeast quarter of
the southwest quarter of section- 24, where the well of Mr.
Switzer, situated fifty feet above the level of Squaw creek, ex-
tends to a depth of ninety-eight feet without reaching solid rock.
From this re-entrant angle the line probably runs parallel to the
Bethany Falls limestone there exposed, to the northwest corner
of section 6, Osceola township, where its location is fixed by the
outerop in the bed of Squaw creek. The line then curves south-
east, passes east of the outcrops of Bethany Falls limestone
(Earlham) in the hillside near the northwest corner of section
8, and then curves south passing east of Osceola. Somewhere
in the divide south of Osceola it apparently extends past Con-
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cord and around the few small outerops in section 4 of Franklin
township, from which place it turns southwest through the up-
land. The margin is certainly west of section 28, where Mr.
Wood reports coal fourteen feet below the bed of Chariton creek.
It apparently turns southward in the upland and crosses the
county line near the southwest corner of Franklin township.
Only drift has thus far been found south of Chariton creek in
Franklin township.

LADORE SHALE

The Ladore shale has been seen in but one part of the county.
In section 1 of Ward township (northwest quarter of the north-
west quarter) a recent trench cut by rain water reveals a foot
and a half of gray shale beneath the limestone there quarried.
As the distance vertically from the base of this limestone to the
top of the Hertha where it is exposed a mile east is about forty-
eight feet it may be assumed that this is somewhere about the
thickness of the shale. Four feet of the shale is exposed also in
a trench three-quarters of a mile to the southeast (section 1 of
Ward township, the southeast quarter of the southeast quarter).
The ease with which the shale was eroded compared with the
difficulty with which the heavy beds of limestone below and above
it were eroded led to the formation of a Bethany Falls escarp-
ment in preglacial and pre-Kansan times. Now the glacial
deposits largely conceal the escarpment and fully conceal the
shale beneath the overlying limstone.

BETHANY FALLS LIMESTONE (EARLHAM)

The Bethany Falls limestone is well exposed at old quarries
two to three miles northwest of Osceola. A series of exposures
may be seen extending from a ravine side in section 36 of
Washington township (southwest quarter of the southwest quar-
ter) eastward around a lobe of the upland and then westward
and southward along both sides of a ravine through section 1
and along the east section line of section 2 and the section line
between sections 11 and 12. Traces of the limestone may also
be seen for a few rods along the west center of section 6, Osceola
township. KEastward the limestone ends in the upland of section
6. Along the ravine through section 1, Ward township, may be
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seen a short stretch of scenery unique for the county, equalled
in this part of the state only by the gorges southwest of Winter-
set. For a mile the ravine is a canon cut through the limestone,
with gorges that extend out through the eliffs to the south. Here
the various ledges of limestone may be traced southward till
they disappear beneath the bed of the creek. Several old quarry
faces give excellent exposures of the limestone. This particular
ravine is best found by going down a ravine north from school
house No. 6, two miles west of Osceola.

In section 1 of Ward township (northwest quarter of the north-
west quarter), the following measurements were taken:

FELT INCHES

9. Limestone, gray, weathered into irregular layers;

Composita (Seminula) subtilite .............. 1 6
8. Limestone, gray, shaly ...........ccieivneinnn. 2
7. Limestone, gray; numerous crinoid stems...... [
6. Limestone, gray; crinoid stems.................. 1
5. Shale, Bray .......uiiiiiintiiieii e i 2
4, Limestone, somewhat buff, 1rregu1ar layers; .

Meekella and ChOnetes ...........ocivniiiuvnenn 5
3. Limestone, gray .......c.cieiiiiiimiiannaniann 9
2. Limestone, gray ........ecviueirtiinerirnnenaean 2
1. Limestone, gray (15 feet above bed of Squaw

[ 11 < 8

6 b

Tn the above section numbers 1 to 3 constitute essentially one
bed of limestone with a parting between 2 and 3. Numbers 4
and 5 are essentially one layer, and also 8 and 9. Numbers 3
and 6 are dense. In loose fragments close by Spirifer camerato
and Phillipsia were found. While numerous fragments of fos-
sils are to be seen in the weathered portions of the 11mestone,
perfect, or even identifiable fragments are rare.

Around on the south side of this projecting ridge of the up-
land (section 2, southeast quarter of the northeast quarter) a
more extensive section is obtainable as follows:

~ FEET INCHES
15. Soil, with fragments of limestone................ 3
14, Limestone, 8ray ......veeeeeiornrnene i nrnens 10
13. Limestone, yellowish. (13 corresponds to 4 in
the above described section and contains like
fossil fragments) ..........coiiriiiiiieeineann 11
12. Shale, gray ........... re e e e e
11. Shale and limestone..............c..ccveviu.an.
10. Shale, Bray . ...vvitiitr ittt eetenraaann
9. Limestone, gray ........c.civiiiiiiirainiiinnes 1

O H MmN
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8. Shale and irregular limestone; Productus

TONGISPINUS  « oo e i it cin et te e nnans 1 6

7. Limestone, gray ........ocvevurnrnenrnsnnsnsns o1 1
6. Shale, Bray ......cvirivrreetinnniensoinarana 5
5. Limestone, gray, dense............iiiuiviniinnen 6
4, Shale, buff ................. P 8
3. Limestone, gray, dense...........ovvvvuervnrnnnnn 8
2. Limestone, gray, dense.............ccvvieuiennnns 1 2
1. Limestone, gray, dense, exposed................. 6
13 0

These beds correspond to number 10 of the Winterset sec-
tion, as described in the Madison county report;*” numbers 13
and 14 correspond to numbers 5 and 6 of the Robertson quarry®
section near Farlham, and apparently, also, to numbers 5 and
6 of the section in Decatur county.*® This exposure is shown in
figure 19. '

16, 19.—Bethany Falls limestone (Earlham) : The exposure here illustrated i{s found
on the south side of a projecting ridge of the upland In the southeast quarter
of the northeast guarter of section 2 of Ward township, Clarke county.

. 73"11‘gl;:gn and Bain, Geology of Madison County: Iowa Geol. Survey, Vol. VII, p.

517, . Lo \ )
*Idem, p. 515,

189§H' I*. Bain, Geology of Decatur County: Iowa Geol. Surv., Vol V_III, pp. 279-280,
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Just back of school house No. 1 (section 2 of Ward township,
northeast quarter of the southeast quarter) the quarry face re-
veals: '

FEET INCHES

4. Limestone, weathered ..................... DR
3. Limestone, gray, with slight partings............ 1
2. Shale, Bray ...viririt ittt e 8
1. Limestone, of various thicknesses with shaly part-
ings, about 15 feet above bed of Squaw creek
Dear DYy .. ...t e e e 6 6
10 2

The creek bed crosses the lowest layers of the limestone in
the southwest quarter of the northwest quarter of section 12,
three-quarters of a mile south of the school house named, and in
another mile up the creek has crossed all of the beds of limestone
exposed in the valley.

To the east there is evidence of limestone in the hillside in
section 1 of Ward township (southeast quarter of the southeast
quarter), and also on the opposite side of the valley to the east,
but there is no exposure at which a measurement can be taken.

Limestone referred to this same horizon is also quarried in
section 14 of Green Bay township (northeast quarter of the
southwest quarter). The section found is as follows:

FEET INCHES
Limestone, yellowish (weathered) somewhat
fragmental; Composita (Seminula) sublilita
(54 1 2O
Shale, yellowish ........... ... i,

Limestone, gray, many fossil fragments......... 1
Limestone, gray, many fossil fragments..........
Limestone, gray, many fossil fragments..........
Limestone, -gray, somewhat fragmental, exposed
(about 5 feet above creek bed)................

hd

= DD 0O O
LA
OOI (2] [=rR~r] | R

The exact relation of this limestone is somewhat problematical,
though the argument seems conclusive that it is close to the base
cf the Bethany Falls limestone (Farlham). In the sequence of
strata the outerop fits fairly well the base of the limestone given
in the second description of strata found in Ward township
(section 2, southeast quarter of the northeast quarter) ; but num-
bers 1 and 6 are more fragmental than the strata in Ward town-
ship. The fossils found are Fusulina, Bryozoa, Crinoid stems,
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spine of Archaeocidaris, Composita (Semwnula) subtilita (some
very large) and Spirifer cameratus, an assemblage that might
be found in either the Bethany Falls limestone or in the Hertha,
but that strongly resembles that found in the Bethany Falls
limestone near Davis City in Decatur county.”® On the other
hand there are fragments of limestone in the western part of
section 1 which suggest ledges above this one that are concealed
in the hillside above the-level which the probable thickness of
the Hertha could reach; and five miles east-northeast are thin
outerops of a limestone which from its light gray color, purity,
and a fossil found there, is judged to be Missouri limestone
rather than Des Moines. *Further, in the Winterset section
there is no limestone beneath the Hertha for a distance of sev-
enty-seven feet, at which there is a ‘“bluish, shaly, impure lime-
stone’’ very different in character from the one found in section
4 of Franklin township. Consequently it seems best to refer
this lower limestone in Franklin township to the Hertha, and
the upper one, in section 14 of Green Bay township, to the
Bethany Falls limestone (Earlham). At Bethany Falls, Mis-
souri, this limestone is far more distinctly fragmental than it is
at this place, and its fauna is closely related to the fauna here
found.

The bed of South river in Washlnlgton townsh1p passes over
the level of the Bethany Falls limestone in section 5. The best
outerops of -the limestone beds in that vicinity are to be found
on Clanton creek three miles east of Barney.

The eastern margin of the Bethany Falls limestone—In at-
tempting to trace the eastern margin of the Bethany Falls lime-.
stone the same difficulties are encountered as in the endeavor
to trace the eastern margin of the Hertha., From the northeast
quarter of section 6, Washington township, the margin extends
southwest to the central eastern portion of section 12, Madison
township, where it is crossed by South river. From here it
turns eastward, and somewhere in the divide in the central por-
tion of WashmO'ton township it turns southwestward possibly
to the northwest portion of section 18, for it must lie west of the
margin of the Hertha, which in turn is not present in the south-

“H. F. Bain, Geology of Decatur County: Towa Geol. Surv., Vol. VIII, p. 280, 1898.
9
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west quarter of section 24, as determined by a well record. It
then turns southeastward and then eastward to where it is
crossed by a ravine in the hillside of section 36 (southwest quar-
ter of the southwest quarter). The margin here turns south-
ward into Ward township and appears on both sides of Squaw
creek as far as the center of the section line between: sections 11
and 12. It rounds the hill to the east, for it appears on both
sides of the large ravine through section 6. It is possible that
the limestone east of the ravine in section 6 is an outlier. If it
is connected at all with the limestone to the west it is through
the high ground at and near the southwest quarter of section 7,
Osceola township. It was not found either in the well at Ward
Hotel nor in the new city well at Osceola. Kast and southeast
of Osceola there is no evidence whatever of limestone beneath
the thick drift nearer than the western part of section 1, Green
Bay township, where angular fragments on the side of a ravine
suggest the immediate proximity of a ledge. The limestone is
visible in section 14 (northeast quarter of the southwest quar-
ter) at an outerop already described. To meet these conditions
the line is drawn southwest from north of Osceola and then
nearly east to the southwest quarter of section 1, Green Bay
township, parallel to and near the line for the Hertha limestone,
then west and south past the outcrop in section 14, and through
the upland to some point near but probably east of Weldon.
From what can be seen of this limestone where it is exposed it
has suffered greatly from erosion and may be completely want-
ing in places near the line as traced through the upland south-
east of Osceola. There is no evidence at hand to indicate
whether the outerop in section 14 of Green Bay township is an
outlier or not. South of Weldon the first evidence now obtain-
able is from the prospect drilling near Leon," where neither
the Bethany Falls nor the Hertha limestones are present.

THE GALESBURG SHALE

!

The shale between the Bethany Falls and the Winterset lime-
stone is not very thick and was not found where a section of it
could be seen in one place. '

#lowa Geol. Surv.,, Vol. XIX, pp. 247-261.
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THE WINTERSET LIMESTONE

The Winterset limestone* has not been found exposed iu the
county except in section 11 of Ward township (northeast quar-

ter of the northeast quarter):

FEET INCHES
5. Limestone, brownish, weathered; with two inclu-

sions of chert ....... ... .. . .. i i, 1 6

4. Chert ...viiniii i e F 3

3. Limestone, yellow, decomposing. “magnesian”... 2 8
2. Shale, gray ....... P 1 4.
1. Limestone, not well exposed.................... 1+

5 10

Number 2 of this section may possibly represent the Gales-
burg shale. Number 3 is thought to be the ‘‘earthy magnesian
limestone’’ described as number 20 in the Winterset section.*®
The fossils found near by are such as are found in the shaly
partings in the Winterset limestone at Winterset: Productus
prattenianus (large), Meekella striniocostata, Spirifer camerata,
Chonetes wvernwilianus (abundant in onc layer), Composita.
(Seminula) subtilita (large) and a Pelecypod.

CHERRYVALE SHALE, DE KALB LIMESTONE (DRUM) AND
CHANUTE SHALE

A Cherryvale shale such as is found near Winterset and near
Bethany Falls, Missouri, has not been recognized in Clarke
county. Just below the uppermost beds of limestone exposed
in the southeast quarter of the southeast quarter of section 11,
Ward township, there is a nonfossiliferous shale resting on an
uneven and weathered portion of Winterset limestone, with no
apparent difference in dip between the two sets of strata at this
point, though the writer has found a difference in dip in Decatur
county. The shale above the limestone seems to be Chanute
shale, and the last limestone a quarter of a mile further south
up the ravine is thought to be Westerville limestone. There is’
thus just above the Winterset limestone not only an erosional
unconformity with the Cherryvale shale and the DeKalb lime-
stone removed, but also a slight angular unconformity*. These

2A limestone bowlder 6x6x4 feet that is judged to be Winterset limestone is to
be seen in section 33 of Knox township (southeast quarter of the southeast quarter).
Its angular shape is evidence that it has not been transported far.

G‘-;Ti%ton and Bain, Geology of Madison County: lowa Geol. Surv., Vol. VII, pp.
516-517.

*Further discussion of this important feature is reserved for a paper on the Sub-
dlvlitsic-ns of the Missouri Stage in Southwestern Iowa, now in preparation by the
writer,
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strata have not been found exposed elsewhere within the limits
of the county, but the presence of the Westerville limestone in
the bed of Grand river just west of the county line, with
evidence that this limestone underlies a portion of the low
ground in the southwestern portion of the county, is evidence
that somewhere these strata might be found but for the drift.
This portion of the sequence of strata as found near De Kalb
is described in the Decatur county report,** and as found at Win-
terset is described in the Madison county report.*
WESTERVILLE LIMESTONE

Reference has already been made to the presence of an ex-

posure of limestone in Ward township that is thought to be

F16. 20.—The Westerville limestone as seen at the ford at Grand river immediately
west of section 31, Doyle township, Clarke county. The river flows to the
left, toward the southeast.

“H. . Bain, Geology of Decatur County; Iowa Geol. Surv., Vol. VIII, p. 278. ~
“Tilton and Bain, Geology of Madison County: Iowa Geol. Survey, Vol. VII p. 516.
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Westerville limestone. The low upland seen in the western
part of section 31 of Doyle township (southwest quarter of the
northwest quarter) is said to have beneath it a bed of limestone
at a depth of about thirty feet, which is approximately the depth
of the limestone exposed at the ford at Grand river directly
west, half a mile beyond the county line. See figure 20. Here
the section found is as follows:

FEET INCHES
b. Limestone fragments suggesting a stratum above
DUIMDEr 4 ....itiiiurenronorsnsonarsnssancansss
4, Limestone, blue, with Crinoid stems and Composita
(Seminula) SUbLIIIIA@ .. .vvivrerneerinnnernnas 6
3. Limestone, blue ..........oiiiiiniiiiiininee, 1
2. Limestone, irregular, fragmental ................ 1 9
1. Shale, blue (exposed above low water in river).. 1
4 3

Numbers 3 and 4 are essentially one bed of limestone, and
correspond to Bain’s number 2 of the Westerville limestone.*®
At the bridge over Grand river directly west of Hopeville,

the following section is to be found, figure 21:

FEET INCHES
6. Only slightly exposed, but apparently limestone,
gray, shaly, down to the foot of the piling of
) U ¥ == P 2

6. Limestone, gray, separated by thin parting into
two equal layers; many fragments of crinoid
52 7=) oo ¥ e 2
4. Shale, Bray .....ovvveeriiireiiiiiiieriraanann 6
3. Limestone, irregular ............cooviiiiunn.ns 4
2. Shale, blue .......covviiiiiiii it 2 2
1. Not exposed, to low water in river.............. 2
9 0

Half a mile east is a closely related section where eight feet
of thin bedded limestone were formerly quarried. Number 5 of
this description seems to correspond to number 5 of Bain’s de-
scription.*”

The exact relation of these beds was determined by Bain who
found the entire Missouri section from the Hertha to the West-
erville (inclusive) exposed along Grand river from the south to
the north of the county and compared it in his report on Decatur
county, with the section exposed at Winterset, to which refer-
ence has already been made.

TF.Bain, Geology of Decatur County: Iowa Geol. Surv., Vol. VIIT, p. 277,

upper description.
1Idem, p. 277, upper description.
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F1a. 21.—The Westerville limestone as it is exposed at the bridge over Grand river
directly west of Hopeville. The topmost portion of the limestone exposed
is but nine fret above the water. The most resistant stratum (No. 5 of the
description) is that adjacent to the lower portion of the cement pler. The
stream flows to the left, toward the south,

Except as above described there is little evidence of the pres-
ence of Missouri limestone in Clarke county: In section 11 of
Madison township (northwest quarter of the northeast quarter)
is a well ninety-two feet deep which is said to end in what is
evidently decomposed limestone. This is undoubtedly Bethany
Falls limestone. Stratified rock is said to have been reached at
a depth of 189 feet in section 35 of the same township (north-
west quarter of the southeast quarter). It is stated that rock
was reached at a depth of 294 feet in section 20 of Washington
township (southwest quarter of the morthwest quarter). It is
said that the Walter Bundy well in Troy township reached
limestone at a depth of 200 feet. It is said that the Lacelle well

“situated in the upland (Knox township, section 17, northeast
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quarter of the northeast quarter) struck limestone at a depth of
200 feet. Concerning the depth of the limestone at Hopeville,
Doyle township, there is disagreement, reports giving the depth
to the limestone as from 100 to 200 feet. In section 34 a single
large rectangular block of limestone near the roadside has evi-
dently not been moved very far.

The above data and the deeply cut ravines make it evident
that the limestone which lies beneath the surface in the south-
western half of Clarke county is deeply concealed by drift.
Doubtless there have been cut in the limestone deep preglacial
valleys, the locations of which cannot now be determined, and
extensive beds of limestone have been eroded away from the
preglacial divides. The fact that it is the Westerville lime-
stone that is found in the extreme southwest corner of the
county while in no other part of the county except one small por-
tion is anything found above the Bethany Falls limestone,
points to extensive preglacial erosion.

DIP

The measurements of dip were obtained largely at the quar-
ries north of Osceola, The best places to be found were selected
but even then there is considerable difference in the measure-
ments due to local irregularities. The figures obtained are as
follows:

Ward township.

Sec. 1, Nw. % of the Nw, 3. 23° 8. 17 ° W. Bethany Falls limestons,
Sec. 1, Nw, % of the Nw. 3. 13° 8. 263° W. Bethany Falls limestons.
Sec. 1, Nw. 1 of the Nw. 2. 9 ° S. 10 ° W. Bethany Falls limestone,
Sec. 1, Nw. 3 of the Nw. £, 5° 8. 10 ° W. Bethany Falls limestone.
Sec. 1, Nw. % of the Nw. 3. 6 ° S. 10 ° W. Bethany Falls limestonas,
Sec. 1, Nw. % of the Nw. 3. 1°S. 10 ° W. Bethany Falls limestone,
Sec. 1, Se. 3 of the Se. 3. 2 ° 8. 20 ° W. Bethany Falls limestone,
Sec. 11, Ne. % of the Ne. 3. 5° 8. 7 ° W, Winterset limestone.

Sec. 11, Ne. § of the Ne. 3. 53° S. 7 ° W. Winterset limestone.

Average 41° 8,13 ° W.

Doyle township.
Ford, 3 mile west of Sec. 31, 1§° 8. 5 ° W. Westerville limestone.
Bridge, west of Hopeville, 31° S. 10 ©° W. Westerville limestone.
In section 14 of Green Bay township the strata were appar-
ently horizontal. No measurements were obtained here nor in
section 4 of Franklin township. '
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An average dip of 4.1° gives a fall of 37814 feet per mile,
which, in the direction of the outcrop of the Westerville lime-
stone at the bridge three miles west of Hopeville (from quarries
north of Osceola) would be 1891/ feet per mile, since that direc-
tion is 45° west of the direction of the dip.- This for the dis-
tance of fifteen and a half miles gives a fall so much in excess
of the actual fall of the strata that it is evident the average dip
for section 1 of Ward township does not hold as an average for
the strata in the southwestern half of Clarke county, but is much
in excess of the average for that region.,

The thickness of the several portions of the Missouri forma-
tions as found in Madison, Clarke and Decatur counties gives
an average which may be assumed to be correct for those forma-
tions in Clarke county.

1. 1I. II1. Iv. V.

Westerville limestone ...... o .. 10 8 (exposed) 8
Chanute shale ............ .. . 243 ‘e 24
De Kalb limestone ........ 4 (exposed) .. 70 70
Cherryvale shale .......... 32 .. 30 31
Winterset limestone ....... 17 21 10 6 (exposed) -19
Galesburg shale ........... ki 173 10 .. 10
Bethany Falls limestone..., 12 14 108 13 13
Ladore shale .............. .. 18 10 48 (?) 48
Hertha limestone .......... e 17 10 10 14
186 237

I is from the section described on pages 509-510 of the Madi-
son county report*®* and obtained in a ravine where the part
above the Winterset limestone is better exposed than it is at
Winterset. IIis from the Winterset section as given in the same
report, pages 516-517. III is from the Decatur county re-
port.*® IV is from data obtained in Clarke county. V is the
average which may be assumed to be correct for Clarke county..

Assuming the level of the upland at Hopeville to be the same
as that of the upland at Murray (1216 feet above sea-level), the
top of the Bethany Falls limestone should be 848 feet above sea
level, 154 feet below low water in Grand river near Hopeville,
and 368 feet below the level of the upland. In section 1 of Ward
township the top of the Bethany Falls limestone is 1,073 feet
above sea level, or 59 feet below the level of the upland. From

#Tilton and Bain, Geology of Madison County: Towa Geol. Survey, Vol. VII.
#T1, . Bain, Geology of Decatur County: Iowa Geol. Survey, Vol. VIII P 271,
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this level to 848 feet above sea level is a fall of 225 feet, which,
in the distance of fifteen and a half miles, gives a fall of four-
teen and a half feet per mile. This corresponds to a dip of 9
26" in that direction, and of 18 52" in the direction of the aver-
age dip.

QUATERNARY SYSTEM

Pleistocene Series
GENERAL

In Iowa as a whole there are five distinct glacial deposits, left
by five distinet glacial invasions and separated by four inter-
glacial deposits. The relation of these is expressed in the fol-
lowing table, in which the oldest is at the bottom.

Wisconsin stage.

Peorian (interglacial) stage.
lowan stage.

Sangamon (interglacial) stage.
Illinoian stage.

Yarmouth (interglacial) stage.
Kansan stage.

Aftonian (interglacial) stage.
Nebraskan stage. .

Of these glacial stages but two are represented in Clarke
county: the Nebraskan and the Kansan. Of the interglacial
stages but two can be recognized: the Aftonian and the Yar-
mouth, though in Clarke county stream action under varying
conditions has continued from Yarmouth time to the present.
Deposits distinectly of these other stages are found elsewhere in
the state.

THE NEBRASKAN STAGE

In the descriptions that follow it will be noted that the Ne-
braskan drift varies from a weathered clayey drift nearly free
from pebbles near the horizon of the Nebraskan gumbotil to a less
weathered, more pebbly, distinetly glacial drift at lower levels.
The weathered portion is so thick that the dark, unweathered
bowlder-bearing portion that lies deep beneath the topmost
weathered portion is rarely seen where it can be definitely
proven that it is Nebraskan and not Kansan drift.
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The question naturally arises, should the Nebraskan gumbotil,
which by the explanation of Kay has lost its pebbles and bowl-
ders because they have been completely leached out in Aftonian
time, be classed as Nebraskan or as Aftonian? While the ma-
terial may have settled somewhat in the process of leaching, the
gumbotil that is left has not been brought there from other
sources. JIn this sense it can be recognized as Nebraskan; but
such a change as took place, converting a bowlder-bearing de-
posit left by the Nebraskan ice into a gumbotil, has taken place
in Aftonian time. This gumbotil then, a surface deposit in
early Aftonian time, dissected later by stream action, marks the
level of the Aftonian upland. It is therefore classed as an
Aftonian deposit, along with such other deposits as were formed
on the Aftonian surface.

The character of the Nebraskan drift as found will be made
evident in the following descriptions.

At the Siegel brick and tile works on the outskirts of Osceola
(southeast quarter of the southwest quarter of section 20) is a
nearly pebbleless oxidized bowlder clay, the surface of which is
sixty-eight feet below the level of the upland. The clay has
been used in the manufacture of brick. The pit shows ten feet
of the clay exposed, with faint partings perhaps due to slipping,
with very little grit, but with a few pebbles up to two inches in
diameter. This is judged to be a weathered Nebraskan drift
close to the gumbotil horizon, with what is more distinetly a
leached drift just beneath it.

In the gully by the school house a mile and a half west of
Osceola four feet of this gumbotil appear fifty-eight feet below
the level of the upland (or at 1,113 feet above sea level). Above
it in the school house yard are five feet of oxidized Kansan
drift studded with numerous bowlders of all sizes. Below it is
a brown Nebraskan drift, largely concealed by wash from the
hillside. ,

The four feet of gumbotil (Aftonian in age) is of a dark blue
color and the body of it does not effervesce where exposed
though Hme concretions are found within the clay. The few
small pebbles which considerable search brought to light were
as follows: 3 gray chert, 1 dark chert, 2 quartz, 2 light quartzite,
1 dark quartzite, 1 greenstone,
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In Union county at the old quarries half a mile east of the
bridge over Grand river three miles west of Hopeville, the drift
has a specially peculiar character. Close to the low upland
there are exposed eight feet of a brownish clay free from fossils
and apparently free from pebbles. Beneath this is a foot and a
half of sand which is brown and buff in color. This overlies
four and a half feet of another clay which is lighter in color
than the uppermost clay and contains root marks, but is like it
in all other respects. This overlies thirteen feet of a bluish
clay free from pebbles, the bottom of the portion exposed lying
twenty-five feet above the level of low water in the river close
at hand, The loesslike manner in which the yellow clay flakes
off vertically is especially suggestive of loess, but the clay is
too clayey in character to be satisfactorily classed as a loess.
It is judged to be a V\zeathered Nebraskan drift. Near at hand,
about fifteen feet above the river bed, there is a layer of sand
and gravel over a clay on which are pebbles and ecobbles of red
quartzite, black and red chert, granites and white quartz.

In section 28 of Franklin township (northwest quarter of the
northwest quarter) a deposit very similar to the weathered Ne-
braskan drift just described is to be seen close beside the creek.
A somewhat similar deposit was noted at another point two or
- three miles down the creek. Both of these are judged to be
weatheréd Nebraskan drift.

AFTONIAN INTERGLACIAL STAGE

The surface of the Nebraskan drift was evidently a continu-
ous plain originally, remaining in that condition for a great
length of time, sufficient to permit the reduction of its surface
materials into a gumbotil by the gradual solution and removal
of the soluble portions, including the reduction in size of such
siliceous bowlders as may have existed in this part of the drift.
None of the pebbles left in this gumbotil are striated. This
process, changing the glacial material into a gumbotil, occupied
the first portion of the Aftonian interglacial stage.

The gumbotil at the surface of the Nebraskan drift is visible
at many places. The following list of exposures is not intended
to be complete, but it is sufficient to indicate the general distri-
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bution of such exposures. By the barometer these are found
to be fifty-five to sixty feet below the upland, at a level of about
1,040 feet above sea level in the eastern part of the county, about
1,113 feet above sea level in the central part of the county, and
about 1,156 feet above sea level in the western part of the
county. Many other places were passed by as uncertain be-
cause of wash from the hillside which obscured the surface.

LOCATION. OF SOME OF THE EXPOSURES OF NEBRASKAN GUMBOTIL

BY THE ROADSIDE.

MADpISON TOWNSHIP, Osceora TOWNSHIP.

Ne. % of the Se. 1 of Sec. 7. Nw. % of the Nw. 1 of Sec. 21,
WASHINGTON TOWNSHIP. Ne. 1 of the Nw.  of Sec. 27.
Se.  of the Se. } of Sec. 4. Nwr-ri of the Ne. } of Sec. 36.
Nw. 1 of the Nw. 1 of Sec. 20. JACKSON TOWNSHIP.
Nw. % of the Nw. % of Sec. 23. Se. 3 of the Sw. % of Sec. 1%
Nw. % of the Se. 3 of Sec. 25. Ne. 3 of the Se. % of Sec. 27.
Nw. 1 of the Ne. 3 of Sec. 32.
FREMONT TOWNSHIP. DovLE TOWNSHIP.
Nw. %2 of the Sw. 3 of Sec. 10. .
Se. ¥ of the Se. 3 of Sec. 6.
Ne. 1 of the Ne. 3 of Sec. 16. Sw. 1 of the Sw. % of Sec. 13
. . % of Sec. 17. ° : : Qoc 14
Nw. 3 of the Nw. 3 o Sw. 3 of the Se. 3 of Sec. 14.
TroY TowNsSHIP. K~ox TowNSHIP.
~ Se. ¥ of the Ne. ¥ of Sec. 7. Sw, % of the Sw. % of Sec. 6.
Se. 1 of the Sw. 1 of Sec. 17. Se. 3 of the Sw. % of Sec. 15,
‘Nw. % of the Sw. ¥ of Sec. 21. Ne. 3 of the Ne. 1 of Sec. 22.
" Nw. % of the Ne. % of Sec. 23. GREEN Bay TOWNSHIP.
Sw. % of the Sw. % of Sec. 25. Nw. % of the Nw. % of Sec. 3.
WARD TOWNSHIP. -Sw. } of the Se. % of Sec. 6. °
Sw. 1 of the Se." 3 of Sec. 10. Ne. 1 of the Ne. ¥ of Sec. 29.
Se. 1 of the Sw. % of Sec. 16. FBANKLIN TOWNSHIP.
Ne. % of the Ne. 3 of Sec. 27. Ne. 1 of the Ne. ¥ of Sec. 22.

In section 20 of Troy township (northwest quarter of the
northwest quarter) Mr. Schull has fragments of cedar and dried

peat obtained at a depth of ninety-five feet in the well twenty.

feet below the upland at his house. He reports the following

well record:

FEET.
3 Soil.
36 Clay, yellow; gravel and sand. (Kansan drift.)
810 Clay, blue; sand and stones. (Kansan drift.)
423% Dirt, black; peat and wood. (Aftonian.)
3 Sand and gravel, dry. (Aftonian.)
6 Gravel, of stones two inches in diameter and smaller;
fragments of cedar. (Aftonian.)
Water spurted up and rose till it was ten feet deep.

100
. The gravel obtained beneath the Aftonian interglacial de-
posits was not at hand for examination to ascertain whether it
was glacial (Nebraskan) or not. :
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The peat bog outerops in the southeast quarter of section 20
in the bed of the ravine south from Mr. Schull’s house, seventy-
two feet below the top of the well and ninety-two feet below the
level of the upland. It is said that in 1905 miners dug sixty
foet into the bank expecting to find coal. At present the peat
is nearly concealed by the drift which has slumped from above.
Down the ravine (section 19) there are several boggy places
that supply an unfailing abundance of water. The nearest of
these is eighty-eight and a half feet below the top of Mr.
Schull’s well, which leads to the judgment that the water comes
from sand and gravel beneath the peat. (Incidentally these
measurements show the ravine bed to slope eighteen and a half
feet in half a mile). Up the large ravine to the west as well as
down it springs are to be found. In the southeast quarter of
the northeast quarter of section 18 a small stream of water
flows out of clear, white sand. Further north where two
ravines come together (northeast quarter of the northeast quar-
ter of section 18) is another spring. North of the railroad Mr.
Cunningham of Afton in boring a well struck gravel at a depth
of fourteen feet and secured a flowing well, said to flow twenty
gallons per minute. All this was especially noticeable in the
exceptionally dry summer of 1911 when water for stock was
scarce. The seepage seems to indicate a line of Aftonian drain-
age from the western part of section 9, southwest to the north-
east corner of section 18, to the northeast of section 19, then
west to the northwest quarter of section 19.

The data from this portion of the county are remarkable in
their significance with reference to Aftonian relief, along the
ravine mentioned. The top of the Aftonian deposits encoun-
tered in the well at the home of Mr. Schull is ninety feet below
the general level of the upland, while the gumbotil in the road
to the north is about sixty feet below the upland, and the seepage
from the bog along the ravine toward the west is not reacned
within a mile and a half. This gives a level of the seepage at
118 fcet below the upland, and of 58 below the level of the Ne-
braskan gumbotil by the roadside to the north. It is of course
inore than possible that this is not the deepest part of the Afton-
ian valleys, but it is near enough to demand attention.
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According to these figures the greatest Aftonian relief in this
region was but 58 feet. This seems considerable if the bog
were on the upland—the gumbotil plain; yet that is not impos-
sible. If the bog formed in a valley eroded below the gumbotil
plain, that valley was but 58 feet deep, and was later filled up
28 feet, leaving but 30 feet as the final Aftonian relief at the
time the Kansan ice spread over the country. The present
streams have cut below this level. That all drift between the
level of this Aftonian bog (118 feet below the level of the up-
land): and the level of the present river trenches (84 feet deeper)
is Nebraskan drift seems a conclusion of such far reaching
import as to cause one to hesitate, but it is true for the central
and western parts of Clarke county, and the writer knows of no
facts that conflict in the county as a whole.

THE KANSAN STAGE

The Kansan stage is represented by the Kansan drift, or
bowlder clay, which may be seen along the roadsides and
ravines from forty to sixty feet below the general level of the
upland. The portion ordinarily seen is the yellowish red clay
with sand and gravel, and dotted with numerous pebbles and
bowlders of many kinds. In the deeper portions that weather-
ing has not as yet reached the drift is bluish in colox

With reference to the Kansan gumbotil the same question
arises that was asked concerning the Nebraskan gumbotil:
Shall it be classified with reference to its origin from a drift,
or with reference to the date of its change into a gumbotil. In-
as-much as the time element is what needs emphasis it is classi-
fied as Yarmouth in age.

The oxidized, bowlder-bearing portion of the Kansan drift is
conspicuous throughout the county where erosion has cut be-
neath the gumbotil. Here the clay is yellowish red, due to oxi-
dation and hydration of iron. The pebbles and bowlders
include a considerable variety of granites, greenstonmes and
quartzites, along with limestones of a local character, the most
distinctive bowlders being purple and red quartzites and a dark,
decomposing granite.- These may be seen scattered along the
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surface of the Kansan drift in ravines where they are exposed
by erosion, and are especially abundant along the trenches of -
ravines. ’

With the exception of two angular fragments of limestone
that may possibly be bowlders, the largest of the Kansan bowl-
ders are of very resistant rock: greenstone, granite and red
quartzite, with dimensions ranging in size up to four and five
feet, though bowlders of these largest dimensions are rare.
One bowlder is remarkable for its size. This, the largest
bowlder seen in the county, is exposed in the side of a gully in
the southwest quarter of the northwest quarter of section 18,
Fremont township. It is a reddish granite, composed chiefly
of feldspar and quartz, with little mica. It is roughly five-
sided. The east side is 17 feet in length, the west side 13 feet,
the north end 14 feet, 10 inches and at right angles to the other
two faces. The fifth face is at the southwest side, making
oblique angles with the east and west sides. The rounded top
is six to eight feet high. But one other bowlder of such large
dimensions has been reported in southern Towa. That one is
in the northwestern part of Lucas county.*

Three determinations were made of the percentages of the
different kinds of rocks found among the Kansan bowlders and
cobbles, as follows: '

I II. III1.

Coarse granite.......... . 1

Dark granite ........... 2 32 ..

Decomposing granite .... .. 1 16

Light colored granite... 26 16

Pink quartzite .......... .. 1 ..

Red quartzite .......... 33 18 17

Light quartzite ......... 2 ey 14

Dark crystalline rock.... . 2 .. <
"Greenstone ............. 22 15 12

Gneiss .........i.iiun.n 1 .. ..

Schist .................. 1 2 9 (Three kinds)
Chert .....covvvivvnns. .. 1 8

Quartz ........cc00nenun 1 1 4

Conglomerate .......... .. 1 ..

Sandstone ............. 6 20 (17 native)
Limestone .............. 6 1 .

100 100 100

“North of Churchville in Warren county are several very large granite -bowlders,
at least one of which In composition is much ltke the one above described.
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I. was obtained in a small ravine in section 21 of Jackson
township, southeast quarter of the northeast quarter. II. was
obtained in a small ravine in section 3 of Osceola township,
northeast quarter of the southwest quarter, where bowlders
about a foot in diameter are unusually abundant. III. was ob-
tained in the school house yard a mile and a half west of Osceola
in the southeast quarter of the southeast quarter of section 14,
Ward township.

The third or deepest phase of the Kansan drift is of a blue
color because of the unweathered character of the clay. The
pebbles and bowlders in it are generally not close together.
This phase is found in some of the wells. It is so much like the
corresponding deep phase of the Nebraskan drift that it is im-
possible to determine which drift is present except by the rela-
tion of the drift to the Aftonian horizon. The region of diffi-
culty lies between the level of the Nebraskan gumbotil and the
bottom of the Aftonian valleys, approximately the lower half of
the large valleys. :

The Kansan drift and gumbotil as seen along the rail-
roads—At the west county line and in two cuts between the
county line and the railroad bridge in section 8, Troy township,
eight or ten feet of Kansan gumbotil are evident above a bowl-
der-bearing Kansan drift. In the-railroad trench along the
north side of the track east of the bridge an exposure of Kansan
drift is seen extending down along the hillside to near the bot-
tom of the valley, the valley along which evidences of Aftonian
deposits already deseribed were found. Here the Kansan drift
is judged to lie on the side of an Aftonian valley. In the rail-
road cut a mile west of Murray, the section is completed to the
upland. Here, near the center of the cut, two feet of soll is .
underlain by a clay which is reddish yellow above and lighter
vellow below (gumbotil) and contains small pebbles. Be-
neath this is a thin layer of dark brown sand, over a more
distinct Kansan bowlder clay. Between Murray and the west
line of Jackson township the railroad is on the upland, the
trenches revealing only the gumbotil and possibly a little loess

-with the soil. In Jackson township several railroad cuts give
excellent exposures of drift in the upland. In section 19 of



RAILROAD EXPOSURES 145.

Jackson township (northeast.quarter of the southeast quarter)
there is a gradation from soil down through yellowish brown
and then bluish gumbotil containing a few grains of sand scat-
tered through the deposit and a very few pebbles up to half an
inch in diameter. Beneath this, at a depth of fifteen feet from
the surface, lies four feet of a distinet Kansan drift with the
usual bowlders. Just to the west of Woodburn where the rail-
road bed divides, pebble-bearing Kansan may be seen right up,
into the soil, though the pebbles are few and small, In the first
long cut east of Woodburn it is the Kansan drift which is visible
near the top of the cut from which much has slumped down con-
cealing material beneath in the lower portion of the cut. Here
as elsewhere along the railroads and throughout the county it
is the gumbotil that readily slumps. Further east in section 25
(northwest quarter of the southwest quarter) several variations
may be seen in the side of the cut, though here also the underly-
ing material is largely concealed by slumping. The lower por-
tion is thought to be Nebraskan drift.

At Jamison, along the railroad north and south through
Osceola, it is only the weathered phase of the bowlder-bearing
Kansan drift that can be seen opposite the station. A mile
south of Osceola (section 21, the southeast quarter) the creek
has cut into a hill just east of the railroad bridge, exposing there
Kansan and possibly Nebraskan drifts. In six inches of soil
at this point and in three feet of subsoil no pebbles were noted,
but in the next five feet the pebbles were increasingly abundant.
Next came a foot and a half of stratified sand stained yellowish
brown with iron; then brownish yellow clay with small pebbles
and cobbles, over a blue clay close to the creek. In the north-
west, quarter of section 21 (Osceola township) the bottom of
the trench by the track reveals a dense, somewhat gritty phase
of the Kansan with small pebbles of quartz and granite, and
sheets of calcium carbonate filling cracks. Further down the
hillside and near the river a drift like the Kansan drift is visible
where washed soil permits observation. This is below the level
of the Nebraskan gumbotil, and is more likely Nebraskan drift
than Kansan drift. In the northeast quarter of the southwest

quarter of the same section the deposit grades from soil through'
10
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a yellow clay into four feet of brownish yellow clay with small
pebbles, the usual gradation from soil into gumbotil. In sec- -
tion 24 of Knox township (the southeast quarter) a gully beside
the track reveals three feet of ofumbotil grading down intv a
distinct Kansan. Most of the way through Knox township the
track is on the upland.

As described flor hillsides along the railroads, se also
throughout the other parts of the county the Kansan drift in
its various phases may be seen, only a few more outcrops of
which will be mentioned. In sections 4, 9, 10 and 12 of Wash- .
ington township the drift contains an abundance of lime con-
cretions. In the southeast quarter of the southeast quarter of
section 4 a bowlder of stratified brown sand lies with its strata
in an oblique position, the Kansan drift with its pebbles extend-
ing up into the soil.

THE YARMOUTH STAGE

The Yarmouth stage is represented by the Kansan gumbotil,
which appears on all the hillsides about thirty feet below the
level of the upland. It is the only deposit that is recognized as
distinetly Yarmouth in age, having been formed from the sur-
face deposits of the Kansan drft in the great extent of Yarmouth
time.

During the glacial and interglacial ages that followed the
Yarmouth, Clarke county was subjected to atmospheric action
and stream erosion under varying conditions Krosion was the
dominant process. If deposits then in process of formation are
still in existence they cannot here he dlstmgulshed from those
of recent origin.

The Kansan gumbotil contains a few pebbles here and there,
rarely over half an inch in diameter, though occasionally one is
found as large as two inches in diameter. Near the surface it
grades upward into the soil. When wet it makes nearly im-
passable roads; when dry it forms very hard roadbeds. The
gumbotil is found to extend through the upland from one divide
to the next, the valleys revealing exposed portions along the
hillsides. Tt ‘is this Kansan gumbotil that marks the upland
surface of the Kansan plain all through this part of Towa. It
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is not found at a lower level except where washed there from
above; and is to be distinguished from a second gumbotil (the
Nebraskan) the top of which lies about sixty feet below the
highest portions of the Kansan gumbotil. There is no ques-
~ ‘tion whatever as to the character of this gumbotil. It is dis-
tinetly a glacial drift in its origin. This is evident from its
clayey character, lack of stratification, presence of pebbles
here and there, with lower limit grading into a distinet bowlder-
bearing Kansan drift with no plane of separation between the
two in the upland™ where the deposits are undisturbed. On
the hillsides where the results of creeping are evident there is
generally a marked change from the overlying gumbotil to the
undisturbed oxidized portion of the drift below. In the heads
of ravines large patches of gumbotil may be found that have
been washed from the adjacent upland.

A surface characteristic especially worthy of note is the en-
tire absence of all topographic features of a ground moraine.
Though in places bowlders beneath the gumbotil are more
numerous than in other places, and pebbles in the gumbo more
noticeable in some localities than in others, there is no accumu-
lation of such bowlders, and no rise of ground, such as might
mark the site of a former drumlin or kame. Though there are
places near the heads of ravines where there are deposits
washed from the upland, there is no place that can be recog-
nized as a filled-in kettle. This featureless extent of upland
gumbotil marking the surface of the Kansan drift plain across
Towa certainly demands explanation. According to George F.
Kay®? and J. N. Pearce the conditions under which the bowlders
and pebbles would largely disappear from a bowlder clay are
those of a plain where conditions favorable to weathering
existed for a long extent of time.”* The erosion of valleys it
is thought did not begin till elevation occurred, long after the
upper part of the drift had been converted into gumbo. Gumbo
thus derived from drift Kay has named gumbotil.**
" ®John L. Tilton, A Pleistocene Section from Des Moines South to Allerton: Proc.
{g;va{“ﬁac:ﬁg: Sei,, 1913. This gradation was repeatedly noted in the sections through

2George F. Kay, Some Features in the Kansan Drift in Southern Iowa: Bulletin
Geological Society of America, Vol. 27, pp. 116-117.

®It was for this deposit in part that the name Dallas Deposit was formerly sug-
gested in an earlier stage of the discussion before the significance of the weather-
ing of the drift had been worked out by Kay. (John L. Tilton, Proceedings of
theMIowa. Academy of Science, Vol. 20, p. 218.)

eo. F. Kay, Gumbotil, a New Term in Pleistocene Geology: Science, N. S., Vol.
44, pp. 637-638, 1916,
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LOESS

There are no beds of loess to be found in the:upland. It may
be there is some loess in the soil, for it is almost impossible to
distinguish soil made from loess from soil made from gumbotil
when the soil alone is considered. The subsoil is distinetly of
clay and not of loess, with grains of quartz here and there
as from decomposed granite, and also with a few small pebbles
half an inch in diameter. The lower portion of the deposit is
less cohesive and slumps badly where exposed faces are at all
steep. This is especially noticeable in all railroad cuts in the
upland. It lacks the lamination which is noticeable in a good
bed of loess, and it is free from loess fossils. Such a deposit,
though it has been called a modified loess, evidently should not
be called a loess if the term loess is held strietly to its original -
meaning. The beds which are most loesslike are not in the
upland ‘but in the river valleys, and are located three miles
west of Hopeville, Doyle township; in section 28 in Franklin
township, and two or three miles northeast of that deposit in
the same township.

Recent Series

Along all of the ravines and creek valleys soil is being washed
from the upper to the lower slopes of the hillsides where it
may be seen three to six feet deep in the sides of freshly cut
trenches. In the wider valleys, especially those of the creeks
and rivers, the finer portions are carried further out forming
mearly flat bottomed portions of the valleys, where the deposit
much resembles the ‘‘gumbo’’ of the upland.

Chiefly in the northeast half of the county the streams in
changing their courses are cutting on the outside of their bends,
and filling in on the inside of their bends, as described for
Chariton creek. These deposits when flooded are further
built up, together with other portions of the valley, by the true
alluvial deposit then laid down; but this alluvial deposit is not
extensive nor thick within the bounds of the county.

ECONOMIC GEOLOGY
Soils
The term soil is properly applied to the surface deposits
rendered black from decomposing vegetation (humus). The
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lighter colored portion beneath is the subsoil, and is as impor-
tant in the consideration of land as the soil itself. The forma-
tion of soil is a slow process. Year by year the growing roots
penetrate the earth, separating the portions mechanically by
their growth, absorb mineral constituents dissolved from the °
ground, then, decaying, form humic acids which aid in the
decomposition of mineral matter for plant food and furnish
products of decay to darken the mixture and enrich it for
further plant growth. The freezing and thawing of the
ground aids in loosening the soil, allowing air to penetrate more
readily. Moisture from below rises to the surface by capillary
action supplying depleted moisture in the summer time and
replenishing mineral food in the soil. Ants and earthworms
further aid in rendering the.soil porous and then add their
decaying bodies to enrich the humus. Ground squirrels, -
gophers and larve of beetles also contribute their labors,
though the sum total of their endeavors, especially of the last
two, seems more harmful than useful to man. To these
agencies are added the work of those mumerous bacteria that
cause decay, and particularly those on the roots of legum-
inous plants (clover, especially) that take nitrogen from the
air and convert it into forms' that are later taken up by the
corn and wheat in the production -of nitrogenous food. It is
evident that good soil, formed by such slow acting agencies,
even though assisted by fertilizers and labor and conserved
by the rotation of crops, is an asset that should be guarded as
carefully as possible, and not allowed to deteriorate nor to

-wash out in newly forming trenches.

‘While the Kansan drift is clayey it is not because it consists
of clay washed from decomposing feldspathie rocks and laid
down in beds impervious to water, but because it consists of
fine deposits from various sources mixed with ground rock, all
worked together by the Kansan ice which left it in its present
location. Some portions of it are extremely clayey, and are
converted into soil with difficulty; some are sandy and porous,
and even stony; and some are fine grained -and convertible into
excellent soil. To this latter belongs the Kansan gumbotil
throughout the upland, which forms the best of land for agr:-
cultural purposes.”® Frem gentle slopes the soil there forming

In classification the upland soil has been called “Southern Iowa Loess”, though
the soil is here glacial drift in origin, and not loess. It is also classified as ‘‘Mar-

shall silt loam.” See also the paragraphs on the Kansan and Nebraskan gumbotils,
and on the Recent Serles,
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is but slowly washed away, but from steeper hillsides it rapidly
disappears, leaving a yellowish hillside streaked with gullies.
The washed soil on gentle slopes and flats along ravines and
creek valleys is soil from the higher ground that is pausing in
its journey away from the county. The more such loss can be
delayed by plowing at right angles to the slope, where it is
necessary to plow, and throwing the furrow up the hill, the
better for the future value of the land. In many places deep
gullies are forming into which the neighboring soil will quietly .
but surely and continuously wash if the waste is not prevented,
as by planting of willows, by the dumping of brush and hay to
check the erosion, and by the proper location of large tile. By
proper care what would soon become a long, wide and deep
trench can be converted into a series of low terraces and the
soil saved from wash for rods away on both sides. In Clarke
county the conservation of the soil is not receiving the atten-
tion that it deserves.

The various ravines throughout the county are excellently
adapted to the pasturing of stock, which find ample food on the
grassy hillsides, water from creeks and stock wells, and shelter
beneath the mative timber of red and white elm, sycamore, red
and burr oak, hickory, walnut and hawthorn, together with the
commonly introduced box elder, willow and osage. The flat
upland and the gentle slopes of the lower ground yield rich
returns to agriculture, especially in an exceptionally good year
like that of 1912, when the yield per acre®® was as follows:
Corn, 44 bushels; Oats, 38 bushels; Spring Wheat, 15 bushels;
Winter Wheat, 27 bushels; Barley, 24 bushels; Rye, 23 bushels;
Potatoes, 78 bushels; Tame, Hay, 1.3 tons; Wild Hay, .8 ton.

Waiter.

WATER FOR HOUSE AND FARM

The water on which the people of Clarke county must depend
is the local rainfall, from which the various ordinary wells and
the streams receive their supply. The distribution of precipi-
tation by months is given in the accompanying table:

9 ;Montholgf Review of the Towa Weather and Crop Service, report for November,
1912, p. 109.
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The instruments were transferred from Hopeville to Murray in January, 1911,
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8Weather Bureau records as reported by Mr. C. B. McDonough. A few omissions
in the records are supplied from the Hopeville reports. .
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Of this rainfall a portion rurs off in the streams and a por-
tion evaporates. Though the amount of water that sinks into
the ground varies it has an average which may be assumed to
be constant. The general relation of run-off and evaporation
to precipitation for the northeastern part of the United States
is given in the following table,” there being no data for this
portion of the country.

GENERAL RELATION OF RUN-OFF AND EVAPORATION TO

PRECIPITATION
Relation of
A Relati f Run— i

Pre;x!;li-:gteion Offe t?) lg’?::a&pit:?ion Eﬁ%’;ﬁ%&%r

From From .From From

Inches Soil Lake Soil Lake
Per cent  Per cent| Per cent Per cent

Storage Period, Dec.—May______ 12.68 80 64.5 20 35.5
Growing Period, June—August_. 11.79 10 18 90 82

Replenishing Period, Sept.—Nov. 7.28 23.7 27 1763 73

B. Shimek, in his Geology of Harrison and Monona Counties, Towa Geol.
Survey, Vol. XX, pp. 460-470, 1909, discusses rate of evaporation in its rela-
tion to flora, explaining the presence of plants which are able to stand drought
(xerophytic plants) where other plants die. His explanations apply also to
the distribution of trees and other plants in Clarke county on south facing
slopes directly exposed to the sun’s rays in summer as compared with the
distribution on north facing slopes. There is a marked difference in growth
in even the same kinds of grass upon the two sides of deep railroad cuts
when one side is a south facing slope and the other a north facing slope.

The rates of evaporation which Professor Shimek hasg determined are sig-
nificant even with reference to evaporation from reservoirs. The data are
on evaporation from above the soil. His average for the daytime for two
days and two places is. 212cc. (12.9 cubic inches) in August, 1908, and 249ec.
(14.6 cubic inches) in September, 1908, from pans a foot in diameter. This
is 16.4 cubic inches per square foot in the first instance and 18.6 cubic inches
per square foot in the second instance.

There is generally throughout the county, no difficulty ‘in
securing an abundance of water for household purposes from
wells from thirty to fifty feet deep, and ordinarily no difficulty
in securing an abundance of water for stock from wells, arti-
ficial springs, and from pools along the creeks. In one portion
of the county, from section 8, along the ravine two miles west
of Murray, a number of springs give a constant supply of water
even through the worst droughts. Ome spring is in section 8§,
one in section 17, one in 18 and several in the western half of
19. In August, 1910, Mr. William :Cunningham from Afton
Thes;_percentages are from data given in Whater Supply and Irrigation Paper,

No. 80, and used in the following: John L. Tilton, A Problem in Municipal Water
Works for a Small City, Proc. Iowa Acad. Science, XII, p. 146, -1905.
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bored into the muck a few hundred yards north of the railroad
bridge (section 8, two miles west of Murray) and struck gravel
at a depth of twelve feet, securing a flowing well said to yield
twenty gallons per minute. All through the remainder of that
unusually dry summer the neighboring trench was filled with
water for half a mile, overflowing to the south.

‘While the water from all'of the above named springs is clear
and tempting it should not be used for continuous household
purposes till analyzed. Peat of an Aftonian bog has been found
near the springs, and it is possible the water may be charged
with ammonia, in which case it would prove an irritant from
which some people would suffer. For stock purposes it is most
excellent. If on analysis the water proves suitable the town of
Murray can easily obtain a municipal supply from this source.

Some of the wells are reported to be deeper than those ordi-
narily found. In section 35 of Madison township (northwest
quarter of the.southeast quarter) Mr. Louis A. Brown has a
well drilled to a depth of 300 feet. The water is said to be
somewhat mineral but usable. In section 20 of Washington
township (southwest quarter of the northwest quarter) a 4-inch
drilled well reaches a depth of 294 feet, where an abundance of
mineral water is obtained. In section 5 of Fremont township
-(southeast quarter of the southeast quarter) Mr. Henry Nichol-
son’s well is 80 feet deep, the top of the well being 110 feet
above the bed of Squaw creek. An abundance of water was
found in gravel at a depth of 60 feet. In section 29 of the same
township (northwest quarter of the northwest quarter) a well
90 feet deep sunk at a place on high ground did not go deep
enough to ceach water. In section 20 of Liberty township
(northwest quarter of the northwest quarter) Mr. John Wil-
liamson bored a well 105 feet deep in the upland. Am abund-
ance of water with unsatisfactory odor was obtained at a depth
of 90 feet. At the old creamery at Murray is a 4-inch well
drilled 260 feet deep. The water was pumped from a depth of
176 feet. Though abundant in quantity it was a mineral water
not suitable for boiler use. The well of Mr. Walter Bundy, five
miles southwest of Murray, is said to reach a depth of 274 feet.
There is no statement as to the quality of the water. The well
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of Mr. Schull, two miles west of Murray (section 20, northwest
quarter of the northwest quarter), is on ground about thirty
feet below the upland and is 100 feet deep. The water comes
from gravel beneath an Aftonian bog. At Howe Hotel in
Osceola the well is 190 feet deep. At Woodburn the city well,
depth unknown but apparently not great, supplies an abundance
‘of water charged with iron. In section 5 of Doyle township
(southeast quarter of the southeast quarter) a well 92 feet deep
goes through blue clay into sand. At the Hopeville creamery
the well is 300 to 400 feet deep, all below 100 to 200 feet being
in limestone and shale. At Lacelle in Knox township a well is
325 feet deep, with record reported as follows:

Depth to stratified rock................oiiiiiiiiinn i, 200
Limestone ...........ccvviviinn. e e 14
Alternating limestone and shale.............coiiiiivuravnnns 66
Shale, red and white, and a 6-inch stratum of limestone...... 45

Abandoned at............eeuiieeiiiann. 326

WATER FOR MUNICIPAL PURPOSES"

Creeks—The difficulties often met in southern -and western
Towa in endeavoring to secure water for municipal purposes are
well illustrated by recent endeavors at Osceola.® As no suitable
creek was near at hand a ravine east of town was dammed for
a reservoir to receive precipitation that fell on a drainage area
said to contain 270 acres. 1In 1910 the water which accumulated
in the reservoir during the spring supplied the city till June 18,
1910, in which part of the year the demand for water is not so
great as later in the season. From July 18, 1910, the railroad
supplied the water from its pond situated a mile northeast of
town where the pond receives drainage from two square miles,
and continued to supply the water till the latter part of Febru-
ary, 1911. During the following spring water was obtained
from the city reservoir from the latter part of February, 1911,
till May 24, 1911, when the water again gave out. From that
date till September 20 the railroad again furnished water from
Tthe dates and amounts here na.med I am indebted to W. N, Temple, Esq.,
Chivago, Budlington and ‘Guiney Tailrond purgme. siation e Asgust 1911 > Campare
also the report on Clarke county by H. E. Simpson, Underground Water Resources

of Towa: Towa Geol. Survey, Vol. XXI, 1910 and 1911, available a shqQrt time after
this chapter was wrltten. -
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its pond, supplying the city from 65,000 to 70,000 gallons per
day at ten cents per thousand gallons. September 20 the sup-
ply of water in the railroad pond gave out and the railroad was
obliged to haul water for its own use from the eastern part of
the state. It supplied the city with water thus obtained from
September 20, 1911, till the first of March, 1912, at a dollar per
thousand gallons, when again as the spring rains came on it was
possible to draw on the city reservoir for a time.

These facts furnish conclusive evidence that a reservoir
receiving drainage from one or two square miles cannot be
relied upon to keep a town of from two to five thousand inhabi-
tants supplied with the water which it requires for municipal
purposes. The supply of water will fail when it is most needed.
There seems to be a widespread belief that reservoirs almost
anywhere in a ravine will receive underground water from
sources other than rainfall, an opinion which here is absolutely
unwarranted. It requires but little computation to ascertain
the number of gallons of precipitation per square mile (years
of minimum precipitation preferred), there being 231 cubic
inches per gallon. Allowance can be made for evaporation as
previously given. If the amount is divided by 30,000 to 35,000,
the average number of gallons per day which Osceola now re-
" quires throughout the year, the quotient will give the days that
the supply will last if no water is wasted. In the summer time
when precipitation is least and evaporation most the present
demand already reaches 65,000 to 70,000 gallons per day. It is
evident that if a single reservoir is to receive the volume of
water required to last through the summer, especially in a year
of drought, the drainage area must be large. Ordinarily river
valleys can be reached within a few miles of the cities, but near
Osceola there is no river valley. The nearest approach to the
requisite condition is found in the northwest quarter of section
30, southwest of Osceola, above which location the drainage area
is about eighteen square miles. The construction of large dams
in clayey regions where good foundation is wanting, the dis-
posal of the sediment that accumulates, and the filtration of the -

sl arge citles use fifty gallons per inhabitant where the use of meters is required,
- and more than double that amount where the use of metera is not required.
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water, all present their own peculiar problems; but given the
water the problems can be solved. When suitable drinking
water is obtainable from household wells (in cities properly pro-
tected by the creation of sanitary districts) filtration of the
municipal supply can, if absolutely necessary, be omitted and
the people cautioned not to drink the unfiltered water. The
first requisite for 4 municipal supply is water for sanitary pur-
poses and for fire protection.

For a- further discussion of water from shallow wells and frbm the creeks
see volume 21, Iowa Geological Survey. On pages 128-131 and 923-928 may be
found discussions of general conditions in this portion of the state. Pages
939-942 are especially on Clarke county. While no analyses of the mineral con-
tent of water from Clarke county are given, page 232 presents a comparison
of analyses of well and river water in Iowa; and page 199, the average mineral
content of waters in the southcentral and southwest districts of Iowa. This
average for shallow wells is as follows, in parts per million:

Silica (Si0%) ..ottt AN e 26
Caleium (Ca) .oiiiiiii ittt iiteaenenenennrssnarannnn 167
Magnesium (Mg) ......c.oviiivivnennnn e iesesana 43
Sodium and Potassium (Na+4+K) ...........ciivinnen, 374
Bicarbonate radicle (HCOs) .........ccviiminienrnensnn, 363
'Sulphate radicle (8O,) .....ciiiiiiiiiiiiiiiiiinennannnn 745
Chlorine (Cl) ..oinniiii i i i it i iiae v iarennn 62

Total solids. ...ttt 1,687

Two deep wells at Osceola.—In 1885, or thereabouts, a well
was drilled in the court house yard at Osceola. Of this there is
unfortunately very meager information. The well is said to be
2,100 feet deep, with water so mineralized that it is not accept-
able. The well has stood unused, and the casing has been dam-
aged. There has been no determination made as to quantity of
water obtainable. The only statement as to quality of water
rests on rumors of an analysis of which there is no record.

After this experience with a deep well, and after the experi-
ence with creek water for municipal purposes as above de-
scribed, it was again determined to try a deep well. This new
well, 1,300 feet deep, is located at the standpipe. It is ten inches
for the first 300 feet, eight inches for the next 700 feet, and six
inches for the remaining 300 feet. It is thought that the water
is sufficient in abundance, but it is found to be too strongly
mineralized for use. It was given a sanitary analysis in Janu-
ary, 1914, by Professor C. N. Kinney, with the following results:
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Parts per

million
Turbidity, some; sediment, considerable.
Nitrogen as free ammonia......... R N 4.22
Nitrogeén as nitrites ........... ... .o i, .00010
Nitrogen as albumenoid ammonia...................... 0300
Nitrogen as nitrates ............ ... .. iiiiiiiinannnn none
Chlorides .....oiiiiii ittt i ittt 1025.
Phosphates ...........iiiiiiiiiiniiiniiiiiiiiiinean., 15
Residue on evaporation .............. ..., 6472, -
Volatile solids .......cc..iiiiiiiiiininnnnn..n 606.
Fixed s0lids .....ciiiiiiiiviii it it 5866
Color and odor on ignition............................ some

Microscopical, considerable precipitation of iron-filled algae; nu-
merous small animal forms. '
The analysis indicates water in a defective condition.

An 85,000 gallon storage tank has been built, into which water
is forced by air pressure with a Dean duplex electric pump
operated by a 25 horsepower Westinghouse motor. From this
reservoir a second pumping to the standpipe is necessary.

The cost of the well was $6,500—five dollars per foot. The
total cost of the well, reseérvoir, and machinery was $16,000.
The pump for the deep well now lies idle, but is kept in reaai-
ness for use in case of fire. The reservoir in the valley south
of town is still relied upon for water, which is forced into the
standpipe.®

The deep well problem for Clarke county.—Up to 1917 the
possibility of a municipal supply of water from a deep well in
Clarke county had not been demonstrated, even though it
seemed possible that data from Corydon and Leon were applica-
ble here. The probable depth to the best water carrying hori-
zons indicated such an expenditure that no city seemed willing
to be the first to undertake the task. Not only were the best
water carrying strata very deep, but there was a possibility that
some of those that are good water carriers further to the north-
east in the state would be found replaced by shale or closed by
cementation in this portion of the state. Furthermore the cor-
rosive, sulphurous water from the Coal Measures must be cased
out. The strong probability that water in the deepest horizons
is highly mineralized made it clear that he who first undertook
to reach the deepest horizons should do so with full recognition
that there was a large element of speculation in such an under-

“For the above datg I am indebted to W. M, Temple, Esq., the city clerk at
Osceola.
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taking in this part of the state, with a strong possibility of fail-
ure. So strong was the speculative character of such an under-
taking that no one conversant with the difficulties has been wil-
ling to urge a city to. make the venture.

The situation was presented by the writer to the citizens of Indianola in
1894 (see Indianola papers of April-26, 1894) and the approximate depth of
the Saint Peter sandstone correctly estimated from data then available and the
probable character of the water stated. (See also Proc. Iowa Acad. Sci., Vol.
12, p. 147, 1904). Later an operator who had purchased the city plant re-
fused to undertake a deep well when he came to understand the difficulties
involved. Osceola’s old well in the court house yard had proved a failure.
Later the well at Corydon was put down but 834 feet, that at Humeston only
500 feet, and that at Leon 7656 feet. These do not reach the deepest water-.
carrying horizons. The new 1,300 foot well at Osceola also fails to reach the
deepest water carriers, and gets water from strata In which the water is
so highly mineralized that the water is not used.

The conditions at Stuart are so related to those at Osceola
that data from Stuart are here presented and the bearing of
them described.

Stuart is situated like Osceola on a high portion along the
state divide, and near the margin of the Missouri limestone;
but Stuart has been without a railroad lake on which to depend
in time of drought. For a number of years that city sought to
get its supply from a well but ninety-two feet deep. This sup-
ply was so inadequate that the city finally ventured to reach the
horizons that are recognized as the Best water carriers further
northeast in the state A summary of the log of the well is as
follows :* :

THE WELL AT STUART, IOWA

Altitude of the well at Stuart............ 1205 Feet above sea level
Altitude of the well at Osceola.......... 1137 Feet above sea level
Base of the Saint Peter sandstone, to

which level water in the pipe could be

easily baled out ..........ccvvivenn... 2432 Feet,
Test when the full depth of well was
reached ......c.ccoviiniuiriiinininniannn 3021 Feet

Eighty hours’ test gave 60 to 80 gallons per
minute. During the last 24 hours the
average was 212 gallons per minute. Dur-
ing the entire test the water never
dropped to the bottom of the pipe; there
seemed to be no difference in the level.

When the well was through the Saint Péter sandstone the
water stood at 325 feet below the curb; at 2,736 to 2,833 feet it

%A complete record may be found on file at the office of the Iowa Geological
Survey, Des Moines.
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stood at 345 feet, at 2,830 feet it rose to 340 feet below the curb;
and to the completion of the well (at 3,021 feet, a distance of 191
feet) the water remained at about the same level, when it was
345 feet below the curb.

RECORD OF CASING IN THE WELL AT STUART

12 inch line goes down from top to.................... 305 feet
10 inch line g0es dOWN 0. ... .evurenneneeneanennnen.. 785.feet
8 inch line goes down to............ccuunen... e 1285 feet
6 inch line goes down tO............coviuiienn.. «... 1938 feet
12 inch line ‘was left clear to top on completion.

10 inch pipe waseut off at.......................... .. 200 feet
8inch pipe was cut off at............c.chiviriinennannn 690 feet
6 inch pipewas cut off at............... ... . i, 1185 feet

The temperature of the water as it is pumped from the well
is 63° Fahr®t. During the spring of 1918 50,000 to 80,000 gallons
were used per day. This is forced by air pressure into a reser-
voir holding 160,000 gallons, and then pumped into a tower the
capacity of which is 80,000 gallons. The cost is as follows:

Cost of well, including drilling and casing, completed in the summer

[ A P ... $17,000
Cost of pumping outfit, including air compressor, drum and pipe...... 2,500
Cost of reinforced concrete reservoir, 36 feet diameter, 16 feet under.

ground, 4 feet above ground, capacity 160,000 gallons............ 3,800
Water tower, capacity 80,000 gallons. . ......viuierininieenrierrenenes 4,500

$27,800

ANALYSIS BY THE DEARBORN CHEMICAL COMPANY, CHICAGO, NOVEM-
BER 26, 1917.

GRAINS PER
GALLON

13 05 U N PP .250
Oxides of Iron and Aluminum ......cot it ierienn i eaernenenas .090
Carbonate Of Lime....... ..ot i v e e w... .Trace
Sulphate of Lime..... e e e e e e e e e 23.901
Carbonate of Magnesia.......ocvuvrimineeeenneeennnnnn e e 12.953
Sulphate of Magnesia. .. .o .t rni ittt enee e Trace
Sulphates of Sodium and Potassium.............coiiiirirereanninnnnn 59.009
Chlorides of Sodium and Potassium..............c.ccovevnunnnn e 18.020
L0SS, BC. i i e e e e et e 124
Total soluble mineral SOlIdS..........c.viiiiirienriinniniinennnennns 114.347
Organic matter ..........cciiiviniiinn, et e, Trace
Suspended matter ........... . el N .350
Total soluble incrusting sollds grains per gallon.................... 37.194
Total solulle non-incrusting SOlldS, grains per gallon............... 77.153
Total mineral matter, grains per gallon of 231 cubic inches.......... 114.35
Pounds soluble incrusting solids per 1,000 U. S. gallons.............. 5.31
Pounds soluble non-incrusting solids per 1,000 U. S. galléns.......... 11.02

_ MThe records of temperature, cost of equipment, and analyses are kindly fur-
nished by Mr. G. I, Taylor, City Clerk, Stuart.
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Water from the tower is mixed with exhaust steam in the
heater, and the heated mixture is pumped into the boiler. From
the analysis of this mixture the composition of the compound-is
determined that must be added to water pumped into the boiler.

ANALYSIS OF WATER AS PUMPED INTO THE BOILER; DEARBORN
CHEMICAL COMPANY, NOVEMBER 26, 1917.

GRAINS PER
GALLON
1S5 0 U Y O 140
Oxides of Iron and AlumMinum. .......cvuirir it it eennnn .163
Carbonate of Lime.............. ... ... ... .0 e e e e e Trace
Sulphate of LAmMe.....cviii it i i it e ettt it 21.714
Carbonate of Magnesia ....... e e e e e e e s 6.985
Sulphate of Magnesia ...........ciiiiir ittt e 3.904
Sulphate of Sodium and Potassium..................... ... .... e 34.029
Chloride of Sodium and PotassiuBl...........cveniiiiiiriinnnnnnnnnns 14.790
Loss, etc..............._ ............................................. .269
Total soluble mineral solids.............. ... .. . i, 81.994
Oil and Organic Matter ........... ... ittt ittt _ Trace
Suspended Matter ........ i i e e e 1.402
Total soluble incrusting solids, grains per gallon.................... 29.002
Total soluble non-incrusting solids, grains per gallon.................. 52.992
Total mineral matter, grains per gallon of 231 cubic inches.......... 81.994
Pounds of soluble incrusting solids, per 1,000 U. S. gallons.......... 417
Pounds of soluble non-incrusting solids, per 1,000 U. S. gallons........ 57

Such a record impresses upon us the desirability of securing
complete data whenever public money is spent for a deep well.
The contract with the driller should require that he keep an
accurate and detailed record, which requirement should be
strictly adhered to. Sueh valuable information should be de-
posited at the office of the State Geological Survey, where it can
be placed at the service of the various city councils if they will’
but ask for the information.

Osceola is but sixty-eight feet below the level of Stuart. The
Saint Peter sandstone, a fine water carrier in the northeastern
portion of the state is, as recognized at Stuart, of too close a
texture to be a good water carrier at that place. At Osceola,
likewise, it should be anticipated that the Saint Peter sandstone
cannot be relied upon as an acceptable water carrier; but the
location of the top of it is important, as marking an horizon
already worked out for different portions of the state.” That
horizon is given as at 1,050 feet below sea level at Stuart and at

%See Plate I, Vol 21, Towa Geological Survey.
11
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1,400 feet below sea level at Osceola, a fall of 350 feet from
Stuart to Osceola. At Osceola this depth is 2,637 feet from the
surface of the upland. The driller at Stuart reached the base
- of the Saint Peter at a depth of 2,800 feet, which at Osceola
would be 3,150 feet. At Stuart the well was continued 221 feet
further, when an abundance of hard but not very satisfactory
water appeared. This depth corresponds to a depth of 3,371
feet at Osceola.

It is more than reasonable to anticipate that what is an excel-
lent water carrier at Stuart is also an excellent water carrier av
Osceola. This horizon is 1,271 feet deeper than the old well at
the court house is reported to have been sunk, and 2,071 feet
deeper than the new well at the standpipe.

The significance of this argument is conclusive: Osceola can
get such mineral water as Stuart has obtained if it will sink a
well to the depth of 3,371 feet, and install machinery of suffi-
cient power to force water up by air under a pressure of 1,500
pounds per square inch; but the water will be mineral water,
decidedly saline, not acceptable for drinking purposes, and a
very hard water for other uses.

Since no analysis has as yet been made of the mineral content
of water from the new 1,300 foot well at Osceola, no direct com-
parison is now possible between that water and water from the
3,021 foot well at Stuart. Certainly there is at present no
inducement to reach the lower level,

Pit and Quarry Products

Stone—For many years limestone has been quarried at the
Carpenter, Short and Carter quarries northwest of Osceola, and
to some extent also in section 14 of Green Bay township, at
which places limestone up to fifteen inches thick has been ob-
tained chiefly for building purposes. The following is the pro-
duction summarized from the various volumes of the Iowa
Geological Survey:
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PRODUCTION OF LIMESTONE IN CLARKE COUNTY

w
=]
. . :
@ ] EES8 5B ] 2
B 2 ZB 3 EeE 5 2 g
P A AORK eyt m = =
1897 $237.50 $1,075 $35 $1,347.50
1898 3 755. 1,683 2,338.
1901 $232 75. 1,150 1,457
1903 7 1,435 1,435.
1904 7 198 542. 2,368 80 3,186.
1905 5 900 40, 1,450 0% | 2,400
1907 1,138 1,138,
1908 4 600 745 1,345.

*Crushed stone for road.

Analyses of this limestone and also of limestone belonging to
these same strata but quarried at Winterset and Earlham are
here inserted as representing the composition of similar lime-
stone at the quarries northwest of Osceola. All data here given
are from volumes XV and XVII, Towa Geological Survey.

ANALYSES OF LIMESTONE,

CoMPOSITION
3
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Carpenter quarry, Osceola....| 8.64|1.64|88.92(0.62 A. 0. Anderson
Carpenter quarry, Osceola....| 8.90]1.20|89.30(0.06 0.28 | A. O. Anderson
Carpenter quarry, Osceola....|13.72|1.26|82.60|2.05 0.59 | A. O. Anderson
Robertson quarry, Barlham . .
(composite sample) ........ 7.85|1.0091.15]0.61 L, G. Michael
Earltham (composite sample)..|10.92|2.37|84.87|1.58 Geo. Steiger
Peru (composite sample)..... 17.16|2.64|72.76 | 2.86| .95(0.30| L. G. Michael
Winterset ................... 12.63 |1.18 | 84.34 | 2.19 0.02 | A. O. Anderson
De Kalb (partial analysis)... 91.96 | 1.99 0.07 | J. B. Weems
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In the crushing tests the limestone from Winterset failed at
4,588 pounds per square inch, a strength sufficient for all ordi-
nary local purposes for which the limestone is likely to be used.

Analyses of shale from between the beds of limestone (I)
northwest of Osceola, analyzed by C. E. Ellis, (II) and (III)
at Winterset, analyzed by A. O. Anderson, are as follows:

1 1I 111

Silica (Si02) ....... it 55.52 26.72 64.74
Alumina (Al:QOs) .................... 14.51 3.83 18.07
Ferric oxide (Fe:0s) ........covvvunn.. 9.09 3.11 6.90
Lime (Ca0) .............oviiinnn. 5.00 36.08 1.25
Magnesia (Mg0Q) .................... 2.60 0.48 1.30
Potash (K:0) .......cooiviiaiinn.. 1.50 1.12 1.09
Soda (Na20) ...........ciiieinienn. 1.32 0.18 0.41
Sulphur trioxide (S80:) .............. 0.28 ! 0.22 0.15
Moisture .......ciiiiiiiii i 139 0.565 1.99
Loss on ignition .................... 8.28 28.40 4.15

' 99.49 . 100.69 100.06
Hydraulic Factor .................... 2809 ...l ' 2678

Lime—TFor many years limestone of the composition above
described was burned for lime at Winterset and also at Peru.
Partly because of the cost of burning, and partly because of the
quickness with which the lime set (the stone used was low in
magnesia), the slower setting lime shipped in from further east
secured the market. One attempting tp burn lime northwest
of Osceola for the local market should first ascertain the amount
of magnesia in the yellow uppermost beds, since these probably
contain more than the lower and whiter layers. From an analy-
sis of these beds and the analyses above given a mixture might
be obtained that would set with the desired slowness. The con-
ditions are, however, not encouraging for the manufacture of
lime on anything more than a very small scale for local use.

Cement.**—The lack of water power for cheap power in grind-
ing, the necessity of importing coal (from Lucas county or else-
where) not only for caleining but also for power, and competi-
tion in the local market with cement shipped in from well loeat-
ed plants doing business on a large scale, preclude the possi-
bility of a successful plant for the manufacture of Portland
cement. The fact that Portland -cement is better than natural
cement and costs but little more in manufacture, seems also to

“Qn thig subject attention is called to the admirable discussions of cements pub-
lished in volumes XV, XVII and XXIV of the Iowa Geological Survey.
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~

preclude the possibility of a successful plant for the manufacture
of natural cement, even though mixtures of shale and limestone
suitable for cement can easily be selected.

Good Streets and Country Roads.—It is doubtful if the pros-
pective market for crushed rock and dimension stone in towns
along the Chicago, Burlington and Quiney railroad will warrant
the extension of a side track from Osceola two miles northwest
down into the quarries, though the possibility of opening an
industry is worthy of consideration. Whether or not the
quarries are opened on a large scale, Osceola has near at hand
a source of crushed stone of the quality commonly used in the
foundation for asphalt, creosote block, and brick paving. It also
has in the same quarries a source of material for cement which
can be used to cement the crushed stone together, though at
present it appears better to purchase cement in the open market.
On this bed can bé placed the imported asphalt, the creosote
blocks or vitrified brick; or a cheaper surfacing material can
be obtained in the limestone siftings from the same quarries,
preferably mixed with cement, laid without the aid of a steam
roller or the services of skilled bricklayers. For a surface
binder to lay the dust the experiments of the U. S. Department
of Agriculture as thus far completed indicate that waste sulphite
liquor®” is suitable where crude oil is objectionable.

For most country roads undoubtedly reliance must for many
years rest on good drainage and crowning. For the general
improvement of country roads the government tests suggest
that in a clayey region like that of Clarke county sand be worked
into the clay.®®* Sometime it may be possible to build good road
beds twelve to twenty feet in width of erushed limestone, cement
~ or brick in places that are now almost impassable as the ground
thaws out in the spring.

On all questions of improvements there is a factor that must
be dealt with. The voter has a right to test and to pass judgment
upon the desirability of an undertaking. He may prefer an
19107 0. S Dept, of PAgtioiture Office of Publie Roade, Cireuiar Moo o4, o 38, o
No. &1, DS “opte of agmieulture, Oftide. oF Public Roads, 5. 17 1813, Sand-Clay
and Earth Roads in the Middle West; Circular No. 91, U. S. Dept. of Agriculture,

Office of Public Roads, pp. 15-16, 1910; and W. L. Spoon, Sand-Clay and Burnt-Clay
Roads; Farmer’s Bulletin 811, U. 8. Dept. of Agriculture, pp. 13-16, 1907, .
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asphalt or a vitrified brick surface instead of the limestone sift-
ings or sand-clay, and choose to pay the difference. A mile of |
good roadway tested for even a spring or two will prove a good
roads argument that will attract the attention of people from all
parts of the county, and help in the furtherance of improve-
ments.

Bowlders—Bowlders of various kinds of stone may be found
in ravines and on hillsides in all parts of the county, affording
material for rough work.

Sand.—Sand washed from the drift collects in small beds
along creeks where it may be obtained for local use. It is in
many cases mixed with soil, and is not in large beds. It may
serve for plaster and also for cement when well selected or
washed.

Clay Products

The record of brick manufactured in the years 1900 and 1903
state the total production for Clarke county to be four hundred

thousand each year of common brick, with a total value each
year of from $2,500 to $2,800.

The Siegel Brick and Tile Yard was operated for many years.
It is located in the southeastern part of Osceola (southeast
quarter of the southwest quarter of section 20), one hundred
and twenty feet below the upland and about ten feet above the
creek to the south. In the last year that it was operated (1911)
120,000 brick were burned.

The face of the clay pit showed ten feet of clay somewhat
laminated, containing very little grit, but few pebbles, and these
below two inches in diameter. Considerable oxidation is evi-
dent along planes in the clay. Beneath this clay (but not ex-
posed at time of visit) Mr. Siegel states there is a yellow clay
with pebbles and bowlders. The clay is gumbotil at the surface
of the Nebraskan drift. In various parts of the county clay of
equal value for common brick may be found; but shale, that can
be worked stiff into the best of brick and tile, is not exposed in
the county, however close to the surface it may actually be in
places. Clarke county must rely on the produets from other
counties for its high grade building and paving brick.
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Coal

In the discussion given of the Des Moines formation, which is
the chief coal bearing formation in the state, it is evident that
though that formation lies next beneath the drift in the north-
eastern half of the county, there is little evidence that the strata
near the surface bear coal. In other counties to the mortheast
and east®® of Clarke county most of the coal is reported from
the lower portions of the Des Moines strata, though a few thin
seams are reported in the upper portions, such as the one which
Mr. Wood encountered in section 28 of Franklin township.
About two miles east of the county are located the old Cleveland
mines where a few years ago extensive mining operations were
under way in which coal was obtained at a depth of 318 feet.
At points further east there are several mines. To the south,
at Leon, coal is found at a depth of about 500 feet. It is thus
probable that one prospecting for coal in Clarke county must ex-
pect to penetrate not only the drift which extends even below the
beds of the creeks, but also nearly the entire thickness of the Des
Moines formation. As a datum plane from which to measure,
the base of the Hertha limestone is especially valuable. In a
line northwest-southeast across the county this plane is at the
level of South river in section 5 of Washington township; a few
feet (perhaps ten) below the bed of Squaw creek in section 6 of
Osceola township, and at about the level of White Breast creek
in section 3 of Franklin township. Beneath this plane the pros-
pector should plan to penetrate a maximum of not less than four
hundred feet and not more than five hundred.” In the north-
east corner of the county the depth would be approximately one
hundred and fifty feet less from the water level in Otter creek.
Ewven at these depths the coal in this horizon is not found else-
where to extend regularly but to lie in basins, with seams often
only two feet in thickness and rarely over five.

‘While the present demand for coal does not warrant extensive
prospecting, it seems certain that sometime the eastern part of
m-rren county see Geology of Warren County: Iowa Geol. Survey, Vol. V,
Dages 188 81, 1508 “For Tucas county see VoL XIX, pp 218231, A sompeta re:
port on this county will be published soon. For Decatur county see Vol. XIX, pp.
246-253, which report contains records of prospect drilling:

190’8".See Henry Hinds, Coal Deposits of Iowa: Iowa Geol. Survey, Vol. XIX, p. 217,
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the county, especially along the Chicago, Burlington and
Quiney railroad, will be thoroughly prospected to ascertain
whether the coal-bearing portion of the Des Moines formation is
here productive and where the coal basins lie. "With seams so
‘irregular only the general location of the horizon can be pre-
dicted; all details must come from actual borings.

Southwest of the line described from the northwestern corner
of Washington township, through Osceola to the southwestern
corner of Franklin township, it does not seem probable that
conditions of the market will ever warrant prospecting for coal.
In this portion of the county not only do limestone beds of the
Missouri formation in addition to the heavy deposits of drift
overlie the Des Moines formation, but the beds, including the
Des Moines formation with whatever of coal it may possibly
there contain, dip steeply to the southwest, so that within so
short a distance as Grand river, near the southwest corner of
‘Clarke county, beds which are stratigraphically about one hun-
dred and fifty feet above the limestone near Osceola are close
to the level of low water in Grand river. Here a total of about
two hundred and forty feet of the Missouri formation must be
penetrated before the top of the Des Moines formation is
reached, and then four hundred to five hundred feet of the Des
Moines formation. On the upland the heavy drift which seems
to occupy much of the distance from the upland to the river
level also must be penetrated. (It is reported.that limestone
was reached at a depth of about one hundred and fifty feet at
Hopeville. It is two hundred and fourteen feet from Hopeville
down to the level of Grand river.)

Peat

Aftonian peat mentioned as found in section 21 of Troy town-
ship was pure enough to burn; but there is no evidence at hand
that it is worth digging for fuel.
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GEOLOGY OF CASS COUNTY

INTRODUCTION

Location and Area—Cass county is the second east of the
- Missouri river and the third north of the Iowa-Missouri line.
It includes Townships 74 to 77 North and Ranges XXXIV to
XXXVII west of the Fifth Principal Meridian. Its 576 square
miles divided into sixteen full townships of rich farm land sur-
round its enterprising towns of Atlantic, Wiota, Anita, Marne,
Lewis, Griswold, Cumberland and Massena, among which
Atlantic has an enviable reputation as one of the best business
centers between Des Moines and Council Bluffs. ‘
Historical References—A mile west of Lewis is the site of
old Indiantown, located beside a former chief village of the
Pottawattamie Indians. The former beautiful spring nearby .
where the Indians got their water from the base of a sandstone
bluff is now a watering place in a pasture. Of the numerous
graves on the hillsides scarcely a mound can now be seen.
South of Lewis another beautiful center of Indian life is still
a gem. in-scenery: Crystal Lake. Just south of the center of the
county is the line of the old trail north of Cumberland, to the ford
at Lewis, and then west, on toward Council Bluffs. On the hill-
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side at the ford the wheel ruts are still visible winding up the
steep bank from the ford below the mill at Lewis Now this
line of early travel is unused, for the main line of the Chicago,
Rock Island and Pacific Railway crosses the northern half of
the county.

Previows Geological Work.—When David Dale Owen had
completed his trip up Des Moines river to study the formations
along that river for a report to Congress he sent his party with
the canoes and collections down the river from Des Moines while
he himself took a hasty trip along the old trail from Des Moines
to Council Bluffs. He mentions crossing North river, Middle
river, Clanton creek, Grand river, two branches of the Nodaway,
and the East, Middle and West branches of Nishrabotna river.
It was only on the latter stream that any rock were found in
place, for the old trail avoided the rough ground, where in a
few places stratified rocks were to be seen. The brief mention
that he gives of the soft brown sandstone and of three beds of
limestone, ‘‘the intervening faces between the beds are hidden
from view,’’ make it evident that he crossed the East Nishnabot-
na at Lewis. In his further statement that ‘‘a light colored grit-
stone is found in a grove one mile east of the same stream’’ he
undoubtedly refers to the ‘Crystal Lake’’ bluffs near Lewis.

The work of James Hall and of James D. Whitney described
in the ‘‘Report on the Geological Survey of the State of Iowa,”’
1858, was chiefly upon the eastern portion of the state, work
upon the western portion having been discontinued because the
people were not then awake to the need and the magnitude of
the undertaking. The views of those early geologists as they
extended their work westward are worthy of note: ‘‘The
formations throughout the southern, eastern and central parts
of the state, are all of snuch a character as to produce soils of im-
mense agricultural capacities; and the geological structure of
the state clearly indicates that her agricultural products, her
coal mines, and beds of gypsum, will constitute her greatness
of resources and her future wealth.””” In the preceding para-
graph they also stated that, ‘‘All the intermediate rocks are

1451H1£181158and Whitney, “Report on the Geological Survey of the State of Iowa,” p.



WORK OF WHITE 177

more or less calcareous, affording an abundance of lime and
ordinary building stone, and some of them hydraulic cement.’’
As they glanced westward in the state they called attention to
the possible relation of strata here to strata on which some
work had been done in Missouri and along the eastern slope of
the Rocky Mountains. Already the peculiar distribution of the
flora had attracted their attention, leading to the great problems
of the loess and gumbo on which problems considerable work has
since been necessary to lead to an understanding of their rela-
tions. They approached their problems from a study of condi-
tions in Michigan where the treeless areas were sites of former
lakes now filled with silt, and they suspected that the prairie
regions to the south and west also were of this origin, and were
drained and trenched during a later upheaval.®* White in 1870
quotes® this view of Hall, and proceeds to describe the distribu-
tion of this ‘‘bluff deposit’’ over western Jowa, especially along
a line across the northcentral part of the state. That he recog-
nized a ‘‘gumbo’’ as distinct from a loess is-evident in his con-
trast of the upland soil of southcentral Towa with the soil of
the ground moraine in the northeentral part and the so-called
“bluff deposit,’’ or loess, of the western part of the state. His
judgment was influenced by the prevailing view of the time that
there was but one glacial drift,* which was that most abundantly
found in the northeentral part of the state. Fvidently his thick
“bluff deposit’’ of the western part of the state included both
the 16ess and the upper gumbo (Kansan gumbotil).

- White erroneously correlates the limestone and adjacent
shale found at Lewis® with numbers 6 to 9 inclusive .of his Win-
terset section,’ and mentions the coal” farther south as included
in 6 to 10 of his Winterset section. He thought that this seam
of coal, six inches thick on the average, lay in an approximately
horizontal position within the area of a large triangle south of

Cass county, which horizontal plane continued northward 1s

2Idem. p. 25.
6, 1=§370A ‘White, “Report on the Geological Survey of the State of Iowa,” Vol. II, p.

‘See his description. of the origin of the soil in southcentral Iowa from tht
erosion of Carboniferous shale instead of from drift, page 9 of the same report; and
his diagram of the distribution of the “bluff deposn; page 7, Vol. Il

SIdem. Vol. I, p. 265.

*Idem. Vol. I, p. 246.

"Idem. Vol. I, p. 267 and 375.

2
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near the level of the beds of the streams in southern Cass county.
The plan that he outlines for determining the facts with refer-
ence to the presence of coal® has in part been carried out, and
some information is now obtainable from borings. Dr. George
L. Smith has since done much toward deciphering the peculiar
‘relation of strata in the southwestern part of the state. White’s
greatest contribution to the knowledge of the possible distribu-
tion of coal was his proof that the coal did not lie in a great
basin bounded on the east by the Burlington limestone, and on
the west by the same bed of limestone outeropping at Winterset.
By a careful study of the fossils he ascertained that these lime-
stone beds at Winterset (and farther west in the area including
Cass county) were far above, and thus younger in age, than the
beds at Burlington,” and that they dipped to the south in the
southern part of the state. Hence it was possible that seams of
coal such as were mined near Des Moines might exist southwest
beneath those limestone beds in_the western part of the state,
though they.would be too deep for exploitation for many years.

The sandstone near Lewis White recognized as Cretaceous in
age and gave it the provisional local name, ‘‘Nishnabotna sand-
stone,” though on comparing it with sandstone found farther
west in the country, hé stated that he had no ‘‘doubt that the
lowest portion of ours is equivalent to a part of their Dakota
group.’”* The name Nishnahotna sandstone persisted till Calvin
brought forward the final proof and substituted the general
name, Dakota sandstone, for the local name.’* Bain, at work
in Guthrie county, also referred to the Dakota sandstone, which
extends eastward into that county. It was thus fully recognized
that these brown and white sandstones are a part of the exten-
sive beds that are known to exist far to the west beneath the
“great plains,’’ even to the Rocky mountains.

In volume XIX of the Towa Geological Survey may be found a
valuable paper by George T.. Smith, M. I, on ¢“The Carbonifer-
ous Section of Southwestern Towa,”” in which outerops to the

south of Cass county are described. Farther to the south in
AT i
Slggg-n.‘@g'l.%, pfyp.282999. See also p. 286, recognizing Jules Marcou as the first to

recognize the presence of Cretaceous strata in Jowa.
125 Calvin, American Geologist, Vol. II, p. 300.
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Missouri there is a series of outcrops of these same beds which
have been recently described by Hinds and Greene in volume 13
of the Missouri Bureau of Geology and Mines: ‘‘The Stratig-
raphy of the Pennsylvanian Series in Missouri,’’ thus continu-
ing the work of Broadhead. On pages 1117 to 1124 of volume
XXT of the Towa Geological Survey may be found the data re-
ported by H. E. Simpson and W. H. Norton in their work upon
the ‘“‘Underground Water Resources of Iowa.”’

As work upon the present survey progressed the study of Cass
county was assigned to James Ellis Gow, who had then just com-
pleted the study of Adair county. The study of Cass county was
nearly completed by Mr. Gow and the work of writing up the
report had just been begun when his death occurred. So little
of the manusecript was completed (five pages) that a complete re-
survey was necessary. This work was assigned to the present
writer, who has devoted the summers of 1916 and 1917 to the
problems.

In the last few years much has been done to differentiate the
various drift sheets and to study the interglacial deposits
throughout the state. That which is of greatest value for use in
Cass county has to do with the recognition of a Nebraskan till
plain that appears on the hillsides of the deepest valleys in the
county, and with the causes that have operated to produce the
Nebraskan gumbotil, and also the upper, or Kansan, gumbotil®.
A paper will soon be published by G. F. Kay and J. N. Pearce in
which the origin of gumbotil from the standpoint of investiga-
tions in the field and in the chemical laboratory will be d1scussed
fully. E

PHYSIOGRAPHY
Land Form

Topography.—The upland of Cass county is a part of an
extensive drift plain sloping gently toward the southwest- and
trenched by streams that flow south and southwest and mantled
by loess. Iach of the large valleys has a well developed flood
plain bordered by a conspicuous terrace.

BKay, George F.. “Gumbotil, A New Term in Pleistocene Geology;’ Science, New
Serics, Vol, XLIV, Nov. 3, 1916,
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Along the east side of the county the West Nodaway and vari-
ous tributaries rise close to the county line and drain the south-
eastern half of the county. Farther north Turkey creek heads a
Tew miles east of the northeast corner of the county, along the
crest of the great divide of Towa that separates the area drained
to the Mississippi from that drained to the Missouri. Trouble-
some creek and East Nishnabotna river rise farther away along
the same divide in the east and northern portions of Audubon
county. Indian creek, flowing south near the west county line,
rises at a distance from the divide and drains the area between .
the East Nishnabotna and the Kast Fork of the West Nishna-

F16. 23.—View looking northwest across the valley of Nishnabotna river from the
dome of the Court House at Atlantie, Cass county.

botna. With this arrangement of streams there is a correspond-
ing gradation in the topography. Along the eastern portion of
the eounty the surface is rolling. If one follows down the
streams of this region the valleys are seen to be progressively
deeper and broader to the south and southwest. The deeper and
broader portions of each valley contain not only a flood plain but
also a low terrace, or second bottom. Along Turkey, Trouble-
some and Indian creeks, and especially along the East Nishna-
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botna, the chief streams of the county, the flood plain is very con-
spicuous and is bounded by lines tangential to the outside curves
of a broad meander belt. Along Kast Nishnabotna river and In-
dian creek flooding is now diminished by drainage canals. Bor-

dering these flood plains is a low terrace eight feet above the
flood plain. South of Lewis to the county line this terrace broad-
ens out to a conspicuous plain from one to three miles wide.
North of Lewis even to the north county line it broadens out in
places to a width of a mile. ' ‘

~ The slopes from the Kansan upland plain down toward the
bottom land along the rivers in the southwest third of the county

, Oass Councy.
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Fia. 24—IFlood plains and terraces where these are conspicuous in Cass county.
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are broken in a peculiar and interesting manner by a few small
but picturesque nooks along cliffs of sandstone, parts of a to-
pography of a bygone age that have been brought to light by ero-
sion of drift that had concealed them. One stretch of such scen-
ery lies along the west side of- the river west and northwest of
Griswold, just weést of the county line. Another is at Spring
creek, a mile west of Lewis. A third, and the most beautiful of
all, is south of Lewis at Crystal Lake, and along the line of the
old quarry on the east side of the road near by. A fourth is in
section 33 of Beargrove township, and a fifth is in section 31 of
Noble township. Several smaller outerops of this sandstone
are to be found, but these five are little gems of scenery adding
beauty to the topography by contrast. In a few places the regu-
lar profiles of valleys eroded in drift are broken by ledges of
limestone that, like the sandstone, have been discovered by
erosion of the drift. The most conspicuous disclosure is at
Lewis, where the limestone is the site of a dam for water power,
and a mile further west where Spring creek falls over a low
ledge near the road. Old quarry faces rise above the stream in
section 36 of Noble township and 31 of Edna township.

The relief for the county as a whole is about 360 feet. Along
the eastern side of Lincoln township the local relief is slight. It
inereases in amount west and south till it reaches a maximum in
the southwest quarter of the county. It is most rugged along
the south county line, which crosses the streams and divides at
right angles, where- valleys are deepest.

TABLE OF ELEVATIONS

FEET
Railway station at Massenat.............ovviiiiiiiiianns 1,211
. Level of creek bed a few yards south of Massena stationi.... 1,183
Crest of hill north of Massena§..................conn . 1,306
Southwest corner of Massena townshipi........... . 1,206
Center of Massena township§................... ) . 1,316
Crest of ridge one mile south of Massenaf.......... . 1,306
Railway station at Cumberlandy........................... 1,223
Level of Seven-mile creek 1lsmiles north of Cumberland§... 1,105
First hill top south of Cumberlandt........................ 1,317
Top of shaft at Briscoet..... ...t 1,135
River bed at Fox Quarries (Sw. qr. of sec. 31, Edna Twp.)i.. 1,102
Railway station at Lewist............ooveiiiiiiii, 1,157
Bed of river below dam at Lewisf............coiviiiiunnn 1,093
Crest of hill at Lewis§....... ...t iiiiinnns 1,208

Base of sandstone, Spring creek, west of Lewisf............ 1,102
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Bed of Spring creek west of Lewisi........................ 1,080
Railway station at Griswoldy................ ... et 1,098
Bed of river west of Griswoldi............. i, 1,076
Railway station at Marne*............. ... vnn.y e 1,194
Abutment of bridge 444, 3 miles east of Marne*............ 1,212
Railway station at Atlantic*............co.iiiiieernn.nn 1,160
Bed of river west of Atlantief............ ... ... .. ... ..... 1,124
Bed of Turkey creek south of Atlantic (se. qr. sec. 28, Grove
twp ) e 1,136
Court House, Atlantic* ....... ..ottt nnnnanss 1,216
Vista Place, Atlantici ......... ... i i, 1,292
Abutment of R. R. bridge 440, 14 mile east of Atlantlc‘ ...... 1,156
Railroad station at Lorah*........... ... . ... . i 1,204
Creek bed east of Lorahf......... ..ot iinnnnnnnen 1,184
Railroad. station at Wiota*............ ... . .ot 1,205
Bed of Turkey creek at Wiotai..................... ...t 1,185
Railway station at Anita*............ ..o iiieiiinnnn 1,258
Bed of Turkey creek at Anita.......... .. ot 1,236
Railroad culvert one mile west of Anita*................... 1,244
Railroad culvert three miles west of Amita*................ 1,233
Base of Missouri limestone Eureka shaft, southeast of Anita 1,198
Rellef, section 7, Brighton townshipf....................... 146°
Relief, section 1, Benton townshipf.......c.oovivvriinnn.n. 125
Relief, sections 15-16, Benton townshipf.................... 113
Relief, section 35, Franklin townshipi.........ccoiieivinininnn 85
Relief, three miles south of Anitat.............c.cvivn..nn. 143
*Spirit Levelling in Towa”, Bull. 460, U, 8. G. §.
tGannet’s “Dictionary of Altlt.udes” Bull 274, U. S. G. 8.
$Barometric data by James Ellis Gow
IBarometric data by John L. Tilton.
GRADIENTS OF STREAMS
' DISTANCE TOTAL FALL FALL PER
MILES FEET MILE, FEET
Lorah to Atlantic ................... 614 : 60 9.6
Atlantic to Lewis.................... 11. .31 2.8
Atlantic to Griswold................. 21. 48 2.3
Lewis to Griswold .................. 10. 17 1.7
Lewis to Stennett ................... 21.1-3 50 2.3
Griswold to Elliott................... 7.1-3 29 4.
Elliott to Stennett................... 4 4 1.
Anita to Wiota ........... ... 0 7 51 7.3
Wiota to Lewis...........c.ivvvnnn 12. 100 8.1-3
Cumberland to-Fox Quarry.......... 8.5 103 12.1
Massena to FOX QUArry.......cvvvennn 10.5 181 17.

The gradients of the streams given in the table are based on

data from the sources named in the Table of Elevations. Dis-
T aees
H £ 5 ]
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16. 25.—An approximate profile north and south through the centers of Pymosa.

Grove, Beargrove and Noble townships, Cass county.
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tances are measured along straight lines from one location to
another; those along the Nishnabotna were projected on one
straight line used as a base line,

The comparatively high gradient in the eastern and north-
eastern part of the county is partly due to the winding .course of
the streams, which increases considerably the actual distance the
water flows, and partly due to the steeper gradient of the eros-
ional curve in the upper course of a stream. There is but one
break in the gradient, which is at the dam eight feet high at
Lewis.

The origin of the topography is best considered in connection
with the various deposits, especially those of the Kansan and
post-Kansan stages. It should be noted that prior to the present
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F16. 26.—Amn approximate profile west by north on a straight line through Massena,
Cumberland, Lewls, and Iranistan, Cass county.

landscape on which we live there have been within the limits of
Cass county and on the deposits here described, three landscapes
preceding the present one. These four landscapes are as fol-
lows:

1st. On the Missouri limestone and shale, that are chiefly of
marine origin,

2nd. On the Dakota sandstone.

3rd. On the Nebraskan glacial drift.

4th. On the Kansan glacial drift. This, with its modifica-
tion of loess, is the present landscape.

The character and relation of these deposits and the sequence
of events will now be presented in order.

STRATIGRAPHY
NOMENCLATURE

The various limestones at Winterset have not as yet been di-
rectly connected through intermediate beds in Iowa with the
formations of southwestern Iowa because of the thick deposits
of drift that conceal all underlying deposits except in a few local+
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ities at considerable distance from each other. Fortunately,
however, the formations in Madison, Decatur and Clarke coun-
ties have been connected with those at Bethany Falls, Missouri,
and thus with the series of outerops along Missouri river to Kan-
sas City, a series first worked out by Broadhead'* and recentiy
reviewed by Hinds and Greene. To the west end of this long
series of outerops G. I.. Smith has connected outerops in south-
western Towa®, and continued the series northeast to Stennett a
' few miles southwest of Cass county, and to Briscoe south of
Cumberland.

Not only is the work along Missouri river in Missouri essen-
tial to work in southwestern Iowa, but also the work in Nebraska
and in Kansas, for in those states the same formations appear .
that are found in southwestern Towa. The strata in these differ-
ent areas must be correlated.

Because of work from different starting points different
names have been proposed for various important sets of strata,
and different groupings proposed. Charles R. Keyes in 1899,
seeking to codrdinate these different names, proposed a series of
terms that were accepted with some modifications by G. L. Smith
in his report of the ‘‘Carboniferous Section of Southwestern
Towa.”” Recently Hinds and Greene in reviewing the work of
Broadhead and correlating strata in Missouri with those in Kan-
sas, have presented their reasons for refusing to accept some
of the names adopted by Keyes and by Smith and have given a
clear, systematic arrangement of terms based not only on the
Missouri section but also on the Kansas and Iowa sections. With
the exception of the use of Drum liméstone instead of De Kalb
limestone all the variations from previous nomenclature used in
Towa seem well grounded and acceptable. It is not the present
intention to discuss the relative merits and priority of the differ-
ent terms. This has been nicely done both by Keyes in his early
papers,. and by Hinds and Greene in their recent review of the
terms in the light of the latest research. It is necessary, how-
ever, to compare the terms as used by Keyes and by Smith with
those used by Hinds and Greene and by Condra and Bengtson.

UG, C. Broadhead, “Coal Measures of Missouri,” Transactiong of the St. Louls
Academy of Science, Vol 2, 1868 (rea.d May 6, 1862 ).
LHenry Hmds and F. C. Greene, “The Stratng‘ra.phy of the Pennsylvanian Series
in Missouri,” Missouri Bureau of Geolog’y and Mines, Vol. 13, Second Series 1915.
18George L. Smith, Carbomferous Sectlon of Southwestern Iowa,” Iorwa, Geo-
logical Survey, Vol XIX.
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STRAT. PENN. SERIES IN Proc. Iowa
MI18SOURI Acap. Scr
FEKT
Cottonwood ls.
1004 Wabaunsee
Tarkio Is.
\ Atchison sh.
350-475 Shawnee
Scranton sh.
Howard Is. Osage sh.
Severy sh."®
Topeka Is. .......... Topeka Is.
Calhoun sh. Calhoun sh.
Deer Creek lIs. Forbes ls.

Tecumsey sh.
Lecompton 1Is.

Tecumsey sh.
Lecompton Is.

Kanwaka sh.
200-300 Douglas

Lecompton sh.

Oread Is. Plattsmouth Is.

Lawrence sh. Andrew sh.

Tatan Is. Iatan Is.

Weston sh. ‘Weston sh.
100-140 Lansing

Stanton 1§. Stanton Is.

Vilas sh.

Plattsburgh ls. Parkville sh.

Lane sh. ...
200-225 Kansas City

Tola ls. Tola ls.

Chanute sh.

Drum lIs. ]'Thayer sh.

Cherryvale sh.

Winterset 1s.

Galesburg sh.

Bethany Falls Is. Bethany lIs.

Ladore sh.

Hertha Is.

950-1140

Conpra™ anp BENeT- G. L. Saurx, VoL XIX,

SON
NO.

18
- 17
16
16
14

Tarkio
Preston
Fargo
Burlingame
Rulo

N 13
12
11
10

Ashland
Southbend
Louisville
Union
Meadow

Platte sh. Forbes

Cedar Creek
Cullom

<=1

Plattsmouth
‘Weeping Water
Oreopolis
Sturm
Nehawka

= o OT

}Lawrence sh.

Iowa GEOLOGICAL
SURVEY
FEET
M’Kissicks Grove sh. 75
Tarkio 1s. ......... 25
City Bluffs Beds....210

Bradyville 1s. ...... 45
Forbes 1s. ......... 18
Platte sh. ......... 86
Plattsmouth lIs. .... 40
Andrew sh. ........ 172
Jatan Is. ........... 16
‘Weston sh. ........ 76
Plattsburg Is. ...... 19

Parkville sh. (in-
cluding Tola) .... 22

Bethany Is. ........

[ Atchison sh.

OrHER NAMES

Admire sh.
Barclay, Emporia 1s.
Willard sh.

Hartford lIs.

-Stennett, Nodaway

Strawn, Kickapoo, Ot-
tawa

Piqua, Garnett, Burling-
ton, Cave Rock

{Leroy sh.

Carlyle ls.

‘Westerville 1s., Cement
City 1s., DeKalb,
Fusulina, Dennis

Earlham, Mound Valley

Fragmental Is.
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The part of the section along Missouri river that especially
relates to the work in Cass county is the Shawnee formation, in
which it will be seen that the Osage shales of Keyes are divided
by Hinds and Greene into two divisions of shale with a limestone
between. It will also be noted that G. L. Smith gives the name,
Bradyville limestone, to the cap rock of the Nodaway coal, which
coal in the Missouri river section is in the Severy shale, overlain
by the Howard limestone. Since the name Howard limestone
was proposed and defined in 1898 and the name Scranton shale
in 1908, both terms must be used in preference to Bradyville
limestone and City Bluff beds, both of which terms were pro-
posed in 1909, though they had been under consideration prior
to that time. Forbes limestone as used by G. L. Smith seems in
the general section®®, but not in the records of core drilling; to
include not only the thin beds of shale between the beds of lime-
stone but also shale both above and below the limestones, Keyes
recognizes the Forbes limestone as one of the subdivisions of the
Platte shale. The other subdivisions are the same as those
adopted by Hinds and Greene, excepting that Kanwaka shale
supersedes Lecompton shale, the name Lecompton being retained
for the limestone member.

In the table that follows Shawnee, Douglas, Lamsing and
Kansas City are mentioned as divisions of the Missouri stage,
that the subdivisions may be listed as substages, but the beds

listed as in general limestone contain partings of shale, and those
listed as shale may include what is limestone.

SYNOPTICAL TABLE OF FORMATIONS

CHARACTER OF

GROUP BYSTEM SERIES STAGE SUBSTAGE ROCKS
AHuvium and
Recent other surface
. soil, clay and
Cenozoic |Quaternary sand.
Pleistocene |Peorian Deposits of loess.

“Condra and Bengtson, ‘“The Peénnsylvania Formations of Southeastern
Nebraska,” Nebraska Academy of Science Publication, Vol. 9, No. 2.
c The correlation here given of the subdivisions in Nebraska Is by Dr. George E.
ondra.

8Contains the Nodaway coal seam of Iowa, which is correlated as near the
Quitman and Osage- Topeka coal seams.

YGeorge L. Smith, ‘‘Carboniferous Section of Southwestern Iowa,” Iowa Geologlcal
Survey, Vol. XIX, p. 655, 1908,
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SYNOPTICAL TABLE OF FORMATIONS—‘(Continued)
Yarmouth Kansan gumbotil.
Kansan T brift (bowlder
clay).
; Pleisto- —_-
Quaternary =57 0 Aftonian Nebraskan gum-
Cenozoic botil.
Nebraskan Drift (bowlder
clay).
Tertiary Pliocene Ozarkian Bog and other de-
] posits.
Mesozoir Cretaceous |Upper Sandstone, a lit-
Creta- Dakota tle shale.
ceous |
Scranton Shale. -
Howard Limestone.
Severy Shale; Nodaway
) coal.
. Topeka Limestone.
Shawnee [
Division |Calhoun Shale.
Deer Creek Limestone.
Tecumsey |Shale.
Lecompton |Limestone.
Kanwaka Shale.
Oread Limestone.
Douglas Lawrence_ Shale.
| Division |1atan Limestone.
Weston Shale.
Paleozole | Carbon- Pennsyl- Stanton Limestone.
iferous vanian o - :
. 2| Lansing Vilas Shale.
14 Bptiradst
é Division | pjattshurgh | Limestone.
Lane Shale.
Iola Limestone.
Chanute Shale.
DeKalb Limestone,
Cherry- Shale.
: Kansas vale .
City Winterset |Limestone.
Division Galesburg |Shale.
Bethany Limestone.
Falls
Ladore Shale.
Hertha Limeston_e
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GENERAL RELATIONS

The formations in Cass county represent five series: the Penn-
sylvanian, the Upper Cretaceous, the Pliocene, the Pleistocene,
and the Recent.

In the Pennsylvanian series only a portion of what is known as
the Shawnee formation, or division, of the Missouri, is visible at
the surface in Cass county, other divisions being concealed. The
limestone was laid down when distinctly marine conditions pre-
vailed; the shale, when shore conditions were nearer at hand.
These conditions alternated back and forth a number of times.
At one time the conditions were those of an extensive swamp in
which the Nodaway eoal seam was laid down and then concealed
by a subsidence in which first shale and then limestone were
deposited, then shale again. Excepting in the southeast corner
of the county all above the Deer Creek (Forbes, Stennett)
limestone has been removed by erosion, and in the rest of the
county many feet of the rocks below this limestone also have
been removed in the long intervals that preceded the deposition
of the Dakota sandstone.

During these great intervals of erosion many changes are re-
corded in.other parts of the country. It was in the first of these
four periods, the Permian, that in the Appalachian region the
strata there laid down were gradually crushed together and up-
heaved into the Appalachian mountains, and the eastern half of
the great interior of the continent was thrown into gentle folds
and raised bodily above the ocean. Likewise in the southwest,
as a continuation of the Appalachian folding, occurred a similar
folding and uplift known as the Ouachita uplift. In the low
ground ‘of the southwest a wonderful Amphibian fauna left its
impress. During the three remaining periods, the Triassie,
Jurassic and Comanchian, or Lower Cretaceous, a remarkable
reptilian fauna roamed over the land, swam in the waters, and
even flew through the air. In the last of these three periods the
sea advanced from the south as far as Kansas, and then, because
of changes in level, retreated again far to the south.

It was during these long periods of erosion, while all of these
changes were taking place, that the Pennsylvanian limestones
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and shales of Cass county were undergoing weathering and re-
moval, the sediment was carried far to the southwest as valleys
were eroded and a new landscape developed. Another change in_
_level, accompanied by a downward warping of the northwestern
part of the state, brought a new advance of the sea that crept
farther to the east in the northern part than in the southern part
of the state. This advancing Cretaceous sea spread beneath its
waves the clays and sands of a submerging landscape, and then
shore currents washed the sand into an extensive and thick bed
that in Kansas, Nebraska and the Dakotas is the great water
carrier supplying thousands of artesian wells, the Dakota Sand-
stone. In Cass county this sandstone is well exposed in some
places, and extends beneath the glacial drift throughout a con-
siderable portion of the county. If other Cretaceous strata, the
Colorado, Montana and Laramie beds, were laid down within the
confines of the county they have since been removed by erosion.
Indeed, in the state as a whole remains of only the Dakota and
of the Colorado deposits, the Niobrara, have been found.

During the time that what is now Cass county was beneath
the border of this extensive sea there was a far different fauna
and flora than had existed previous to that time. The leaves
embedded in the Dakota sandstone are not like those found in
Carboniferous strata, but are netted veined and somewhat mod-
ern in aspect, in contrast with the ferns and club mosses of the
Carboniferous. Of animal fossils the great beds of Brachiopods
of the Pennsylvanian are absent, and in their places are to be
found beds of Pelecypods unlike those from the Pennsylvanian,
though fossil shells have not been found in the deposits of Da-
kota age in Cass county, nor fossils of the remarkable reptiles
of the types already mentioned that frequented the land and sea
of Cretaceous time.

It was in the latter part of this the Cretaceous period that the
Rocky Mountains were pushed up and the great interior sea was
largely drained. During at least a part of this time, and prob-
ably all of it, what is now Cass county was again subject to ero-
sion that continued during the periods of the Tertiary, the
Eocene, Oligocene, Miocene and Pliocene, that followed, when
large areas of the great West were sites of extensive lakes. Dur-
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ing this time a new landscape was here developed. River val-
leys were cut deep into the Dakota sandstone, and in places en-
tirely through the sandstone into underlying limestone and
shale of the Pennsylvanian strata. This erosion in a rugged
country of sandstone hills continued till in Pleistocene time an
advancing ice sheet, the Nebraskan, crept over Iowa. As this
melted away the drift was at first deeply weathered, then some-
what uplifted and eroded®, and then the valleys were partly
silted up in Aftonian time ere again an ice sheet, the Kansan,
crept far to the south, and gradually melted away, this time
leaving deposits that, while three different ice sheets, the Illi-
noian, the Iowan and the Wisconsin, invaded other parts of the
state, were in Cags county constantly subjected to weathering
under varying conditions of elevation, till now a new landscape
meets our view, covered with the flora of the present, and inhab-
ited by the recent fauna.

These four series of formations, the Pennsylvanian, Upper
Cretaceous, Pleistocene and Recent, are thus separated by land-
scapes, each carved in the preceding deposits by the action of
rivers, in cooperation with the other agencies such as are at work
today in the formation of soil and of the hills and valleys of the
present surface. The landscapes then formed deserve recogni-
tion along with the deposits themselves. Indeed, the relation of
the various formations cannot be appreciated till the mind can
picture the action in these long continued periods of erosion, and
see these ancient hills and valleys in their relation to each other.

PALEOZOIC GROUP. CARBONIFEROUS SYSTEM.

Pennsylvanian Series
MISSOURI STAGE

The best section of Carboniferous strata to be found in the
county is a mile west of Lewis, beginning with an exposure of
limestone on Spring creek a few rods north of the bridge and ex-
tending up a small ravine to the west parallel to the road (west
center of the northwest quarter of section 9, Cass township).

®»The change in level was not very great. See discussion of Thickness of Aftonian
Deposits, and Estimate of Aftonian Relief.
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TuE SPRING CREEK SECTION A MILE WEST oF LEWIS.

FEET INCHES

13, SOil, SANAY -+ vvveeerrieeee e . 2 -
12. Sandstone, fine-grained, thin bedded, yellowish
brown, soft ......... i i 3

11. Sandstone, much decomposed, brownish yellow.. 5
10. Parting between beds of sandstone, like an un-
conformity, sloping irregularly northwest......

9. Sandstone, fine, yellowish, decomposed.......... 3 6
-8. Nodules of hematite ............. ... .. .. ... 24
7. Sand, white, unconsolidated .................... 1
6. Sandstone, imperfectly exposed ................. 8
5. Shale, imperfectly exposed ...................... 3
4, Shale, blue in upper portion, then dark reddish
brown, then yellowish and soft (yellow ochre),
then brownish red ................. ... ... T 6
3. Limestone, gray, full of Fusulina................ 5 6
2.0 Shale, gray ...ttt i e e 2
1. Limestone in thin layers, gray; Crinoid stems,
P, longispinus, P. nebrascensis, C. verneuilionus,
8. subtilite, Sp. cameraius and Bryozoa....... 4 10
Creek bed - 45 8-

In this section the lowest part (numbers 1-5) is distinetly Car-
boniferous (Missouri) and the upper part (numbers 6-12) is dis-
tinctly Dakota sandstone. The dividing plane is judged to lie in
number 5, beneath which the shale is like water soaked Car-
boniferous shale, while above it sand is the chief constituent.
Number 3 of this section is the stratum used in comparing eleva-
tions of different outcrops: number 7 at Stennett, a1umbers 8 to
9 at Fox quarry, the outerops a mile and a half south of Lewis,
and those on Turkey creek three and a half miles northeast of
the Spring creek outerop.

A mile west of Spring creek, Indian creek exposes limestone
and shale (southwest quarter of the southwest quarter of section
5). Here two inches of fossiliferous limestone lies over two feet
of blue shale. These are parts of numbers 2 and 3 of the Spring
creek section. Still farther west, near the southwest corner of
section 7, but in the next county, a well in the upland is said to
have reached limestone at a depth of two hundred feet with-no
evidence of sandstone above it.

Near the mill at Lewis, a mile east of the Spring creek section,
the water falls about eight feet over a dam that is said to rest
on limestone. Such limestone. as is visible corresponds to number
1 of the Spring creek section. At the old quarries below the dam
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(northeast quarter of the northeast quarter of section 9, Cass
township) about six feet of this same limestone and overlying
gray shale appear, above which are two feet of a yellow shale,
then three feet of a washed deposit containing brown sand. The
top of the limestone, corresponding to number 3 of the Spring
creek section, is here seventeen feet above the water in the river
and perhaps three feet above the general level of the bottom
land. At present all beneath the limestone is concealed and there
is no well record revealing the stratum.

The section at Lewis as it was exposed in 1870 is given by
White* :

WHITE'S SECTION aT LEwIs (1870).

FEET
10. Yellowish, marly clay, with occasional thin calcareous
layers ...... Y
9. Grayish, compact limestone ....................... s 2-3
8. Marly Clay toiiiit i e e e e 4
7. Fragmentary limestone, with flinty nodules............ 11-3
6. Grayish, compact limestone .......................... 2%
5. Dark colored carbonaceous shale...................... %
4. Dark colored, concretionary, and very flinty limestone.. 3
3. Yellowish, and bluish marly clays..............c..... 10
2. Grayish Hmestone .............c.iieiiirnennenennnnn. 1
1. Yellowish, marly clay ...........ccciiiiiininnnnennn 2
Total. ... e e, 27

A mile southwest of Lewis a few beds of limestone and shale
appear in the hillside on the south side of the river (southwest
quarter of the northwest quarter of section 15).

It is said that there used to be a ford two miles north of Lewis
not far from the present bridge in that locality, and that near
this ford limestone was to be seen in the bed of the.river. At the
present time the limestone is not visible, at least when there is a
considerable volume of water flowing in the river.

Near the southwest corner of section 31, Grove township, lime-
stone is said ta have been taken from the bed of the creek, but the
strata are now concealed. In the south half of the northeast
quarter of section 1, Cass township, three feet of limestone ©X-
posed on the side of a ravine'is a mass of Fusulinas, with alight
yellowish-brown sandstone-above: -Aeross-the-road to-the-edst
an upper six inches of this limestone, here thin bedded, is crossed
mite, “Report on the Geological Survey of the State of Yowa,” Vol. I,

p. 374.
13
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by the creek. Here may be seen Crinoid stems, Polyzoa,
Chonetes verneuilianus, and many fragments not identifiable.

Close to the south county line are the Fox quarries, in which
little work has been done in recent years. The following section
was obtained east of the road (northeast quarter of the north-
east quarter of section 31, Edna township).

SECTON AT Fox QUARRY

FEET  INCHES
17. Small fragments of decomposed limestone with
Fusulina, large Crinoid stems, Bryozoa, P.

nebrascensis, Chonetes verncuilianus........... 2
16. Shale, Bray . .....oeriiiir e . 10
15. Limestone, gray; Fusulina ..................... 2
14. Shale, yellow below, dark above................. 1 4
13. Limestone, gray ........couuiieiinninicinn.. 7
12. Shale, gray and yellow...... e 10
11. Shale, dark ..........iuiiiiiiir i, 7
10. Shale, light and brown, with some weathered

IHMestone .. ...ttt e e et e %

F16. 27.—Fox quarry, east of the road. (Northeast quarter of the northeast quarter
of section 31, Edna township, Cass county.)
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9. Limestone, 'light gray; numerous Crinoid stems.. 2 3
8. Limestone, light gray, dense stratum ............ 1
7. NOU €XPOSEA ..ttt it et e v e et e i e 2
6. Limestone, light gray, dense stratum............ 2
5. Limestone, light gray, in several thin layers;

many Fusuline; dip 1° 457 § 10° W.......... 1 8
4. Limestone, light gray; Crinoid stems, Bryozoa,

Derbya crassa, Stroparollus, and many shell

fragments ........ . i e 10
3. Limestone in two layers; ccrals: shaly parting 1
2. Limestone, weathered ................... .. ..., 4
1. Not exposed ..ot 23

River bed, low water 46 614

In the above section numbers 4 to 6 correspond to number 1 of
the Spring creek section, while numbers 8 to 9 correspond to
number 3 of the Spring creek section. The crinoid stems in
number 9 are more noticeable than in number 3 at Spring creek.

Across the road to the west, in section 36 of Noble township,
are the same beds above described except the topmost one, which
is absent; but the beds are even less exposed to observation.
They were described by Lonsdale in his report on Montgomery
county®, and also by G. L. Smith? in his paper on Southwestern
Towa.

Half a mile up the river from Fox quarries ten feet of lime-
stone bearing Fusulinas are to be found above a crinoidal lime-
stone two to three feet thick and corresponding to numbers 6 to
9 of the Fox quarry section. The ten feet next below are not ex-
posed. In the bed of the river is a foot of thin bedded limestone.

On Rose branch just south of the county line (opposite the
southwest quarter of the southeast quarter of section 32, Noble
township) are traces of an old quarry. No strata in place are
now visible, but fragments at hand are of the Fusulina limestone,
like that at Fox quarries not far away.
~ Three miles east of the Fox quarries, but in the next county
south, Adams, is a coal shaft at the Briscoe mine (opposite the
southeast quarter of the southwest quarter of section 34, Edna
township),” on which Mr. Charles Porter gives the following
data:

2E. H. Lonsdale, “Geology of Montgomery County,” Iowa Geological Survey,
Vol. IV, pp. 393-394. 1894, .

BG. L. Smith, ‘“Carboniferous Section of Southwestern Iowa,” Iowa Geological
Survey, Vol. XIX, pp. 627-628, .
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" CoAL SHAFT AT THE BrIscor MINE.

FEET INCHES

7. Bowlder clay, with stratum of sand at 25 feet.... 32
6. Shale, blue ... ...ttt it enerean 55
B. Shale, blacK ... .cvnttii ittt e 30
4, 0D TOCK vivrteriin et encnia e caanenens 2
3. Coal, dipping slightly southwest................ 1 6
2. FHTE ClAY treeiet ittt eit e tieiae i iiennennen 1 3
1. Limestone in bottom of sump.................. 4
125 9

The dip of the coal as measured by the writer is 2° 48 to the
south. -

The Chapman mine near the above mine is described by C. R.
Keyes* and Henry Hinds®.

The section at Stennett, to which frequent reference must be
made under Correlation, is described as follows by G. L. Smith®®:

THE SECTION AT ‘STENNETT.

FEET INCHES

13. Limestone, residual ..............iiiiiiiiiiann 5 6
12. Shale, calcareous ..........ccoviviueinnrneninens. 6
11. Limestone, gray, fine-textured ........... s 1 8
10. Shale, buff and gray, argillaceous .............. 3 6
9. Limestone, variable, earthy below................ 5
8. Shale, buff ...... ..o ittt it 1
7. Limestone, blue above, cherty .................. 6
6. Shale parting .......cviiiiieii it 2
6. Limestone, variable ...... e et e 5
4, Shale, argillaceous .............ovuirvinernnnnn. 1 6
3. Shale, black, bituminous ....................... 3
2. Limestone, shaly ....... [P e 2
L Limestone ...ttt i i e 3

Total ... i i e, 37 10

Dr. Smith states that in the above section at Stennett, ‘‘num-
bers 1-4 belong to the Platte shales, numbers 5-9 are the Forbes
limestones (Deer creek), and that above No. 9 is the lower part of
the Braddyville (Howard) limestones.”’

Distribution.—In the western part of the county the Missouri
formations with their limestone and shale lie next beneath the
glacial drift and alluvium along the valley of Nishnabotna river
from two and a half miles northwest of Griswold to about five
miles north of Lewis, along the valley of Indian creek as far

#C. R. Keyes, “Coal Deposits of Iowa,” Iowa Geological Survey, Vol. II, p. 441.

;gl-zIenry Hinds, ‘““The Coal Deposits of Iowa,” lowa Geological Survey, Vol. XIX,
p. .

®G. L. Smith, “Carboniferous Section of Southwestern Iowa,” lowa Geological
Survey, Vol. XIX, p. 636.
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north as the southern boundary of ‘Washington township, and
along the valley of Turkey creek to the northwest corner of Bear-
grove township. From well records it appears to b2 next be-
neath the drift for ‘a part, if not all the way, north from Lewis
through section 11 of Washington township, 25 of Brighton
township, and 17 and 8 of Pymosa township. The area along
Turkey creek is extended south by a well record to the town of
Marker (section 3 of Beargrove township). In a northeasterly
direction are isolated areas in section 33 of F'ranklin township
and 26 of Benton township, and still farther to the east in sec-
tions 10 and 15 of Lincoln township. In the southern part of the
county it lies immediately beneath the glacial drift along Three
Mile creek as far north as section 23 of Noble township, is be-
neath a thin deposit of Dakota sandstone in section 18 of Edna
township, and beneath drift again in section 20 of Union.town-
ship. It outerops in the south bank of section 36 of Noble town-

I'1e. 28.—Dakota sandstone at Spring Creek. (West center of the northwest quarter
of section 9, Cass township, Cass county.) Numbers 9 to 12 form the cliff
at the bottom of which are springs formerly used by the Indians.
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ship, and 31, 30, 29 and 28 of Edna township, and has been pen-
etrated by digging along a narrow strip south of the creek in
sections 34 and 35. To the northeast of these locations it is
found beneath the drift in section 20 of Victoria township, in sec-
tions 30, 32 and 27 near Massena, and beneath a thin deposit of
Dakota sandstone in sections 5 and 6 southwest of Massena.

Presumably the above named records mark the distribution of
higher portions left after erosion in the great intervals of time
between the close of the Carboniferous period and the beginning
of the Cretaceous. Along the streams the Carboniferous strata
are exposed only in places, as in the neighborhood of Lewis and
Iranistan and southwest of Reno. Generally the glacial drift
extends below the level of the streams. Northwest of Griswold,
in Pottawattamie county, the Dakota sandstone is beneath the
level of the river; and throughout the upland generally wells
equal in depth to some which reach Carboniferous strata, pene-
trate Dakota sandstone, and do not reach Carboniferous at all.

It is also noticeable that all but one of the wells that are re-
ported to reach the Carboniferous strike a resistant limestone,
not shale; and that near Lewis and Iranistan, and along Turkey
and Three Mile creeks, a resistant limestone is at or near the up-
permost Carboniferous exposed, though southwest of Reno and
at the mine at Briscoe, southeast of Reno, shale lies above lime-
stone.

These exposures of the Carboniferous and the wells that reach
it are largely in the southwest half of the county.

Correlation.—In testing the above correlation based on gen-
eral texture, sequence and fossil content the following data have
been secured from railroad levels and barometric measurements:

Altitude Differ- Dis- Dip.
above sea ence tance
level
_ FEET FEET MILES
Top of No. 3, Spring creek section.... 1109 0 0 3° 45’ N. 5° E.
Top of No. 3 at Lewis, below dam.... 1110 1 % 3° 45’ N. 5° E.
Top of Fusulina limestone, Turkey 1123 14 4 Horizontal
[ (==Y - S

Top of No. 7, Stennett............... 1076 —23 17% 3° EY
Top of Nos. 7 to 9, Fox quarries..... 1135 26 1314 1° 45 S. 10° W.

AThe location of a steep dip to the north was not visited (Vol. XIX, Iowa
Geological Survey, p. 636).
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In this marked difference in dip there is a general plan. At
Stennett and Fox quarries the dip in-the limestone is toward a
fault plane, the facts concerning which will be discussed later.
At Lewis, northwest from this fault plane, the dip is in the op-
posite direction from that at Fox quarries; and at the most dis-
tant place, at Turkey creek, the beds are almost horizontal.

The second most noticeable fact is the actual difference in
level between number 7 at Stennett and numbers 8 and 9 at Fox
quarries, at which places it has previously been thought the same
formations outeropped.*®* Half way between these two levels are
the limestones at Lewis and Spring creek; and three-quarters of
the way up between them are the limestones at Turkey creek; but
the differences in level between them all are so slight that they
might be accounted for by slight local differences in dip.

The third most noticeable fact is that from Stennett to Stuart
the strata go down the geological sequence; for the Des Moines
formation is at the surface along ravines just north of Stuart,
and was reached by a mine shaft six miles south of Adair. At
present there are no data whatever of the presence of a fault ex-
tending northwest-southeast across this region®. The difference
from Stuart to Stennett can be accounted for most satisfactorily
by a general dip to the southwest. This, however, is not true
with reference to a northeast-southwest fault at right angles to
the above named northwest-southeast direction, as will be dis-
cussed at the close of the description of the stratified rocks.

In the preceding discussion the Fusulina beds at Spring creek,
at Lewis, at Turkey creek and at Fox quarries are described as
one and the same bed. The slight differences are accepted as
possible in a region of varying dip, especially when it is noted
that Spring creek, Lewis and Turkey creek are from seven and
a half to eight and a half miles to the northwest of the line of
reference (from Stennett to the Fiureka shaft) and Fox quarries
are five and a half miles to the southeast of that line. When,
however, comparison is made between the dip and the level of

G, L. Smith, “Carboniferous Section of Southwestern Iowa,” Iowa Geological
Survey, Vol. XIX., 1909, pages 627-628 and 636.

2H. I'oster Bain makes no mention of a fault in Decatur county south of Clarke
county. See also the report on the geology of Clarke county, by the present writer,
?‘ndhtl:omrrients on the geology of Adair accompanying the report on Adair county,
n this volume,
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numbers 8 and 9 at Fox quarries and the dip and level of number
7 at Stennett, twelve and a fourth miles southwest of Fox quar-
ries, the difference is not so easily accounted for. Comparing
the sequence at Fox quarries with the sequence at Stennett, it is
noted that numbers 2 to 9 at Fox quarries’present seven feet and
eleven inches of limestone, with not over two feet of intercalated
shale, and that shale is in one bed concealed; while at Stennett
there are twenty-one feet of limestone and seven and a half feet
of intercalated shale, divided between four distinct beds. Fur-
thermore, numbers 3 to 4 at Fox quarries have an abundance of
fossils in the lowest part with a Fusulina bed nearly two feet
thick immediately above, not to mention the Fusulina bed at the
top of the quarry; while near the base of the limestone at Sten-
nett there is no such fossil horizon, nor is there such a distinet
Fusulina limestone present. It therefore appears to the writer
that the beds at Stennett are not* identical with those at Fox
quarries nor with those at Spring creek, Lewis and Turkey
creek.

How, then, can these isolated beds of southwestern Cass
county be located in the Missouri section?

Data published by the survey make it possible to determine
the position of the base of the Missouri limestone to the north-
east at the old Fureka shaft® just east of the county line south-
east of Anita. The base of the Missouri limestone is here close
to 1,198 feet above sea level.

It is assumed that the limestone outeropping at Stennett, in
the opposite direction, where it has been carefully studied, has
been correctly identified by G. L. Smith®*. If the Clarinda.well
record from the Deer creek (Forbes) Jimestone down is drawn
beneath the section at Stennett, the base of the Missouri lime-
stone at Stennett is located at 471 feet above sea level. This
gives a difference in level of 727 feet in thirty-four and a half
m11es which is twenty-one feet per mile, which corresponds to an
average dip in this direction of fifty- four and six-tenths minutes.

Compare p. 627, Carboniferous Section of Southwestern Iowa, Iowa Geological
Survey, Vol XIX.

’”\Iortheast quarter of the northwest quarter of sectxon 4, Eureka township,
Adair county. See C. R. Keyes, “Coal Deposits of Iowa,” Towa Geological Survey,
Vol.. 11, p. 442, 1894.

#20r the records at Stennett see “Carboniferous Section of Southwestern Iowa.”
Iowa Geological Survey, Vol. -XI1X, and further papers by Smith in volumes XXII
and XXITIT of the Proceedings of the Jowa Academy of Science. For the record
of the Clarinda well see p. 618 of Vol. XIX, Towa Geological Survey.
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The various beds below the Deer creek at Stennett should lie
consecutively next beneath the Dakota sandstone or the drift
between Stennett and Fureka shaft, with minor variations due
to changes in dip and to possible thinning of the shaly members
beneath the Oread limestone, as stated by Hinds and Greene®.
An exact plotting brings a part of No. 71, a shale at a depth of
315 to 346 feet in the Clarinda section, to the surface at Fox
quarry. A variation downward of about seventy feet, due to dip,
to a thinning of the shale, or both combined, would bring No. 78
of the Oread (Plattsmouth) limestone to the level of the Fusu-
lina bed at Fox quarry. A variation upward would bring the
Tatan limestone to this level. The deseription of the Tatan lime-
stone given by Hinds and Greene does not fit, that limestone be-
ing particularly deficient in Fusulina beds, while such beds are a
marked characteristic of the Oread (Plattsmouth) limestone. In
the Clarinda well record such a limestone bed is particularly
mentioned (No. 78) in the base of the limestone. In Missouri
such beds are mentioned as present, but they are especially char-
acteristic of the upper portion of the formation. At Fox
quarries Fusulinas are exceedingly abundant in a thin stratum
of weathered limestone at the top of the excavation, and the sue-
cession of limestone and shale and the character of all the beds
fits nicely the general description given of the Oread beds of
Missouri. It therefore appears that the limestone in southwest-
ern Cass county is the Oread limestone. :

Since the Oread limestone outcrops in the southwestern part
of Cass county the Iatan limestone must come to the plane of
unconformity beneath the Dakota sandstone near Cumberland;
and the Plattsburg limestone should come to this plane of un-
conformity about half way between Cumberland and the eastern
border of Lincoln township. Consulting the distribution of the
Missouri as indicated by well records it will be noted that the
Missouri formation (probably the highest portions of it) was
encountered immediately beneath the drift in a line from section
28 to section 3 south of Atlantic, (see accompanying map of the
geological formations of the county) in section 17 northwest of
Cumberland, and in two areas north of Massena. It will also

®Hinds and Greene, “The Stratigraphy of the Pennsylvanlan in Missouri,” p.
183, 1915. They state that the shale is 145 feet thinner in Jowa than in Missourl.
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be noted that another area, for the Stanton, or Platisburg, lime-
stone, appears in Lineoln township and northeast of Wiota. Ap-
parently the intervening concealed portions stretching northwest
to southeast between these areas mark the locations of the Law-
rence (Andrew) shales, Weston shales and Lane (Parkville)
shales. The beds of the Kansas City formation are known to
lie beneath-the Dakota sandstone in Fureka township of Adair
county, close to the southeast corner of Grant township, Cass
‘county; hence they lie next beneath the Dakota sandstone and the
drift throughout nearly all, if not all of Grant township, the
northeast half of Benton township, and the northcast third of
Lincoln township.

Throughout the larger portion of Cass county, as well as of
adjacent regions to the west, north and east of Cass county,
these formations are concealed both by thick deposits of drift,
and by deposits of Dakota sandstone. The distribution of out-
crops and well records, as illustrated on the map, indicates that
the northeastern boundary of each formation curves toward the
west, so that in the southeastern parts the general direction is
northwest-southeast, while in the northwestern parts of the
county the general direction is several degrees more to the west,
ten degrees in the north center of the county and nineteen de-
grees in the southwest portion of the county.

The above discussion applies to that portion of Cass county
northwest of a line drawn northeast from where the road south
from Cumberland to Briscoe crosses the county line, to the
northeast corner of Victoria township. Southeast of this line
the Seranton shale and Howard limestone, above the Severy
shales, including the Nodaway coal, of the Shawnee division are
beneath the Dakota sandstone and the drift.

MESOZOIC GROUP. CRETACEOUS SYSTEM.,

Upper Cretaceous Series
DAKOTA STAGE

In the Spring creek exposure already described (west center
of the northwest quarter of section 9, Cass township) a part of
number 5 and all above that number are referred to the Dakota
sandstone. In this particular locality there is considerable
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sand with the shale, so that the strata are described as sand-
stones, which in position correspond to what in other places are
distinetly shales. The heavy beds of sandstone, numbers 9 to
12, form the cliff at the bottom of which are springs. In number
10 there is in the sandstone a parting sloping irregularly north-
west. Crossbedding due to current action is a common feature
in the sandstone.

‘At Crystal Lake (southeast quarter of the southwest quarter
of section 15, Cass township), a mile south of Lewis, there is a
delightful shady recess beneath a cliff of sandstone which rises
to a height of twenty-four feet, above which is a bowlder clay
sloping back to the highest ground of the upland. Water from
the base of the sandstone, and just above the underlying shale,
is piped into an artificial pool near at hand. The top of the
shale and the base of the sandstone at the pool are thiry-eight

IF16. 29.—Crystal Lake is a delightful spot. The bluff of Dalkota, sandstone is on the
south side of the pool.

feet above the bed of the river. Near the top of the sandstone
there is a curved plane of separation between a finer stratified
sand above and a coarser sand beneath and on one side of the
finer sand, seemingly marking a plane of contemporaneous ero-
sion. This is at about the level of the shale half -a mile to the
southeast.
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SeEcr1oN AT CRYSTAL LAKE.
FEET 1NCHES

6. Bowlder Clay .. vvviieririiiiiini i
5. Sandstone, irregularly bedded, part stained yellow 10
4. Shale, gray, Sandy......ocvvieiinneiinnenrnnnnnn. 2
3. Sandstone, white, fine above; light buff and soft
below, cross bedded, with bedding planes dipping
S 30°% W, i i e e e e 14
2, Apparently shale, imper fectly exposed ............ 3
1. Not exposed .......c.cvoiiviiiiinniiinen... .... 38
River bed...................... e,
Total .o e e 65 2

The strata in the bluff dip 6° in a direction S. 30° W. There
are two sets of joints, one vertical, that extends N. 8 W. The
other, dipping 83" N., extends N, 75° E.

South from Crystal Lake the sandstone and a white shale
appear by the roadside (southwest quarter of the southwest
quarter of section 15). Farther south and east it appears in a
small exposure by the roadside (northeast quarter of the south-
east quarter of section 22). A mile-to the northeast (northeast
corner of section 23) about five feet of a dark brown sandstone
appears in the side of a trench. By the roadside half a mile
south of Lewis the dark brownish sandstone has been quarried
(east half of the southeast quarter of section 15).

West of Griswold, and west of the county line, there is for half
a mile along the west side of Nishnabotna river a bluff of Dakota
sandstone twenty-five feet high the base of which is beneath the
level of the water in the river. At the north end of this piec-
turesque region and just over the county line west of section 31,
Cass township, is an excellent exposure of about eight feet of
shale beneath the sandstone. Im the upper portion of this shale
iron concretions are interstratified; at the base of the exposure
fragments of lignite are to be found in the shale. The sand-
stone above the shale is of variable thickness, and in one place
slopes down northward over the shale. At a house near by the
well is said to reach sandstone at a lower level than the sand-
stone by the river. Perhaps this shale is a lenticle in the sand-
stone. The lignite gives evidence that it is Cretaceous; at this
place it must be close to the top of the Carboniferous. A similar
shale is found in section 16 of Pleasant township.
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I'1G. 30.—On the east side of the road a mile south of Léwis a dark brownish sand-
stone has been quarried.

Still another exposure of this Dakota sandstone, giving a
touch of ruggedness to the general type of the topography, is
located near Galion in section 35 of Beargrove township, extend-
ing for an eighth of a mile along the south side of the creek
through the section. At one place there is a small amphitheater
about fifty feet across, where the sandstone rises perpendicu-
larly to a height of thirty feet. The base of the sandstone is
covered with mud from the adjacent creek; the lower portion
that can be seen is white, and the upper portion is red.

Four miles to the south (northwest quarter of the sonthwest
quarter of section 17, Noble township) nine feet of soff white
sandstone, in a knoll twenty feet above the bed of the ravine to
the west, is quarried for sand.

Three miles farther southwest (south one-half of the south-
west quarter of section 31, Noble township) the sandstone is
visible close to the county line, where it evidently forms a lobe
of a sandstone hill under the drift, and is exposed along small
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ravines cut in the southwest corner of the section. Here are
small sandstone cliffs rising twelve feet above the bed of the
ravine. iyl

Four feet of sandstone exposed in two other places (south-
west quarter of the northeast quarter and northeast quarter of
the northwest quarter of section 32, Pleasant township) mark
the site of another hill of Dakota sandstone beneath the drift.
In section 16 of the same township is a shale, like that already
described as included in sandstone northwest of Griswold,
marking the site of still another hill.

Along West Nodaway river the Dakota sandstone is visible
south of Reno. In a small ravine in section 32 (northeast quar-
ter of the northwest quarter) about six feet of brown sandstone
appear in the ravine side a few rods south of the road. Near
the road the fine, white, soft sandstone beneath the brown has
been dug into for saund: In the southeastern quarter of section
30 there is evidence of it above the limestone. In section 17
(southwest quarter of the southwest quarter) there is the fol-
lowing section:

ExposCkE 1N SectroN 17, Epxa TowNsiiap,
FEET INCHES

5. Sandstone, dark brown .......... .. i, 4

4. Hematite ....... ... i e 3
3. Shale, arenaceous, light brown................... 6

2, Sandstone, fragments, brownish yellow........... 3

1. Not exposed; but fragments of limestone (Mis-

souri) are to be seen about a foot above low water 4
River ted ... .. i e

TOota] i i e e 17 3

In the northern part of section 20 of the same township a
brownish yecllow stratified sand is exposed in the river bank for
a distance of perhaps fifty feet up to a height of twenty feet.
This is unguestionably a weathered Dakota sandstone. Likewise
farther up the stream water comes from Dakota sandstone along
trenches of ravines in sections 10, 12, 14 and 15. The sandstone
is said to have bee¢n exposed in section 10, but it is now con-
cealed so that its character is not known. So, too, along this
river there are numerous springs in section 6 of Victoria town-
ship and farther up nearly to Massena (sections 32 and 33 of
Massena township) though conditions here indicate that a part
of the water may come from Aftonian deposits.
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Away from these exposures the records of wells that pass
through the drift reveal the presence of sandstone in all direc-
tions excepting where the Missouri formation is exposed to
view along river valleys as previously described. As the sand-
stone is an important water carrier wells do not often penetrate
far into it, generally but a few feet. Of thirty-nine revealing
the presence of Dakota sandstone and also passing through it,
or so far into it as to make it possible the entire deposit may
have been penetrated, the average thickness is forty feet, the
greatest thicknesses being 120 and 147 feet. Iwen if the two
excessive records be eliminated as possibly not correct, the
remainder give a very uneven thickness ranging from three and
one-half to ninety feet. '

It will be noted that exposures of Dakota sandstone do not
parallel the exposures of Missouri limestone and shale. The
sandstone is exposed along Nishnabotna river even where the
limestone is beneath the river bed. Between the valley of this
river and that of the West Nodaway it appears exposed by ero-
sion of the drift in eight places. In the county as a whole 108
wells at or near the level of the upland give the surface of the
Dakota sandstone as varying from 30 to 250 feet, with the aver-
age depth from the surface of the upland down to the surface
of this sandstone as 140.8 feet. Assuming these figures to be
approximately correct the maximum relief carved in the Dakota
sandstone is 220 feet. '

- The steepness of the slopes carved in the sandstone has been
mentioned in the description of outerops. It is evident also in
the well records. In Brighton township the surface of the
sandstone is 220 feet below the level of the upland in-the north-
east part of the township and 100 feet in the southwestern por-
tion of it. At one point eight feet of brownish sand exposed
along Indian creek (northwest quarter of the northwest quarter
of section 32) is thought to be from the Dakota sandstone. In
Pymosa township it is at a depth of 200 feet at the county line
and at a depth of 176 feet two miles south. In Grant township
it is 220 feet down on the east side of the creek and 87 on the
west side. In Washington township it is 31 feet beneath the
upland in section 15 and 212 feet a mile and a half .to the north-
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east. In section 3 of Franklin township it is 99 feet below the
upland. Half a mile south it is 125 feet, and a mile east of the
latter place it is 176 feet. At Lewis it is 70 feet below a low
upland, and two miles east it is 170 feet. In section 10 of Bear-
grove township it is 52 feet beneath the upland at one point and
132 feet a few rods away. In section 10 of Union township a
record on the west side of the section gives 60 feet; one on the
east side gives 174 and another 200 feet. In section 6 of Mas-
sena township one record gives 175 feet and another 254 feet.
In section 2 of Pleasant township it is 62 feet below the upland;
a mile southward it is 144 feet. In section 8 of Edna township
it is 40 feet; half a mile to the south it is 150 feet. In section
13 it is 106 feet, and a mile and a half east in Vietoria township
it is 200 feet below the upland.

Not far from Lewis the depth to the sandstone is generally
less than 100 feet, and exposures of it are most numerous in this
part of the county. In the eastern part of the county exposures
would certainly be as common as they now are near Lewis if
valleys there were as large and deep as near Lewis.

Ridges of Dakota sandstone are recognized concealed beneath
the drift here and there throughout the county; but so complete
is the dissection into steep sided valleys that there is little
chance to select the lines of preglacial drainage. The general
slope of the surface of the Dakota sandstone suggests a general
drainage toward the southwest. Doubtless the surface of the
sandstone as developed during the long intervals of erosion from
- the Cretaceous to the Pleistocene was changed during Aftonian
interglacial times by further erosion; but so far as can now be
ascertained a rugged surface as above described is that over
which the earliest ice sheet, the Nebraskan, advanced. With
fainter relief, because of imperfect erosion of Nebraskan drift
from hillsides and valleys, it suggests the topography over
which the Kansan ice sheet also spread and left the bowlder
clay now so conspicuous on the hillsides.

The Fault
A continuation of that reported near Thurman, Fremont county.
In 1889 J. E. Todd* stated that ‘‘The sharp fold. .. .which has

3J. E. Todd, “On the Folding of the Carboniferous Strata in Southwestern Towa,”
Proceedings of the Iowa Academy of Science, Vol, I, Part 1, p. 61, 1889

14
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been noted at Jones’ Point (Nebraska) may become a fault
south of Wilson’s (Iowa)’’. In 1906 he®* again called attention
to the facts that had in the meantime been overlooked, and
located the fault on the Towa side close to the south line of sec-
tion 23, between Thurman and Wilson’s quarry, Fremont
county. G. L. Smith® calls attention to this displacement. He
states that, ‘‘Recent examinations of exposures at Lake Wa-
bonsie and in the vicinity of Thurman confirm the views of Todd
and show that at a short distance south of the Wilson section
of White a fault of about 300 feet*” throw with an uplift to the
north is present’’. He further, on page 636 of the same report,
states the following: ‘‘The line of disturbance if extended in a
direction north of east through Jones Point on the Missouri
river in Nebraska and south of the Wilson section at Lake
Wabonsie in Fremont county would pass a short distance south
of Stennett. The fault near T.ake Wabonsie has, probably, in
the eastward extension, become an anticline, and the dip to the
north at Stennett would indicate that the line of disturbance lies
not far to the south of this place.”” The facts presented in this
present report prove that this ‘‘line of disturbance’’ does ex-
tend past Stennett and Fox quarries, and that the facts warrant
the recognition of a normal fault, rather than a monocline or a
symmetrical anticline, though a slight anticline does, here at
least, parallel the western side of the fault.

Charles R. Keyes in his map of the “Controlling Fault Systems of Ipwa
(Proc. Jowa Acad. Sci.,, Vol. XXIII, p. 103, 1916) maps this line of disturbance
as a fault line but mentions no data for considering it a fault except by re-
ferring to Todd’'s statement with reference to relations near Wilson in Fre-
mont county. His discussion of the “Extent and Age of the Cap-au-Gres Fault”
in the Proceedings of the next year (p. 61) is certainly of interest and im-
portance in connection with this present discussion. The line of disturbance
which he traces parallels the eastern side of the Missouri escarpment through
Illinois and Missouri into Iowa. The data on age of fault here presented, and
the direction of the fault are worthy of attention in comparing the two fault

lines, and noting the effect on Iowa topography near their possible intersec-
tion, which is four or five miles east of Earlham.

Y, E. Todd, “Some Variant Conclusions in Iowa Geology,” Proceedings of the
Towa Academy of Science, Vol. XIII, p. 184, 1906.

%G, L. Smith, “Carboniferous Section of Southwestern Iowa,” Iowa Geological
Survey, Vol. XIX p. 612, 1909.

7In plate 22 he gives it as 320 feet. In the computation in thls paper I have
eonsidered it to be 300 feet.
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Amount of Displacement.**—The amount of displacement can
be ascertained by comparing relations in the southcentral part
of the county with ‘descriptions and well records such as are
given by G. L. Smith in his ‘‘Carboniferous Section of South-
western Towa.’’

At Briscoe the shaft is reported to be 1253/ feet deep. It is
12074 feet to the bottom of the coal, which places the bottom of
the Nodaway coal at this point at 1,014.5 feet above sea level,
while the top of the limestone No. 9* in the side of the excava-
tion at Fox quarries is at 1,135 feet above sea level, a difference
of 120.5 feet, which must be added to the thickness of the strata
between the two horizons as recorded in well borings and sec-
tions, noting that the limestone at Fox quarries is Oread lime-
stone (No. 78 of the Clarinda record).

FEET FEET
PAGE*"
618 Clarinda diamond drill hole........ oL 164 4-12015=284%
629 College Springs core drilling (above No. 8) 83%4-1201,=204
632 Coin, core drilling (above No. 4)........ 126 +120%=246%

616 Todd’s Missouri river section (Nos, 3-10)..148 4-120%%==2681%
614 and 623 Broadhead’'s general section for the
Missouri (Nos. 151-214) .............. 231 +120%%=3511%%

AVELaZe ..ttt 271

Of these places Clarinda is nearest to Cass county; so that
the displacement is considered to be 28414 feet. This happens
to be near the average in the above table.

ARGUMENT WITH REFERENCE TO THE FAULT.

The question whether there is a fault or only a monocline involves 1 some-
wiat technical discussion that may prove ol little interest to the general reader
of a county report, but the facts are so important to the geological worker
that a disecussion of the evidence cdnnot be omitted, especially when the
presence of a fault in this part of Iowa has only been surmised, never sub-
stantiated. Indeed, in the literature of lowa there is very little of exact
evidence bearing on faults, except a few small ones found in coal mines. The
practical importance with referencz to the distribution of coal will receive
further attention under the hAeading, Coal, in the chapter on Economic Deposits.

‘1. The displacement of 284.5 feet occurs within a maximum distance of two
miles in a direction at 1'igi1t angles to the general dip through the entire region.
This displacement is along the line of strike, and not due to local variation

¥®The facts given in the discussion of Correlation also bear on the question of
the amount of displacement.

®»No. 5, used in local comparisons in a preceding chapter, is seven feet below No. 9,

“Pages refer to G. L. Smith's “Carboniferous Section of Southwestern Iowa.”

Towa Geological Survey, Vol. XIX. Broadhead’s section is more completely given in
Hinds and Greene's ‘“Stratigraphy of the Pennsylvanian in Missouri,” pp. 112-113.
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F1a. 31.—Diagram representing conditions from near Reno, Edna township, Cass
county, southeast to Briscoe, Adams county, across the fault plane.

in the general dip of the region. The fracture itself is parallel, or nearly
parallel, to the general direction of dip, and is thus to be classed as a dip fault,
or slightly oblique normal fault. Work to the northeast by the writer in-
dicates a curve in the direction of displacement due to multiple faulting
‘“en echelon.”

2. A line of disturbance running N. 62° E. between Briscoe and Fox quarries
with a displacement of 284.5 feet within a maximum distance of two miles
would, if the dip were uniform the entire two miles, require a slope of but
1° 32’ 45", or 142.5 feet to the mile. If the dip in the strata changed from one
level to another across the displacement the dip in the steepest place must
be several times this amount, but the dip at the extreme ends could not, in a
monocline, be several times the average dip for the whole distance.

At Fox quarries the dip is about what the average dip should be for a mono--
cline; but at Briscoe it is mearly twice too much and at Stennett, located
similarly to Fox quarries with reference to the plane of disturbance, the dip
is also nearly twice too much for a monocline. Under this second heading,
then, the argument favors the presence of a fault, though it is not fully con-
clusive.

3. Stretching resulting in a monocline tends toward uniformity in direc-
tion of dip. Along a thrust fault the strata are mashed and contorted, the
angle is low, and the uneroded remnants of resistant strata on the upthrow
side may extend far beyond exposures of downthrow strata in the valleys.
Along a normal fault- the strata are not mashed and contorted, though ac-
comipanying irregular pressure may vary the direction of dip near the fault.
The angle is high and the uneroded remnants of successive beds of resistant
strata may zigzag across the surface, but the border does not depart from the
plane of fracture. )

The dips measured at the different locations do not agree in direction. The
dip found at Stennett makes an angle of only 28° with the general direction
of the plane of disturbance and that angle is toward the east side. At Fox
quarries the direction of dip makes an angle of 52° with the general direction
of the plane of disturbance and that angle is toward the west side. The dips
at the two places thus make an angle of 100° with each olher; and the dip
at Stennett is about at right angles to the dip at Briscoe.

At Spring creek and Lewis, about eight mileg from the line of disturbance,
the dip is in the opposite direction from that at Fox quarries.

Smith also records a “heavy dip to the north” at Stennett. This seems
to be at some place near Stennett having a.relation to the fault plane similar
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to that at Lewis. The measurement of dip recorded in this present report was
made about half a mile north of the railroad station, on thick limestone in
an old quarry close to the track.

4. If a fault is present the Nodaway coal seam, wherever it is below the
level of the Dakota sandstone and the preglacial surface, stops against the fault
plane. If there were a monocline instead of a fault, the coal would come to
the Dakota sandstone or to the glacial drift, between Briscoe and Fox quarries.
The absence of evidence of coal along this line favors the presence of a fault;
but the lack of well records in this area and the presence of high ground a part
of the way leave evidence here far from satisfactory.

It is not possible to apply this test to the east and west of the above named
location because of the following relation: A mile west of Fox quarries the
Nodaway coal outcrops along Williams Branch* where it was formerly mined.
Here it has risen fifty-eight feet above the level of its position at Briscoe.
only three miles away, and it is not reported further west in "Montgomery
county. Here, on the south side of the fault, the strata have a large component
of their dip, or all of it, in an easterly direction, from Williams Branch toward
Briscoe, where the dip found is to the south. In the opposite direction from
the Briscoe-Fox quarry region, northeast of Briscoe, the Nodaway coal is still
deep in the ground up to the fault plane across the southeast half of Victoria
township, Cass county. On to the northeast the strata rise till the base of
the Missouri appears near Winterset.

5, The dip at Williams Branch has not been measured; but from the rela-
tion between conditions at Williams Branch and those at Briscoe it is clear that
there is at least a large component of “dip straight east, at right angles to the
dip at Briscoe three miles away. This is an extreme of irregularity.

6. The dip of 3° E. at Stennett has a component of five-sixths of that amount
toward Williams Branch. This component of 2.5° would give a displacement
of 253.6 feet, which is five times too much for the actual displacement be-
tween Deer Creek limestone at Stennett and Nodaway coal at Williams Branch.
This again indicates some cause of excessive local dip-—slipping rather than
monocline.

7. Comparing relations between conditions at Williams Branch with those
at Fox quarries the argument is still more conclusive. These places are only
a mile apart in a direction diagonal to the plane of disturbance and making
an angle of 27° with it, giving a distance of half a mile as measured per-
pendicularly to the plane of disturbance. Within this half mile lies the
plane of disturbance having a displacement at this point of close to 232 feet,
which would require an average dip of 5° 8 277, which is nearly three times
the dip found at Fox quarries and nearly two times the dip found at Briscoe.

In the above, 1 is strongly for the presence of a fault, 2 is somewhat of value,
4 js worthy of notice but of little value in evidence, and 3, supported by 5,
6, and 7, forms a strong argument in favor of a fault.

8. 1If the plane of disturbance were vertical the plane would outcrop across
the country with direction independent of the topography. If the plane dipped
to the northwest, the plane at the more resistant strata on the northwest side

4. H., Lonsdale, ‘‘Geology of Montgomery County,” Ilowa Geological Survey,
Vol. IV, p. 403.
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would curve southeast, and the plane at the outcropping of less resistant strata
on that side would curve to the northwest of the general direction of the line
of disturbance, the amouht of variation from the general direction depending
on the angle of dip of the fault plane. With the downthrow on the southeast
side this relation would be that of a thrust fault, If the plane dipped to the
southeast the plane of resistant strata, the preglacial high ground on the
southeast side, would curve northwest, and the plane at the outcropping of
the less resistant strata, the preglacial low ground on the southeast side,
would curve southeast of the general direction of the line of disturbance,
in amount inversely to the angle of dip.

In the field it seems clear that the line of outcrop does not vary much
from a straight line, or one that gradually curves, which corresponds to condi-
tions where the angle is high.

With the downthrow on the southeast side, and with excessive folding and
crushing absent though there is local variation in direction of dip at different
points along the plane, it is evident that the fault is a normal fault, with the
fault plane between Briscoe, or the old coal mine on Willlams Branch on
one side and Fox quarries on the other, with fault plane not far from vertical,
and dipping steeply to the southeast. This judgment can be tested whenever
the operators of the Briscoe mine care to extend their entries sufficiently
far to the northwest, apparently 2,454 feet, to find out how the coal ends in that
direction. Unfortunately there are some conditions common to both possibili-
ties. If there were a monocline the coal would thin out with stretching,
breaking and weathering, but not reach sandstone because of weathering in
pre-Dakota time. Possibly it might reach bowlder clay at points where the
sandstone and. Missouri strata have been removed by erosion in preglacial
time. With a fault plane present the coal may end squarely against the fault
plane, or, with coal either weathered or not weathered, end against sand-
stone or bowlder clay south of the fault plane; but it would not thin out with
stretching and breaking.

Todd* states, “A careful comparison of sections on both sides of the (Mis-
souri) river shows two anticlines, the higher with its crest near Plé.ttsmouth,
and the other about one and a fourth miles above Jones’ Point.” G. L. Smith
distinctly figures a normal fault on the Iowa side in Platé 22%, but represents
a thrust fault on page 649. Assuming the fault to be a normal one at Thurman,
a8 seems probable, and with throw of 300 feet recorded by Smith, this fault
continues northeastward with little diminution through the space between
Pox quarries and Briscoe, where the throw is 28414 feet on the same side
as at Thurman. To the northeastward the fault line crosses the county line
at the northeast corner of Victoria township, but no more data with reference
to it are at present obtainable in Cass county. In the next county east, Adair,
it lies close north of Bridgewater, passes close to Pontanelle, and, bending
slightly northward, lies a short distance northwest of Greenfield and of Arbor
Hill¥. It seems to be completely concealed beneath the Dakota sandstone and
the drift in this part of the state.

Wodd ‘‘Some Variant Conclusions in Iowa! Geology,” Proceedings of the
Towa Academy of Science, Vol. XIII. p. 184, 6.
“lowa Geological Survey Vol. XIX, p. 646

“In the report on the Geology of Adair County, Iowa’ may be found a continua-
tion of this discussion based on data found in that county.
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Southeast of this fault line the coal found at Bridgewater is correlated with
the Nodaway coal; and the successive limestone beds outecrop farther to the
east than the same beds outcrop on the northwest side of the line. Northwest
of this fault.line the Eureka shaft (section 4, Eureka township, Adair county)
had a depth of 212 feet below the upland® and passed completely through the
Missouri stage into the Des Moines stage. The Des Moines stage itself comes
to the surface three miles beyond Stuart* and the northern -boundary of the
Missouri stage curves off to the west. '

If the throw along the fault plane were to continue, to diminish at the same
small rate with which it diminishes between Thurman and Fox quarries, and
- the direction were to hold as constantly, the fault would continue northeast-
ward beyond the limits of the state. It would pass filve miles east of Earl-
ham, would lie four or five miles north of Des Moines, in which region it
may at some time be encountered in mining for coal. Possibly near the sur-
face it dies out rapidly in the Des Moines shales. Possibly it may meet an ex-
tension of the Cap-au-Gres fault, which Keyes thinks extends northward from
Missouri to Leon, and both may die out abruptly near their intersection.
Her@ are problems in Iowa Geology for future study, with important bearing
on the question of depth and continuity of coal seams.

Note also the northeastward extension and high position of the Winterset
and other limestone in Madison county. Heretofore it has been recognized as
an uneroded remnant; but why its peculiar attitude? This has been a puzzle.
The presence of the limestone and accompanying shale so far to the northeast
in Madison county is explained by its relation to the Thurman lault plane
whatever bearing future developments may have with reference to an extension
of the Cap-au-Gres fault. The limestone and shale are not an uneroded mass
of uplifted strata, but are the uneroded remnant of a mass of limestone and
shale on the downthrow side, left high and further to the northeast because of
the greater erosion and peneplanation on the upthrow side to the northwest
and no'_rth, in which directions erosion brought to the preglacial surface: the
less resistant shales of the Des Moines stage. We must await further evidence
with reference to conditions in the drift-filled valleys along the eastern side of
the escarpment, :

To the northeast, along the general direction of the fault plane described in
this report, there are peculiarities in the distribution of the Devonian, Silurian
and Ordovician strata that need explanation. It cannot at present be affirmed
whether the fault, or a series of-parallel faults is responsible for that distribu-
tion, or whether the disturbance there becomes a symmetrical anticline. -

AGE OF THE FAULT.

Since the Dakota sandstone lies on both sides of the fault
plane and rests on the truncated surface of various strata of
the Missouri stage with no evidence of a fault scarp beneath the
Dakota sandstone, it appears that the faulting began in the
T o A T A R R K A M T

Vol. XIX, p. 379.
4#H. I, Bain, “Geology of Guthrie County,” Iowa Geological Survey, Vol. VII, Map.
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interval between the deposition of the Missouri strata and the
deposition of the Dakota sandstone, that the fault scarp was well
removed before the subsidence that accompanied the deposition
of the Dakota sandstone, and that any additional faulting since
that time has not been very pronounced. That there has been
some later movement is evident, since at Crystal Lake the sand-
stone strata are found to dip in the general direction of the dip
of the Missouri limestone. If there was any movement along
the fault plane any escarpment formed at the surface of the -
sandstone has since been removed by erosion.

Variations in dip of the sandstone that correspond to varia-
tions in dip of the limestone along the fault plane have not been
detected. It therefore appears from this argument also, that
about all faulting with accompanying disturbance was com-
pleted before the Dakota sandstone was laid down. In this
interval of time there was one marked age of dlsturbance, the
. Permian. In distant regions, the Appalachian and Ouachita
mountains, the faulting was of the reversed type. Here it is of
the normal type. The reversed faulting of the Permiam may
have been accompanied or followed by relaxational movements
in the same or the next period. To this interval of time (Per-
mian-Triassic) it seems at present necessary to refer the major
part of the faulting and perhaps all of it.*

Joints

In the Dakota sandstone at Crystal Lake, a mile south of
Lewis, two sets of master joints are to be seen in the sandstone,
the first of the two sets being the more prominent:

Direction of joint plane N. 75° H., with dip of 83° in a direc-
tion N. 15° W.

Direction of joint N. 8° W., with dip of plane vertical.

The sandstone is crossbedded, but included shale dips 6° in a
direction S. 30° W.

A simplé movement bringing the shale into a horizontal position would
throw the vertical joint plane 2° 32’ out of plumb and leave the other plane
with a dip of 86°.

*See also John L. Tilton, ‘“The Thurman-Wilson fault through southwestern Iowa
and its Bearings’”’: The Journal of Geology, Vol. XXVTI, pp. 383-390, 1919,
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A depression in a direction N. 8° W., the direction of the vertical joint, suf-
ficient to bring the direction of dip in the shale into a horizontal plane would
require a depression of 10° 23, the axis (strike) of the movement lying N.
82° E., and would give the shale a dip to the northwest. This depression is
2° 45 too much to bring the other plane into a vertical position, and would
at the same time change the direction of the strike slightly toward the north.
This approximate adjustment is so close that if a part of the dip of the shale
had been due to a slight local variation in amount or direction, or both, the
chief need would be met. This local variation seems possible where the shale
is between crossbedded sandstones, as at Crystal Lake. To further effect an
adjustment a variation in the nature of a warping also seems necessary. The
conclusion seems warranted %aat, reversing the movement for the above ad-
justment, these joints in the Dakota sandstone were caused by uplift toward
the northwest, the direction of which changed in warping from a westward
toward a northward direction (N. 15° W. to N. 8° W.) Such an estimate based
on present dip includes not only post-Cretaceous movement but also such later
movements as may have occurred. Uplift toward the northwest might not only
affect, in the underlying limestone, joints at right angles to this direction but
even lead to some additional faulting along the fault plane.

In the Missouri stage limestone at Spring creek two miles
northwest of Crystal Lake, the directions of the joints were
found to be as follows: N. 39 1-3° B. and N. 20 2-3° W., where
the dip of the limestone was found to be 3° 45" in a direction N.
5° E. If these limestone beds were subjected to the same move-
ment that was suggested for the overlying sandstove the dip of
the limestone would be increased. Furthermore, the dip of the
limestone is found to be different in places distant from each
other. It is therefore evident that the limestones were sub-
jected to movement prior to those that affected both the lime-
stone and the sandsone. )

The two sets of joints in the limestone do not correspond ex-
actly to those in the sandstone, but are even more closelv related
to the direction of the fault plane, and to the uplift toward the
northeast. The joint that extends N. 39 1-3° E. is nearest in
direction to that of the fault plane, which locally extends N. 62°
E., and to the direction of the uplift, that is northeast. The
joint that extends N. 20 2-3° W. is approximately at right angles
to this general direction of the fault plane and the uplift,

The jointing in the Missouri stage thus seems related to the
faulting and to the Permian uplift toward the northeast, while
the jointing in the sandstone is related to the post-Cretaceous
uplift toward the northwest, though it is affected by the presence
of the fault plane and the existing joint planes, and also affects
those planes.
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CENOZOIC GROUP. TERTIARY SYSTEM.
- Pliocene Series (Ozarkian)

The last part of the Tertiary Period is marked by uplift and
accompanying erosion, both in the East and in the West. In
eastern Jowa it is marked by valleys 100 to 200 feet*” below the
level of the present stream beds. In southcentral Towa ‘it is
marked by valleys sixty-five feet** below the present stream beds,
containing deposits that were recognized as preglacial. In Cass
county it is marked by valleys that are twenty-five feet below
the present stream beds. In some of these deep valleys are
silts that are beneath Nebraskan drift and hence are of pre-
glacial deposition. Whether they were laid down long prior to
the advancing continental glaciers, or were laid down immedi-
ately in front of the advancing Nebraskan ice sheet, cannot be
affirmed; but certain it is that as the Nebraskan ice advanced
it covered up in these old valleys bodies of silts which were rich
enough in vegetable matter to become sources of abundant car-
bon dioxide even to the present time, and hence are recognized
as bogs beneath Nebraskan drift, and at too great depth to be
Aftonian deposits. .

Ten wells (numbers 2, 4, 5, 9, 10, 11, 12, 13, 17, 18 in the table
below) reach boglike deposits beneath Nebraskan drift or at
depths that seem undoubtedly to lie beneath the level of Af-
tonian deposits. Two other wells (numbers 7 and 8) in Franklin
township which lie close to wells that undoubtedly reach the
base of the Nebraskan drift and which appear to reach the same
deposits though at different depths, are included as reaching
preglacial deposits. In the other records there is not the degree
of certainty that there is in the above twelve, as the depths are
not so.great. In some of them there appears to be a distinet
record of the presence of a weathered clay beneath the water-
bearing sand and gravel. Though a pocket of sand within drift
might prove a fairly good water-carrier, an abundance of water
m&)ﬁim& ‘2‘335;?1&1%%33iver Channels in Southeastern Iowa,” Iowa Geological
Pla(t:;haérg’eslglgﬁ. Keyes, ‘‘Geology of Lee County,” Iowa Geological Survey, Vol. III,
Bl ZETL Shman e Mislalel Yol bewesy, Sevamnal ana Davenpor

James H. Lees, ‘‘Earth Movements and Drainage Lines in Iowa,” Proceedings

of the Jowa Academy of Science, Vol. XXI, pp. 176-177, 1914,
#$John L. Tilton, “The Pleistocene Deposits of Warren County, Iowa,” p. 16, 1911.
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would indicate that the sands are extensive, and generally either

preglacial or Aftonian.

Because of the depth at which abund-

ant sands were encountered it is thought best to list these wells
also with those that reveal the presence of preglacial deposits.

PREGLACIAL BOGS AND OTHER DEPOSITS

No. Twp. Section Data ‘
— 12 feet of red sand are beneath 177
1 | Pymosa oNfe.sZttioofnﬂi?T Se. qr. feet of yellow and blue clay, on yel-
' low clay.
o Ne. 14 of the Sw. qr. Gas comes into water in a well 263
2 | Benton of section 9. feet deep. .
— 18 feet of quicksand are under 174
3 | Benton Ne. 7 of t},le Nw. qr. feet of yellow and blue clay; and
of section 26.
rest on yellow clay.
o Wood sald to be “petrified” at depth
of 87 feet, in white sand beneath
Ne. % of the Ne. qr. blue clay and above hard rock.
4 | Grant of section 6. Much gas bubbles out, and water
seems oily in the winter time.
Water rose 50 feet.
- “Mineral” water at 180 feet, just
Anita, old city well, p lav.
5 | Grant Nw. % of the Se. qr. below the blue clay. The water

of section 21.

may come
sandstone.

in part from Dakota

6 | Washington

Se. 14 of the Nw. qr.
of section 11.

Coarse gravel and sand are under a
thick blue clay in a well that is 187
feet deep.

7 | Franklin

Se. 34 of the Nw. qr.
of section 23.

12 feet of sand are beneath 155 feet
of yellow and blue clay; and on
clay.

8 Franklin

Se. 14 of the Ne. qr.
of section 23.

The well stops at 167 feet in water-
bearing sand on clay.

g | Franklin

10 Franklin

Sw. 14 of the Sw. gr.
of section 24.

There was a strong flow of gas as
the operator struck the sandstone
at a depth of 175 feet.

Se. 14 of the Sw. qr.
of section 36.

also
Ne. 14 of the Nw. qr.
of section 36.

Gas troubled them as they left the
blue clay (at 178 feet) and entered
what is supposed to be limestone.
The water appears oily after stand-
ing. The gas puts out the flame of
a lantern (carbon dioxide).

11 Lincoln

Se. 1% of the Sw. qr. "~
of section 3.

Ends in sand beneath 232 feet of
blue and yellow clay. The water
is hard and stands at 120 feet deep
in well.

12 | Lincoln

Se. 14 of the Nw. qr.
of .section 4.

The well stops in 20 feet of sand
below 220 feet of yellow and blue
clay.
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No. Twp. Section Data

13 | Lincoln Center of section 35. Quicksand and gas were found.

) 12 feet of sand and gravel are be-

14 | Beargrove ovage%iooxf ﬂle Nw. ar. neath 160 feet of yellow and blue

' clay, and rest on a clay.

E Union Se. 1} of the Ne. qr. Well ends in.sand and gravel at a
of section 9. depth of 100 feet.

_ . For two miles the creek bed has

16 | Union Creek bed, sections springs in it, and there are springs

10 and 11.

Sw. 14 of the Sw. qr.
of section 4.

Sw. 14 of the Se. qr.
of section 6.

in the low grouna.

Well 250 feet deep; stopped in
something that had oak in it.

The well ends in sand and gravel
beneath 254 feet of yellow and blue
clay.

14 feet of quicksand are under 114
feet of yellow and blue clay, and
rest on yellow clay.

17 | Massena

18 | Massena

Sw. 34 of the Nw. qr.

19 | Edna of section 21,

Some of the above wells mark two areas where there are bogs
covered by drift. Ome group is near the southeast corner of
Franklin township; the other, in the northeast corner of the
county, in an area apparently extending into both Audubon and
Adair counties. They also mark areas where shale rather than
limestone is beneath the Dakota sandstone, where the latter is
present, and the drift (see geological map of the county), thus
marking preglacial low ground. Because of this relation it
seems very possible that the ‘‘clay’’ recorded in several in-
stances as beneath the water-bearing sand is not bowlder clay
but water-soaked shale.

In section 36 of Franklin township a lighted lantern lowered
into the covered pit above the well was quickly extinguished,
proving that the gas would not burn** nor support combustion.

From the amount of decomposition that has led to an abun-
dant flow of carbon dioxide in this region (sections 24, 25, 35 and
36, Franklin township) it is-evident that here is the site of an
ancient bog.

In the northern part of Grant township the two wells where
gas was reported and two others in which logs were encountered
at or near the level at which gas was found, indicate a considxz:-
m of possible explosion the writer did not consent to this -test till he

- was informed by those present that they had taken a lantern Into the pit befare
that time when at work upon the well.
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able distribution of such conditions. Apparently a bog extends
into Audubon county on the north and into Adair county on the
east.

In northern Union township also there are conditions that can
be satisfactorily explained orly by the presence of deposits sim-
ilar to those in the above named regions. Here for two miles
(sections 11 and 12) the trench of the creek was well supplied
with water from springs in and close to the creek bed during
hot weather when all else was dry. That it was not entirely
the drift that supplied this water seems evident, for the owner
of one of the springs said he had pushed a twelve-foot pole
down into one of the springs without reaching the bottom of the
mud. This spring is but two miles southwest of the well where
the gas was tested, and at the same level as the beds that sup-
plied the gas. : :

Southwest of Massena for a distance of six miles there are
numerous springs of water that make the West Nodaway an
unfailing stream, the water coming from sand and Dakota sand-
stone at the base of the drift.

Preglacial Relief.—The highest hills of Dakota sandstone that
have been noted are fifty feet below the level of the upland, and
the lowest preglacial deposit found is in a well 254 feet deep.
This gives a maximum preglacial relief of 204 feet. It may
have been somewhat greater because of Aftonian erosion of
exposed hills.

CENOZOIC GROUP. QUATERNARY SYSTEM.

Pleistocene Series

General.—The bowlder clay, or drift, is composed of a mix-
ture of clay, sand and gravel with pebbles and bowlders in it
here and there that were left in a confused mass by continental
glaciers of former times. Material of this character may be
seen in many of the ravines in all parts of the county, particu-
larly in such parts as have been gullied in time of rain. The
material of the drift stands in marked contrast with the strati-
fied limestone, shale and sandstone above which it lies. While
it varies greatly in its composition from place to place, in some
places containing lenses of .sand, in others being almost free
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from sand and pebbles, and in still others being full of pebbles
and of clay cemented with iron oxide, it may’ generally be rec-
ognized as simply an intimate mixture of clay and many kinds
of pebbles. To this there is one important exception. Where
the drift has undergone long continued weathering®® without
disturbance of residue, the product is called a gumbotil®* The
planes of gumbotils.are marked horizons, indicating the upland
portion of the particular drift considered (Nebraskan or Kan-
san for Cass county).

The average thickness of Pleistocene deposits beneath the up-
land as found in 108 wells that reach through these deposits is
150 feet. The separate records vary from 30 feet in Grant and
Edna townships to 250 feet in Grant and Massena townships
and one of 254 feet in Massena township, and are very variable
throughout the county. The averages by townships vary from
111 feet in Cass township, to 195 feet in Massena township.

In Towa as a whole there are materials representing five dis-
tinet glacial stages, separated by evidences of four interglacial
stages. The relation of these is expressed in the following table,
in which the oldest is at the bottom: "

Wisconsin stage (glacial).
Peorian stage (interglacial).
Towan stage (glacial).
Sangamon stage (interglacial).
Illinoian stage (glacial).
Yarmouth stage (interglacial).
Kansan stage (glacial).
Aftonian stage (interglacial).
Nebraskan stage (glacial).

Of the glacial stages but two are represented in Cass county:
the Nebraskan and the Kansan. Of the interglacial stages but
two can be distinctly recognized: the Aftonian and the Yar-
mouth. Deposits of the other stages are found elsewhere in the
state. In Cass county the various post-Yarmouth changes are

NGeorge F. Kay, ““Some Features of the Kansan Drift in Southern Iowa,” Bulletin
Geological Society of America, Vol. 27, pp. 115-117,

SiGeorge F. Kay, ““Gumbotil, a2 New Term in Pleistocene Geology,” Science, New
Series, Vol. 44, 1916, See also Iowa Geological Survey, Vol. XXVI, p. 217.
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marked by valley cutting and filling, affording a means of corre-
lation of events here with events in the central and eastern parts
of the state, and also in other parts of the country.

NEBRASKAN STAGE

The first ice sheet that is recognized is the Nebraskan,? whicn,
gradually accumulating and pushing southward, brought to the
confines of the county its load of mingled soil, clay, sand, gravel
and bowlders from the north, mixed with local matevial gathered
from nearer at hand. After the melting of the ice the surface
material that was left behind was subjected to long-continued
chemical change without marked disturbance of material, so that
a gumbotil was developed. Since this long-continued weather-
ing, changing the surface deposits of a glacial drift into a gum-
botil, occurred in Aftonian time, the gumbotil is considered an
Aftonian product of weathering, and is not classified as Ne-
braskan drift.*

The general body of the Nebraskan drift is well exposed along
the east and west road a mile south of Atlantic (sonth of section
8, Grove township). Here beneath the Nebraskan gumbotil the
blue Nebraskan drift contains pebbles of red quartzite, green-
stone, light grauite and quartz, such as are found in the Kansan
drift, except that no dark decomposed granites were seen, and
at this point the yellowish, oxidized upper portion was absent.
The Kansan drift is here present above the Nebraskan gumbotil,
but the Kansan gumbotil has been eroded away.

Well Records—All of the wells listed as presenting evidence
of the presence of preglacial deposits also contain evidence of
Nebraskan drift below the level of the Aftonian stage. To that
list may be added two other records that reveal the presence of
this deep-lying drift without evidence as to the character of the
preglacial deposits, though the inference is certain that the wells
derive water either from preglacial deposits or from the Dakota
sandstone beneath the drift.

m\%i. ,%to]rggg S‘axzodg. and Gravels in Western Iowa,” Geological Soclety

5W. C. Alden and M. M. Leighton. “The Iowan Drift. a Review of the Evidences
of the Towan Stage of Glaciation,” Iowa Geological Survey, Vol. XXVI, p. 57, 1915.
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No. Twp. Section Data
_2; Grant Se. 14 of the Ne., qr. | Went through a “stump’ far down
of section 2. in a well 252 feet deep.

50 to 60 feet of sand and gravel lie
between two blue clays in a well
that is 210 feet deep.

Ne. 14 of the Ne. qr.

21 | Washington of section 7.

Thickness of Nebraskan Drift.—The Nebraskan drift extends
from about ninety feet below the upland, just beneath the Ne-
braskan gumbotil, to twenty-five feet, or a little more, below the
river beds, a maximum for the county of about 176 feet. Six of
the wells that reach the bottom of it give thicknesses varying
from 120 to 173 feet, with an average of 148 feet. The minimum
thickness is zero, where the hills of Dakota sandstone reach
above the Nebraskan gumbotil plane, and where, especially
- along the river and larger creeks, erosion has proceeded to such
an extent as to remove the Nebraskan drift. Because of the
irregular preglacial surface, and also because of post-Kansan
erosion, the present thickness of the Nebraskan drift differs
greatly from point to point.

With a maximum thickness of 176 feet the drift would not
completely obliterate a preglacial relief of 204 feet and control
the early Aftonian topography. The difference between the two,
twenty-eight feet, would mark here and there depressions in the
early Aftonian surface, to guide the early drainage in a general
way along preglacial lines, or mark swamplike depressions
(kettles).

AFTONIAN STAGE

After the disappearance of the Nebraskan ice sheet the upper
part of the drift left by the ice was subject to weathering and
later to erosion till the advance of the Kansan ice sheet. The
interval of time is known as the Aftonian interglacial age. In this
time the upper part of the Nebraskan drift lost its small pebbles
by solution, and the large ones were reduced till there were left
only small smooth ones of the more resistant rock, such as
quartz, chert and greenstone. During the same time the clayey
portion of the drift was weathered to a gray to drab colored
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tenaceous clay called gumbotil.”* This gumbotil is now exposed
here and there as a result of later erosion.

In the present stage of erosion the Aftonian upland surface
of Nebraskan gumbotil can be seen along the roads well down
the hillsides of large ravines where there are freshly cut ditches,
revealing the horizontal dark band of gumbotil in contrast with
the bowlder-bearing drift above and below. It outerops by the
roadside between sections 25 and 26 of Brighton township, along
the southern boundary of sections 2, 3, 4 and 7 of Pymosa town-
ship, the east sides of sections 7, 18 and 25 and the south side of
23, Benton township, the east side -of sections 29, 32 and 33 and
the south of 19, the center of 28 and the north center of 29,
Grant township. In the next tier it is seen in abundance in the
northwest part of Washington township in sections 5, 6, 7, 8, 17,
18 and 19. In Grove township it was detected in sections 8 and
17, and sections 25 and 26. In Franklin it appears in the north-
ern part of section 10. In Cass township it is seen in the south-
east quarter of section 7. In Union township it is exposed
along the west and north sides of section 24; in Pleasant town-
ship along the north side of section 36; and in Victoria in the
southeast quarter of section 6. These are by no means all the
places, but they are sufficient to reveal the distribution. Ex-
posures are, of course, wanting where the road is above the
level of the gumbotil and where loess and washed material is
banked in upon it, and the character of the material is doubtful in
places not here included, where the road is at the level of washed
material from the hillsides. It is only where the cut is deep
enough to reveal the horizon of soil-like material that exposures
are clear. In some of the places where it was not found it may
have been removed in erosion during the Aftonian intérglacial
interval.

In the southern part of the county the level of the Nebraskan
gumbotil is approximately 80 feet below the common level of
the upland. Immediately south of Atlantic it is 58 feet below
a low upland, and is here at 1,234 feet above sea level. At
Cumberland it is at 1,228 feet above sea level, and at Bridge-

S%See the previous general discusslon of the Pleistocene Series. A further dis-
Pare st whs et recaemined by Proteeenr Comey B Koy, Giate. Geotosist

and traced across a considerable portion of the state.

15
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water it is at 1,218 feet above sea level. In the county as a
whole it is at approximately 1,220 feet above sea level. It ap-
pears to be higher in the northwestern part of the county than
in the southeastern part.*® '

In wells that reached deposits of sand or muck with an abund-
ance of water the deposits are definitely preglacial, or so closely
related to that horizon that variations in depth seem dependent
on variations in level of the preglacial surface. There are two
. wells®™ in which quantities of sand were found at about the hori- -
zon of the Aftonian stage, but these deposits are local. There
are elsewhere extensive bodies of sand, but they are found to be
post-Yarmouth in age, and are described under that heading.
No sections. of Aftonian bogs have been recognized where the
surface of the Nebraskan drift and gumbotil are exposed.

For the Aftonian surface, then, we are left in this county with
evidence only of the horizon of the Nebraskan gumbotil. The
measurements from the general level of the upland mark this as
a plane gently sloping to the southeast, but the conditions of
measurement are not such as to record in this county such un-
dulations and valleys as may have existed in the Aftonian sur-
face. No evidence of the presence of former kames and gravel
ridges associated with the Nebraskan gumbotil has been de-
tected. All such features seem to have disappeared in the
weathering to which the surface of the Nebraskan drift has been
subjected.

For comparison it may be noted that two miles west of Murray, Clarke
county, there is an extensive Aftonian bog. The Nebraskan gumbotil . is at a
level of sixty feet below the level of the upland, the top of the bog deposits
ninety feet, and the bottom of the bog about one hundred eighteen feet. This
gives a final Aftonian relief of thirty feet, and a valley filling of twenty-eight
feet, a total of fifty-eight feet. There are no beds of limestone or sandstone
that rise above the level of the gumbotil plain.

At Indianola, Warren county, the gumbotil plain, as seen in a valley north-
west of the city, is forty-four feet below the top of the Simpson College well,
in which, at a depth of one hundred twelve feet, a foot of water-bearing gravel
and pebbles rests on limestone and lies beneath twenty-five feet of Aftonian

®Thjs seems to correlate with the general uplift to the northwest, as described
by G. K. Gilbert for the area of the Great Lakes.

“Washington township, Ne. qr. of the Ne. gr. nf section 7: 50-60 feet of sand lie
between two blue clays, deep in a well that is 210 feet deep. TI'ranklin township, Se.
qr. of the Ne. qr. of section 36: There is a gravel at 70 feet with large volume of
water. It is beneath yellow and blue ciay.
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muck. Here the well is at or near the deepest portion of the Aftonian valley.
This gives a final local Aftonian relief of forty-three feet, and a valley filling
of twenty-five feet, a total of sixty-eight feet, under conditions that mark an
erosional valley rather than a constructional depression.

KANSAN STAGE

Following the Aftonian age® there came again an age in which
an ice sheet advanced not only over the county but also over the
whole of the continent to the north and pushed its way far to the
southward into northern Missouri and into Kansas. On melt-
ing, the ice left over the Aftonian topography which it had con-
cealed, a deposit of mingled clay, gravel, pebbles and bowlders,
known as the Kansan drift, completely mantling the Aftonian
topography.

The upper portion of the deposit for more than twenty feet
above the typical drift has been so altered by subsequent chem-
lcal action, which converted it into the Kansan gumbotil, that
this portion will be classed under the Yarmouth stage, and there
considered, just as the Nebraskan gumbotil was considered
under the Aftonian stage.

The Kansan drift sheet is the conspicuous one to be seen all
through the upper portion of the hilly parts of the county. It
is this drift which, from thirty to eighty feet below the upland,
contains the numerous pebbles and bowlders of all sizes up to
three feet in diameter, and of such variety as to attract atten-
tion by the exceedingly miscellaneous character of the asseém-
blage. There are granites of many kinds, including especially
a dark granite so decomposed by long continued weathering
that it crumbles in the hand. Other granites, especially the
light colored ones, are of a more resistant character. With
these are various quartzites, among which those of a reddish
color are most noticeable. Other very resistant rocks are of a
dark greenish color and are known as greenstones of various
kinds, generally diorites. With these are pebbles of quartz,
chert and schist of various kinds, material from distant sources
mingled with fragments of.shale and sandstone of more local

"Age is the time equivalent of stage.
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origin, all scattered heterogeneously through a mixture of clay,
sand and gravel, everything that an ice sheet could serape up as
it moved over hills and valleys.

The upper, oxidized portion of the typical drift is stained
yellowish red. Where this has been subjected to erosion other
than weathering the finer material is washed away leaving an
accumulation of the more resistant gravel, pebbles and bowlders,
such as may be seen along ravines where stream action is vigor-
ous in time of rain. Beneath the filling of the large valleys
there are undoubtedly such bowlders and pebbles from both the
Kansan and Nebraskan drifts as were too large for transporta-
tion by water when the valleys were excavated; but since their
excavation the deposition of sediment has concealed the bowl-
ders that are left.

Beneath the zone where weathering has been marked the Kan-
san drift is progressively darker in color, till deep beneath the
surface it is deep blue in color, generally with sand, gravel and
bowlders scattered through it, though the mixture is far from
uniform. In places it is dense and dark, almost free from grit;
in other places it is less dense, and of a more sandy texture.

The largest bowlders noted along the hillsides are chiefly of
granite and of red quartzite, of the following dimensions:

7 granites: 1 ft. in diameter.
3 ft. in diameter. 3 red quartzites:
2 ft. x 1 ft. x 2 ft. 3 ft. x 3 ft. x % ft.
20 in. x 16 in. x 15 in. 1 ft. 6 in. in diameter.
2 ft. 8 in. in diameter. 1 ft. in diameter.
1 ft. 6 in. in diameter. 1 greenstone:
1 ft. 6 in. in diameter. 1 ft. in diameter.

Of these but one, the greenstone, had striations (scratches due
to glacial action) still preserved, though polished surfaces and
subangular shapes were present.

The following pebble count was made east of Lewis about fifty
feet below the upland (southwest quarter of the southeast
quarter of section 12, Cass tdwnship) :
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Red quartzite................... 8 Hornblende schist............... 1
White quartzite................. 2 Dark 'argillaceous rock.......... 1
Quartz ..........iiiiii ., 13 Sandstone, dark................. 1
Quartz schist .......,........... 1 Sandstone, gray (native)........ 14
Decomposed granite............. 7 Chert, dark................v vt 1
Coarse, light colored granite..... 7 Chert, Bray.....ccuvuvenrenrnnnn 8
Dark granite ................... 4 Chert, white.................... 1
Greenstone .................... 27 —_—
Mica schist ..................... 4 Total ..........ccvivunnn 100

Thickness of the Kansan Drift.—The typical Kansan drift lies
between forty feet below the upland, just below the Kansan
gumbotil, and the leével of the Nebraskan gumbotil, which is
about eighty feet below the upland. In such relation the Kan-
san drift has a thickness of forty feet. It is wanting along ail
the rivers and large creeks, and along all the smaller ones
wherever they have cut down into the Nebraskan gumbotil and
drift.

THE YARMOUTH STAGE

It has long been recognized that the surface of the Kansan
drift presented a series of flat topped divides®® reaching across
southern Towa from near the Mississippi on the east to the
Missouri river on the west. - The trend of these divides changes
with the direction of stream erosion across the state, so that in
the eastern half the divides appear more like a series of steps,
while in the western part the divides slope more uniformly
toward the west. They clearly mark a dissected Kansan plain;
but why should that extent of glacial plain present no evidence
of kames, kettles, drumlins and gravel ridges, such as are to be
found in younger ground moraines, even within a few miles to
the north within our own state? Such features were sought in
vain, The uniformly fine material through the upland was
loess in the east near the Mississippi river and in the west near
the Missouri river. It was also loess in places in the center, and
was likened unto loess in other portions. A careful examina-
tion of this upland ‘‘gumbo’’, as it was called, revealed that in
the divides it was a part of the Kansan drift* into which it
graded. Ewven if composed of surface material from the Kan-

885ee physiographic descriptions in volumes IV to VIII, Iowa Geological Survey,
chiefly by H. F. Bain; also p. 448 of Vol. V1.

#John L. Tilton, “A New Sectlon South from Des Moines, Iowa,” Sclence, Vol. 388,
July 25, 1913, p. 133-135.
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san ice sheet, why did it not contain bowlders such as are found
in the oxidized drift so commonly seen by the roadside? This
absence of bowlders presented a difficulty that led to emphasis
upon the superglacial material that a glacier might carry; and
the various washed sands and gravel along valleys seemed re-
lated to the drainage lines formed immediately on the melting
of the Kansan ice sheet.® Still there was no explanation for
the complete absence of bowlders from the surface. It was at
this stage that Professor Kay took up the problem and inter-
preted the small pebbles found here and there in this deposit as
the remnants of former bowlders, the remainder of them having
been dissolved away in the course of a long lapse of time in
which the surface of the drift was converted into a ‘‘gum-
botil”’.** To further test this conclusion a series of analyses of
this gumbotil from the surface downward was undertaken by
Professor J. N. Pearce,” with results revealing clearly that the
soluble portions, the lime and potash, were dissolved from the
upper portion of the drift, to be redeposited lower down. The
amount of insoluble material, such as aluminum oxide, is greater
in the gumbotil than in the underlying drift. Clearly in the
course of a long lapse of time even such quartzite, greenstone
and granite bowlders as were in. this drift before it was con-
verted into a gumbotil have been dissolved away.

There are places in which bowlders are more abundant than
in other places, but no knolls of bowlders have been located ris-
ing above the level of the upland. In the eastern and western
portions of the state such knolls could easily be concealed by
beds of loess; but along the divides, away from streams in south-
central Towa, regions free from accumulations of loess, no such
topographic features are known to exist. The lime in the bowlder
clay as it was dissolved out, and the lime and potash from the
weathering of the feldspar and mica in the granite, furnished
the very alkali material necessary to dissolve the silica, even of
quartzite bowlders. A portion of the undissolved silica is still

to be found in portions of the gumbotil.

wit was tor these various deposits that the name Dallas Deposit was suggested
before the significance of the weathering of the drift had been worked out. John L.
Tilton, Proceedings of the Iowa Academy of Science, Vol. XX, p. 218.

siGeorge F. Kay, “Some Features of the Kansan Drift in Southern Towa,” Bulletin
of the Geological Society of America, Vol. 27, pp. 115-117; also “Gumbotil, a New
Term in Pleistocene Geology,” Science, New Series, Vol. 44, 1916.

92The analyses are soon to be published.
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This explanation of the conversion of the surface deposits of
a bowlder clay into a gumbotil emphasizes the length of time
required in the Yarmouth stage for the gumbotil to develop
before the advance of the next ice sheet, the Illinoian, for the
Kansan gumbotil plane is traced eastward beneath the Illinoian
drift, and northward beneath the Iowan and the Wisconsin dritt
sheets. While the gumbotil is chiefly the result of weathering of
drift, the change to a gumbotil is the important feature that
needs emphasis; consequently this deposit is classified as Yar-
mouth in age.*

In Cass county this Kansan gumbotil may be seen in cuts
along the edge of the upland, and the gradation may be noted
from the surface soil, through the subsurface soil and subsoil to
the more distinet drift below, where slumping and creeping have
not obscured the gradation, and where loess has not covered the
surface. Its lower limit is approximately thirty feet below the
level of the upland, down to which level it is a common feature.
Low uplands along valleys have been eroded below the horizon of
the Kansan gumbotil.

POST-YARMOUTH STAGES

After the surface of the Kansan drift had been converted into
a-gumbotil stream action was hastened by uplift till valleys were
finally cut beneath both the Kansan and Nebraskan gumbotils to
a depth even a little greater than the present level of the streams
(about twenty feet), and an erosional topography was well devel-
oped with broad flood plains and gently sloping valley sides. On
this surface there are four classes of deposits that claim atten-

tion: the sand beneath the river beds, the sand beneath the loess,

the loess itself, and the alluvium.

The Sand Beneath the River Beds.—As the drift sheets were
eroded the clay was transported away by the rivers, but a part
of the sand and gravel, mingled with other sand from eroded
Dakota sandstone, was worked along the stream channels and is
now beneath the river beds. Sand which was dredged from the
river near Griswold was largely of rounded quartz grains, ap-

®“As previously stated the explanation of the Kansan gumbotil was applied to the
SIilrface of the Nebraskan drift, leading to the discovery of the Nebraskan gumbotil
plane.
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parently derived from Dakota sandstone. Above this is another
sand of a fine yellowish character, that is related to the sand
found beneath the loess.

The valley filling thus consists of three parts: the lower sand,
the fine yellowish sand, and the alluvium.

The Sand Beneath the Loess—Near Atlantic there is a sheet
of yellowish sand of considerable extent. It is well exposed iu
. the southwestern part of section 28, Pymosa township, in the
bluffs along Troublesome creek. Here, five feet above the creek
bed and just above Nebraskan bowlder clay, rise bluffs of hori-
zontally stratified sand twelve feet high, brown in general ¢olor,
gray in places, containing pebbles of light colored quartz, red
and gray chert and red quartzite. Wells to the north, northwest
and northeast in neighboring sections appear to reach this same
sand. In section 33 (northeast quarter of the northeast quar-
ter), Pymosa township, yellow sand appears in abundance by the
roadside. Across the valley of Troublesome creek to the south
and just east of the Fair Grounds the Rock Island Railroad Com-
pany has an extensive excavation for ballast (southeast quarter
¢f the southeast quarter of section 4, Grove township). These
beds of sand lying exposed in a northwest-southeast direction
scem to have been connected formerly, though now separated by
the valley of Troublesome creek, and to lie in a valley eroded in
Nebraskan drift. They are at a somewhat higher level than the
river sand at the city pumping station, and are covered with
locss. -

In section 10, Grove township (northeast quarter of the north-
west quarter), close to the west gate of the Atlantic cemetery,
about three feet of a light yellowish sand may be seen in the
‘ditch by the roadside. Though somewhat higher than the sand
near the railroad, the base of this bed lies at about the level of
the topmost layers at the pit. Here also the top of the sand is
covered by loess. ‘On the opposite side of the city (northeast
quarter of the northeast quarter of section 7) lies a similar de-
posit of sand, at the same level and beneath the loess. Between
these two points wells in the city reach a similar bed of sand.
In the ravines immediately south of the city Kansan drift ap-
pears in the hillsides without sand either above or below it. 1t



THE LOESS 233

is thus not between the two drifts, that is, it is not Aftonian, but
extends down over the sides of two drifts, and is most abundant
in shallow valleys carved in the Nebraskan drift, at too low a
level for the Aftonian horizon.
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Fic. 32.—Interpretation of relations found at Atlantie, Cass county.

This sand is not river sand, even if it is continuous with thac
deposit. It appears to have been blown from early river flats
ont on the side of the post-Yarmouth valleys, and washed into
the drainage lines of the region.

The Loess—Loess is a wind deposit of fine dustlike material
High winds blowing over local hills and river flats and over dry
plains farther west sweep into the air from soil of all kinds
clonds of dust that settles chiefly along the valleys and on the
edge of the upland. In general character the deposits are clayey,
though rendered porous by an abundance of minute flakes ot
quartz whose partly rounded chipped edges and points are evi-
dence of wear as it was blown along. The material coutains con-
siderable lime and iron, so that later when it is deposited in beds
the upper portions weather further into a light yellowish porous
deposit free from lime, while the material two or three feet be-
neath ‘he surface is less weathered and has a reddish ecast due
to a larger proportion of the oxide of iron. In deep portions the
loess has a grayish tinge of color, where there is considerable
lime and where the iron is not oxidized. In many localities the
loess i1s free from shells and especially is this true of the weath-
ered 'ness, where the shells have been dissolved out. But in
some places it contains an abundance of minute and delicate
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shells® generally like those of animals that still live near by and
feed in sheltered places upon vegetation at the ronts of grasses
and weeds. Often there are found lime concretions which are
composed of lime brought in solution from elsewhere, generally
in the loess of this region from higher up in the loess.

Loess is most in evidence in the west half of the county. The
southwesterly winds that for ages have blown up the valleys of
Nishnabotna river and Indian creek have left deposits at many
places where deposition has been favored and erosion prevented.
At the railroad station at Marne is the most typical bed to be
found in the county. The part that is exposed is twenty-seven

T16. 33.—The bed of loess mear the railroad station at Marne, Cass county.

feet thick, laminated, fossiliferous, and bearing concretions. It
possesses the mealy character, the vertical cleavage, and the
porosity common to loess found in the bluffs along Missouri
river. The upper eight or ten feet is of a brown color; that
tu the lower, unoxidized portion is of a gray color.

A mile west of Marne the upper eight feet of the railroad cut
consists of brownish weathered loess; which is here free from
lamination and from lime concretions and shells. So, too, in

“For a discussion of loess fossils see B. Shimek, “The Significance of Pleistocene
Mollusks,’”” Science, N, 8. Vol. 37, April 4, 1913, pp. 501-509; “Alluvial Fossils and
Modern Drifted Shells,” Supplement to the address of the chairman of section E,
Geology, American Association for the Advancement of Science, Cleveland, Ohio. 1912;
“Gegsl)og%r of Harrison dnd Monona Counties,” Towa Geological Survey, Vol. XX, 1909,
PD. 5-8.
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the cut between Indian creek and the west county line, the upper-
most portions are composed of loess, which is now mostly
grassed over. A mile and a half east of Marne, at the highest
point in the divide, a gray loess is found for six feet below the
grass. It is free from lamination, from fossils and from con-
cretions, and is sandy. On lower ground north and west the
sides of a gully are distinctly not loess.

At Atlantic the pit ten feet deep for the base of the soldiers’
monument was dug in loess that showed lamination up to four
feet from the soil. It here contains no fossils and no concre-
tions. The excavation for the basement of the new high school
building is in loess of the same character. At Vista Place
loess caps the upland; only toward the bottom of excavations
for the roadway does the weathered Kansan drift with a few
pebbles appear. At the clay pit west of town the deposit is a
loess, though very clayey and free from fossils and concretions.
The lamination noted seemed due to slumping. So, too, at Lewis
the clay pit is in a gray loess banked in on the west side of the
valley and rising ten feet above the second bottom. This loess
is noted along the western slope of the Nishnabotna, and along
the highest ground to the east, as in section 24 of Cass township
(southeast quarter of the southeast quarter) and section 26
(southwest quarter of the southwest quarter); in section 6 of
Beargrove township (northwest quarter of the northwest quar-
ter), section 7 (southeast quarter of the southeast quarter) and
section 27 (southeast quarter of the southeast quarter) ; section
11, of Pleasant township (southwest quarter of the southwest
quarter) and section 13 (northwest quarter of the northwest
quarter) ; section 18 of Noble township (northeast quarter of the
northwest quarter) and section 27 (southeast quarter of the
southwest quarter). On the other hand it is not recognized as a
distinet loess deposit on the highest ground in the northwestern
part of Pymosa township, nor in the various cuts from Atlantic
along the railroad to the east county line, nor in the divides in
the eastern half of the county.

In general the loess is banked in on the east side of the valleys
of Indian creek and of the Nishnabotna as far as Atlantie, and:
against the highest ground half way across the county, espe-
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cially the highest ground facing the west and southwest. From
Atlantic northward along the river valley the west side of the
valley is favored with loess because of the turn in the valley by
which the west side is brought into the line of air movement of
the prevailing southwesterly winds up the valley. The same
is true along the northern side of Turkey creek in the lower part
of its course; but in the northeastern part of the county the
eastern side of the valley is more favored by deposition. ~ Loess
is abundant south and southwest of Adair. Along the west
branch of the Nodaway and its tributaries the deposition of
loess is not so pronounced.

I'1g. 34.—Where the loessial topography ends and the erosional topography in the
upland begins. View southeast from Vista Place, Atlantiec, Cass county.

Along ravines everywhere, except where they emerge near
low ground close to the Nishnabotna, loess has been eroded
away if it was ever deposited.

It is possible that on the high ground to the east of Trouble-
some creek and to the southeast of Turkey creek there are beds
concealed in favored places, and that loess forms an inconspic-
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uous portion of the soil. As traced from one divide to another
east from the creeks the loessial characteristics became less
distinet, and in the place of loess was noted a deposit of indef-
inite character that may result from gumbotil or from a thin
loesslike deposit, the two forming black soils that are much alike.

From Atlantic southwest along the east side of the Nishna-
botna the loess seen was completely leached of its lime through
the action of ground water. This, with the loss of silica and
iron carried away in solution, would account for the especially
clayey character where the action of ground water has been
pronounced.

The Alluvium.—A. considerable area of bottom land along
Nishnabotna river and Indian, Troublesome and Turkey creeks,
has been frequently inundated by high water. The deposit laid
down in time of flood is a fine dark colored laminated clayey silt.
There are numerous oxbows along these streams, and places that
are scoured by concentrated flow at high water. In such places
the water stands for considerable time after the floods are over,
till in the course of years they are gradually filled by a dark,
fine clay of uniform composition.

The Terrace—The terrace is composed in places of Nebraskan
drift left uneroded and in places of a dense dark deposit washed
in at a former time when the river flowed at a higher level than
at present. Loess is found also in places on the terrace, and
also in places banked in against it as previously described.

Sequence of Post-Yarmouth Events—From the beginning of
the uplift that hastened the erosion of valleys in the Kansan and
Nebraskan drifts till they reached a depth of twenty feet below
the present level of the streams, until the present time there is
in Cass county no distinctly separate effect traceable to the
existence of Illinoian, Towan and Wisconsin drift sheets, nor to
the presence of Sangamon and Peorian interglacial intervals,
and no separate effect traceable to changes in elevation® either

80, Gordon, Buried River Channels in 'Southeastern Iowa ; Iowa Geological Sur-
vey, Vol T, p. 239, 1893,

Charles R. Keyes, Geology of Lee County; Iowa Geological Survey, Vol. 11X, Plates
27 and 28, 1893.

J. 3!3&2 Uldg%%n, Geology of Muscatine County; Iowa Geological Survey, Vol. IX, Plate

» P,
18 VYSQI;)I Norton, Geology of Scott County; Iowa Geological Survey, Vol. IX, pp. 413-

Frank Leverett, The 1Illinois Glacial Lobe; Monograph XXXVIII, U. S G. S,
Chap. 12, 1899,

J." Ernest Carman, The Mississippi Valley between Savanna and Davenport; Illi-
nois Geological Survey Bull. 13, pp. 57-78, 19

James H, Lees, Farth Movements and Drama.ge Lines in Iowa; Proceedings »f
the Towa Aoa.demry of Sciénce, Vol. XXI, for 1914, especlally pages 197-179.
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o the north or to the south of Cass county. All such effects are
lost as minor details in the general trend of events, all merged
into one long-continued time of erosion. It is to a time preced-
ing the silting up of the valleys, perhaps to the early part of it,
that it seems necessary to refer the deposition of sand blown out
over the low ground of Nebraskan drift, and, following this, the
beginning of the deposition of a considerable body of loess out
over the sand. A portion of the loess is undoubtedly related to
thick beds of loess in central and eastern parts of the state,

~which beds are found to be Peorian in age. Deposition of loess
in some places and erosion of it in other places is judged to have
continued with varying rapidity even up to the present time.
On the melting of the Wisconsin ice sheet there was an immedi-
ate and pronounced effect, traceable in the terrace.

The -terrace along the Nishnabotna and the Nodaway, and
along streams of southwestern Iowa, is continuous with the
terrace along Missouri river, which in turn is traced to the same
causes that produced the terrace deposits along Mississippi, Des
Moines and Middle rivers:* namely, the flooding of the valleys
on the melting of the Wisconsin ice sheet, and the partial filling
of the valleys with sediment. The great volume of water that
sought an outlet southward through Missouri river into the
Mississippi and thence to the gulf is well attested by the river
gravels, terraces and deltas through which the present streams
of comparatively insignificant size have since cut their trenches.””
The backwater thus produced in the tributaries led to the silting
up of their channels such as those in Cass county, to the level
of the present terrace

In Cass county the drainage has a peculiar relation to drainage
from the Wisconsin ice, and affords a chance to test the conclu-
sion above stated. Neither the west branch of Nodaway river
nor any of its tributaries, which drain the southeastern half of
the county, rises near the area of the Wisconsin drift, drainage
now, and probably formerly, being cut off on the northeast by
Raccoon North and Middle rivers with their tributaries. Con-
ditions are different for the HEast Nishnabotna which flows

%John L. Tilton, The Age of the Terrace South of Des Moines, Iowa; Proceedmgs
of the Towa Academy of Science, Vol. XXII, for 1915, pp. 233-236

®The various folios of the Geologic Atlas of the U. S. Geologica.l Survey covering
parts of eastern North and South Dakota are very significant in this regard.
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through the western part of the county. This stream rises not
far from the margin of the Wisconsin drift. Though Brushy Fork
in Carroll county now cuts off from this river the drainage from
the area of the Wisconsin drift, the Nishnabotna may formerly
have secured part of its sediment from the outwash area south-
west of the Wisconsin drift. Wlile the silting up of the Nishna-
botna channel would lead to silting up along Indian creek, it
would not lead to the silting up found in the Nodaway valley.
To accomplish this Missouri river itself must be affected. It
thus appears that a common cause was operative affecting this
whole region.

After the melting of the ice the streams diminished in volume

to their present size, and assumed the new task imposed upon
_them of removing the clay, silt and sand that clogged their

courses and of establishing a new grade below the former ter-
race level. Whether this renewal of erosive stream action was
due in part to a slight uplift, or wholly to a lessening of the load
carried by streams, is not clear from data here obtainable. The
task is now accomplished to such an extent that we find the
streams flowing on gradients fairly well established; but the
difficulty of accomplishing the task is still evident in the pres-
ence of numerous bayous and the marshy ground along the
rivers, and in the cutting as well as filling that has resulted in
the present flood plain eight feet below the level of the old
flood plain.. Parts of the,old flood plain are now left-as a terrace
through which the water from the various ravines in the upland
has trenched its way. Ridges from the terrace now reach out
into this bottom land in places, while along the eastern side of
Nishnabotna loess is still banked against the terrace.

Recent natural changes are insignificant in comparison with
those above ‘described. The most pronounced is the renewal of
erosion along the edge of the upland, less marked here than
farther east, which is traceable to effects of cultivation of the
soil, and particularly to the destruction of the old blue-stem
prairie grass with its long roots.®® Along ravines deposits are
forming in some places 'and disappearing in others, under the
changing influences of the hand of man. Along the river bottoms

$John L. Tilton, Pleistocene Deposits of Warren County, Towa, pp. 39-40.
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the streams occasionally cut horizontally, and in time of flood
scour and fill. They have reached their grade, and show no pres-
ent effects of changing elevation. The wind sweeps the dust up
the valleys, adding an increment to the loess beds that during the
year is inappreciable, though in the course of many years it is
considerable. The chief factor now influencing change is Man.

ECONOMIC GEOLOGY
Soils

The distribution of the Pleistocene deposits just described is
the key to the character of the soil.

Loess—On the upland bordering the east side of the river val-
leys (chiefly the west side north of Atlantic and along Turkey
creek as previously stated) and down the western slope of the
upland, is the yellow loess, thin in the upland, and thicker on
gentle hill slopes, with little distinction between soil and subsoil,
but with the upper two feet darkened by humus that has been
forming for ages. This soil is naturally well drained because of
its porosity, while this property, due to the loose arrangement
(structure) of the fine quartz and clay, also permits water to
rise by capillarity from below to the roots of the plants. It is
only when stirred while there is water on it that the clayey por-
tion settles forming an impervious stratum over the bottom of
the pool. Such land is the richest corn land in Towa. This
loess soil is the Marshall silt loam of the government classifica-
tion of soils.

Along the western edges of the upland lies the Kansan gumbo-
til beneath the loess, and close enough to form a subsoil where the
loess is thin. The leaching of ages has removed the lime for-
merly a part of it, and has removed other portions, not only the
more readily soluble portions of a bowlder clay but even much
of the silica from decaying pebbles and bowlders that may for-
merly have been present, leaving the remainder more clayey
than before. Concealed beneath the loess it eannot readily dry
out and thus serves as somewhat of a reservoir of moisture and
also as a base to the more porous loess above. The slight
change in the character of the subsoil from loess to gumbotil is
not sufficient to affect the character of the soil.
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Loess is found also in beds at lower levels, especially in the
terrace east of the Nishnabotna. Here it is the same class of
soil as in the upland, but the surface of the loess lies nearer the
general level of the water table,

Gumbotil.—Along the upland where the loess is thin, espe-
cially along the upper slopes on the western sides of the valleys,
the Kansan gumbotil forms a soil much like that formed by the
loess, but with a subsoil more clayey than loess. The change in
color from a light yellowish to a yellowish red is due to the
increase of iron from the surface down into the.deeper portions
of the subsoil; with this change there is an increase in lime and
potash. In classification this soil has been included in the
southern Towa Loess.” By the United States Bureau of Soils
it is called the Putnam silt loam™ and at times the Shelby silt
loam. 1Tt is also called the Marshall silt loam.” Mr. Coffee in
discussing this soil recognizes its clayey character as not like
that of a true loess.

‘When the gumbotil is charged with humus it makes a rich
porous soil second only to that of loess, but the gradation down-
ward into a distinet weathered bowlder clay reveals its true
relation. The clay beneath serves as an imperfect water carrier
to retain moisture for the plants above, and serves also as a
reservoir of mineral matter that can by capillarity reach the
plants above in solution. The treatment of this rich soil of
gumbotil is readily mastered. The roads composed of it must
be dragged while the gumbotil is drying, and corn planted in it
must be cultivated after the soil is too-dry to.stick and not dry
enough to cake. By cultivation rapid evaporation of moisture
is prevented, while capillarity still brings up to the roots the
moisture needed.

The Nebraskan gumbotil, which is found about eighty feet
below the upland, is the same kind of soil material as the Kansan
gumbotil, and deserves to be classed with it.

oW, H. Stevenson, “The Principal Soil Areas of Iowa,” Bull. 82, p. 378, 1911,
Agricultural Experiment Station, Soils Section, Ames, Iowa.

George Nelson Coffee, “A Study of the Soils of the United States,” Bureau of
Soils, Bull. No. 85, p. 51, 1913. .

“Jay A. Bonsteel, “Important American Soils,” Yearbook of the Department of
Agriculture, 1911, p. 226. In “Soil Survey of Pottawattamie County, Iowa,’ U. 8.
Bureau of Soils, 1916, pp. 15-16. Marshall silt loam is said to be derived from Missouri
loess, but seems to include the gumbotil, for which there is no special designation.

16
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Drift Soil.—In places along the hillsides the bowlder bearing
portion of the drift lies close to the surface, the pebblés in places
showing in the thin soil along the slopes. This type of soil in
Cass county is not so abundant as it is farther east in south-
central Towa where there is no loess. Where these patches of
soil-are so inconspicuous as not to interfere with cultivation the
soil may still be considered a Putnam silt loam, though thin.
‘Where the surface is too rugged for cultivation, and the soil now
as before the advent of the white man is given over to timber,
this light colored timbered soil is classed in the Miami series
of soils,

Colluvial Soil.—from loess, gumbotil and drift. Along the
bases of .gentle slopes in ravines a thick soil has gradually ac-
cumulated due to the creep of soil from the hillsides as the ma-
terial alternately froze and thawed, and was alternately water
soaked and dry. At times surface erosion supplied material
that rain washed down the slope. All such deposits along the
valleys and ravines are classed as colluvial deposits. Inasmuch
as they partake of the general character of material in the up-
land, and are equally well drained, they also are classed as Put-
nam silt loam where the gumbotil is the chief source, and as
colluvial Marshall silt loam where loess is the chief constituent.
This deposit is to be distinguished from the beds of loess that
are banked against the eastern valley sides along Nishnabotna
river and Indian and Turkey creeks, which are of true loess un-
disturbed. *

Alluvial Soil.—The terrace along the rivers is in places more
sandy than the colluvial deposits, and in places more clayey,
consisting of material brought down by the river when it flowed
at this higher level, mingled with material washed from slopes
nearer at hand. The terrace is high enough now to be well
drained. Thus drained and aerated the material forms a soil
that seems a continuation of the colluvial soil. It is recognized
as an alluvial silt loam from dark colored prairie soils. The
terrace generally has water bearing sand fifteen to twenty feet
beneath its surface, giving an ever present supply of moisture
near at hand. This soil is to be distinguished from loess banked
in against it. ' '
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Near the stream the flood plain receives, especially in the
spring time, the present alluvial deposits of the stream. These
form a slightly higher deposit close to the stream where the
coarsest deposits are laid down, building up the natural levee.
Back from the natural levee the low ground has favored the
formation of swamp soils, especially in bayous, or old stream
channels. Even this swamp soil becomes good soil for cultiva-
tion when properly drained. The straightening of the courses
of Indian creek and of the Nishnabotna and the use of lateral
ditches and tiling here and there to drain low places, is not only
preventing floods but also opening to cultivation thousands of
" acres that prior to the drainage of these low places were unfit
for cultivation.

Old soils from weathered Dakota sandstone and from Missouri
limestone and shale are so concealed by the drift that they do
not deserve consideration in this connection. It is only oceca-
sionally that over a few square feet their products are a consid-
erable constituent in the soil.

CROPS.

In the past twenty-seven years corn™ has averaged 32.3 bushels
per acre, the amount per year varying with the character of the
season. The maximum of 38 bushels per acre was obtained in
1916. 'Wheat has averaged 15.8 bushels per acre, the variations
between spring and fall wheat in a measure off-setting each
other, the maximum reaching 23 bushels per acre. Oats has
averaged 27.7 bushels per acre with a maximum of 47 bushels.
Barley has averaged 25.4 bushels with a maximum of 34. Pota-
toes have averaged 75.6 bushels, with a maximum of 177 bushels.
Rye has averaged 21.3 bushels in the past fourteen years, with
a maximum of 45 bushels. Tame and wild hay together have
averaged 1.5 tons per acre. In the past few years alfalfa has
been grown with an averagerof 3.5 to 4 tons per acre. ,

Phere is no record of the amount of yield of the different
types of soil. With a continuation and an extension of the mod-
ern careful selection of seed corn and care in the selection of
other grain for seed the average yield will undoubtedly increase.
This average will be still further increased by the tiling of wet

ZFrom the Annual Reports of the Iowa Weather and Crop Service.
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places and by the drainage of the bottom land, thus saving the
acreage in places that in other years has been too wet to mature
a crop. The chief factors determining the yield are variation
in precipitation combined with duration of high temperature,
which in a measure operate together, the highest temperature
oceurring when precipitation is least. Already the farmers not
only seek to maintain -a good average yield by planting fields
that give their best vields under different conditions, one when
the season is wet and another when the season is dry, but they
study the most suitable methods for cultivation under the differ-
ent conditions. Even with this care the effects of drought with
long periods of intense heat cannot be fully offset. Fortunately,
however, such instances as the drought of 1894 and of 1910 are
extremely rare, and the high temperature of 1901 is unusual.
In 1901 potatoes and corn were the only crops affected motice-
ably. Generally, and almost without exception, the precipita-
tion oceurs in sufficient abundance during the growing months
to meet the needs of the crops. ‘

Meteorology

The location of Cass county upon the western side of the
“Missouri divide’” places it in Section 52 of the Weather
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RAINFALL AT ATLANTIC 245

Bureau, United States Department of Agriculture; it is also
classed in the ‘“‘Southern Division’’ in the reports of the State
of Towa. From the records of J. W. Love and of T. H. Whitney
of Atlantic, which cover the years since 1890, the mean annual
temperature is found to be 48.3° Fahr., ranging from an average
maximum of 99.8° for these years to an average minimum of
minus 12.2° for the same length of time. The variations are best
given in the form of a diagram.

The mean annual precipitation is 31.87 inches, distributed by
months as follows:

January .............. .90 inches July ..oee 3.82 inches
February ........ ,--.-1.14 inches August .............. 3.53 inches
March ................ 1.63 inches September ............ 3.67 inches
April ...l 2.91 inches ,  October ............... 2.55 inches
May ..ooviiiniiin. 4.41 inches November ............ 1.21 inches
June ........... ... 4.99 inches December ............. 1.18 inches

In sixteen years the direction of the wind has averaged Nw. 5,
Sw. 6, S. 4, Se. 1. In the same number of years there has been
an average of ninety days per year with one one-hundredth of
an inch or more of precipitation. In character the days have
averaged as follows per year: clear, 109; partly cloudy, 108;
cloudy, 148.

RECORD OF PRECIPITATION?s IN INCHES AT ATLANTIC, IOWA.
ALTITUDE 1164 FEET ABOVE SEA LEVEL.

v cls (B3| g2 ale |2 |g E’
“ SlE S |e/2 |2 A< |48 |2 |a |3
- :

2.16| 6.68( 8.78| 6.16) 1.72{ 1.94 3.35| .77 1.88| 38.19
3.88( 808 1.07| 552 238 .79{ 127 .12{ 1.70| 27.93
268 3.64 7.56| 258 3.12( 2.58 .36/ .77| 1.95 26.08
152 118| 3.95| 1.23| .56/ 3.99| 3.78| .20| .97| 20.91
5.16| 1.20| 5.06| 92| 7.69} 4.59| .30| 1.52| .66/ 28.11
3.59| 6.52| 7.89| 7.14 3.07| 3.23) 4.26( 1.54) 1.23| 41.47
6.80| 2.68| 3.76 | 2.39) 2.68| 231 2.11 ~T | 1.50( 29.41
249| 461| 8.74| 260 .63 2.72| 2.11| 1.05| .58/ 30.06
1.69| 6.08| 5.70| 471 4.66| .56 3.66| .72 158 31.25
2.33| 2.35 2.09| 8.20| 4.81| 3.68 5.15 .30| 1.24| 33.89
2.85| 2.48/ 6.70 | 144 1.13[ .71} 2.80| 72| .60| 27.93
1.37| 448 6.89| 9.36| 4.75 4.44| 2.51) 2.68| 2.66| 43.51
2.26(12.37| 3.34| 3.68) 9.10 2.01| 2.12| 1.24| 25| 39.58
4.35| 4.20 3.84| 547| 3.80| 3.06| 1.40| .08 1.05 3103
3.721 3.03/ 5.59| 2.38 4.54| 9.23] 4.79] 2.54] .10/ 40.03

. BThe meteorological records at Atlantic were kept by Mr. J. W. Love till Novem-
ber, 1908, and by Mr. T. H., Whitney since November, 1908,
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RECORD OF PRECIPITATION. (Continued)

v |S15|E|El8lel 2|8 Elslsls ©

=& g <‘.o‘ = =4 = <::‘.‘ A 5 Zo [a] 5
1906 —-oomooo 80| 99| 1.97) 4.34] 2.65] 5.87 | 591 253 6.53( 115! 1.53] 1.30] 33.57
1907 ~_TZ 0T 200 98| 77| 94| 2.19| 513 | 593 2.56| 3.00| 1.77) .88| .26| 24.51
1908 227707 22) 160| 85| 93| 8.80| 7.22 | 2.28| 3.57| .73 3.96, 29| .46[ 3086
1909 27T 1.90| 1.40| 97| 3.63| 3.43| 9.08 | 6.0/ 44| 6.03) 2.90 8.66| 1.94| 46.58
1910 T 117 28| .| 30337 271 | .82(11.22| 2.95( 115 .39| .16 24.52
1911 T 35 2.69| 86| 340( 4.32) 31| .89( 395 214 1.85 53| 3.40| 24.69
1912 ZTTTTT 52| 1.74) 2.61| 350| 72| 3.38 | 1.82| 2.88| 6.05 4.38 40| .36 2845
1913 ~_ 77T 89| 69| 335 3.29| 6.82| 3.10 | 49| 149! 375 178 1.28 1.53 28.46
1914 7 86| 78] 2.17) 484 128 6.60 | 1.20| 271 649 4.46 .16 140 32.95
1915 222210 2.13( 215 1.29| 1.53 8.27| 3.01 | 9.58| 3.88| :3.65( 149| 1.54| 1.02 39.54
1916 ______7_ 254 53| 47| 2.22| 3.20| 251 | 265 1.81 5.31| 143| 161| .96 25.24
Means - 90| 1.14| 1.63| 2.91| 441| 499 | 3.82| 3.53| 3.67| 2.55 121| 118 3187

RECORD OF PRECIPITATION® IN INCHES AT CUMBERLAND, IOWA.
ALTITUDE 1223 FEET ABOVE SEA LEVEL.,

5 ol
s |8 o Rl g S A PN < 3
Ye“&&gé‘siﬁé‘&’qz"é’g
E
1900 - 00 73] 2.12] 1.91) 2.78| 1.89| 4.33| 3.59| 4.63| 4.40| .20{ .30| 26.98
1901 . 40| 1.50) 1.55| 2.22| 2.33| 5.14| 1.39| .71| 2.87) 2.46| 1.24| .80| 22.61
1902 o __ 1.10| .21} 4.33| .51| 2.26| 6.06| 8.99| 5.36| 5.46| 3.23| 1.37| 1.80( 40.68
1903 . ____ T | 1.00| 1.10| 1.65| 8.27| 296| 6.69 9.32| 1.70| 2.15| .78| .20| 35.82
1904 _________ 2.10| .10{ 3.20( 4.10| 3.42| 3.71| 4.71| 3.25| 2.08| 1.32(_-_ | 1.20| 29.14
1905 ____ 1.00| 2.25| .90| 3.52| 4.94| 5.81| 4.02| 3.73| 8.22| 2.85| 2.31| .04| 39.59
1906 oo 140 .50| 2.62| 2.40| 1.73| 5.67| 3.17| 1.86| 3.33| 1.10( 1.32| 2.00| 27.10
1907 - 78| 111 .38 1.24| 2.46| 6.28| 10.76| 1.87| 3.38) 2.81| 1.42| 1.37| 33.81
1908 - 80| 1.80{ 2.31| .77|12.00| 8.28| 4.42| 6.19| 1.52| 4.14{ .76 ..08| 43.07
1909 . 2.12| .85 1.10| 5.36| 3.59| 6.92| 4.73| .50| 4.14| 4.70¢| 3.36| 1.80| 39.17
1910 o _____ 90| 60— __| .20| 2.73| 1.39| 2.50| 7.10( 5.00| 1.56| 1.03| .20| 23.21
1911 . 40| 2.64| .35/ 8.65 2.86| .27| .63| 3.93| 3.65| .77| .51} 3.45| 23.06
1912 .. 35| 1.70| 2.50| 8.15| 1.29( 3.54| 1.57 3.61| 4.94| 2.90| .42} .13| 26.10
1918 . 90| 70| 1.97| 2.10| 7.6} 4.12| .11| 2.25| 4.71| 6.27| .87 1.71| 33.32
1914 _______ «| 61| .70| 228 3.11| L.10| 3.56 110 2.50| 5.07| 2.51|-- | 80| 23.34
1915 . ____ 76| 1.45 40| 1.98| 8.44| 4.26| 7.70| 2.58| 3.28| .89| .62 .11| 3247
1916 - 1.27| .60[_- __| 2.04| 3.18| 2.58| ‘1.41| 1.71| 2.47| .97| 2.13| .91| 19.57
Means __.___ .88 1.08 1.69| 2.35| 4.18| 4.26 4.01 3.53| 3.91| 2.65| 1.08| .99| 30.53
LY

From these tables the precipitation during the growing
months is found to be as follows:
' WThe meteorological records at Cumberland have been kept by Mr. J. H. Reppert.
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ATLANTIC ‘CUMBERLAND
INCHES INCHES

May ....oooiiinns T 4.41 4.18
JUDE .ottt ittt i e i e 4.99 4.26
B 2 3.82 4.01
August ... e e 3.53 3.53
September ....... ... i, 3.67 3.91

2042 - ©19.89

" The dates of the last killing frost in the spring and the first
killing frost in the fall are as follows, for Atlantic:

. FIRST KLLING FROST
LAST KILLING FROST IN SPRING. IN FALL

1904 ... April 28....... . iiiiiiiias September 14
1905 ... May 26 ..ottt October 11
1906 .. ...l May 28...........iiiininn. September 27
1907 oo May 27......0cciiiiinnnnnns September 25
1908 ..o May 9 ...l September 28
1909 ... i May 10.......c00civivvannn, October 11
1910 . ieiiiii i May 4........0iiiiiiiiiiann September 27
1911 .o May 2... . iiiiiiiiiiannranns October 21
1912 ... e, May 17......... e September 26
1913 ... e LApril 28, e, September 22
1 April 20....... e, October '15
R May 9......iiiiiniiieninens October &
B May 18 ... ..ciiiiiirieaen, September 15

The earliest date of the last freezing temperature in the
spring is April 20 (1914), and the latest date is May 28 (1906).
The earliest date of freezing temperature in the fall is Septem.
ber 14 (1904) ; the latest date is October 15 (1914).

Native Flora and Fauna

Here as elsewhere in southwestern Iowa the native timber is
confined to ravines and river valleys, where the ground is pro-
tected from the intense rays of the summer sun and the dry
southwest winds. The groves that now beautify the homes on
the uplands and add comfort there are all planted by man. Here
the soft maple, because of its rapid growth, is a favorite for
groves, while the red and white elms, the box elder, sometimes
the cottonwood, and occasionally the spruce, are used for orna-
ment and individual shade. The native grasses are largely re-
placed by blue grass, timothy and clover on the upland, but on
the low ground a wild hay is harvested in about the same quanti-
ties as the tame hay. In out-of-the-way places, along the shady
hillsides and along roadways may still be seen the native flora;
but it is undergoing a rapid change because of cultivation of the
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soil. This fact is emphasized in the appended list of some of
the plants of Cass county. Asthe boggy ground along the larger
streams is now drained the habitat of the cattail flag, water leaf
and arrow leaf is also restricted in area.

The large forms of the wild fauna that frequented these val-
leys before the advent of the white man are now completely
gone, except the pair of deer protected in the wilds of a small
park of native plants preserved for years‘through the foresight
and love of nature of Mr. F. C. Pellett and Mr. T. H. Whitney.
Of the smaller forms the fox squirrel still peers through the
branches, and the ground squirrel scurries to his hole. Amid
the trees and brush the catbird, thrasher, oreole, wren, song
sparrow, robin and bluebird contribute their abundant labor to
the welfare of man and add the beauty of their song. The ever-
present crow rivals the noisy blue jay and pugnaceous English
sparrow for supremacy in the feathered tribe. The busy
flicker, red headed and downy woodpeckers search for their
hidden prey, the barn swallow, martin and chimney swift flit
about, while in the quiet shades by the river the kingfisher and
heron patiently wait their chance. The quail, protected by the
game laws, is the last of the important game birds of the early
days, excepting those that in migration pause on their way north
or south., vt N

SOME OF THE COMMON PLANTS OF CASS COUNTY, IOWA.™

For the following list of plants I am almost entirely indebted
to Miss Besse S. Tilton, teacher of science at the ‘Atlantic High
School, 1913 to 1917, and to Mr. Frank C. Pellett of Atlantic, a

In the various proceedings of the Iowa Academy of Scierce may be found
many papers on the fauna and flora of Iowa. Those which wholly or in part relate

to the plants or animals of southwestern Iowa are as follows, in the order of their
publication : -

Vol. I, Part 2, 1890-91. L. H. Pammel, “Report of the Committee on State Flora,”
pp. 88-92. Herbert Osborn, “Catalogue of the Hemiptera of Iowa,” pp. 120-131.

Vol. 11, 1894. H. F. Wickham, ‘““Coleoptera of Iowa,” pp. 45-51. .

Vol. 111, 1895. L. H. Pammel, “Notes on the Flora of Western Iowa,” pp. 106-135.

Vol. V, 1897. T. J. and M. F. L. Fitzpatrick, “Flora of Southern Iowa,” pp. 134-173.

Vol. VI, 1898. T. E, Savage, “A Preliminary List of the Mosses of Iowa,” pp.

%%-%gé T. J. and M. F. L. Fitzpatrick, ‘“The Flora of Southern lowa, Part 2,” pp.

Vol. VIII, 1900. James E. Gow, ‘“Preliminary List of the Flowering Plants of
Adair County,” pp. 152-159. L. H. Pammel, “The Thistles of Iowa,” pp. 214-239,
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naturalist whose writings are widely known throughout the
middle West. To his long familiarity with the local flora is due
the valuable comment stating plants that are now less abundant
than formerly in this region.

Acer dasycarpum Ehrh. Soft maple. Common in groves.

Aesculus hippocastanum Linn. Common horse chestnut or Buckeye. Rare.

Agrostis vulgaris Thurb. Redtop.

Aletris farinosa Linn. Star Grass. .

Allium tricoccum Ait. Wild Leek. Common in woods along
streams.

Allium cernuum Roth. Wild Onion. Common in open woods hear

. water.

Alopecurus pratensis Linn. Meadow Foxtail.

Amaranthus Pigweed. There are several species.

Amaranthus albus Linn, Tumbleweed.

T. J. and M. F. L. Fitzpatrick, “Betulaceae of Iowsa,” pp. 169-176; “The Fagaceae
of Iowa,” pp. 177-196.

Vol. IX, 1901. L. H. Pammel, “Preliminary Notes on the Flora of Western Jowa
Especially from the Physiographical and Ecological Standpoint,” pp. 152-180. H. H.
Hume, ‘“Ustilaginae of Iowa,” pp. 226-240.

\;%Ié 1}%6 1902. T. J. and M. F. L. Fitzpatrick, *“The Scrophulariacee of Iowa,”
Pp. 1o6- .

105‘;%1(‘) XII, 1904. Fred J. Seaver, “An Annotated List of Iowa Discomycetes,” pp.

Y7051.87XIH, 1906. Charles E. Bessey, *“The Forest Trees of Eastern Nebraska,”
- Db. -8,

Vol. XIV 1907, J. P. Anderson, “Iowa Erysiphaceae,” pp. 15-46. Robert E..
Buchanan, “Notes on the Algae of Iowa,” pp. 47-84. L. H. Pammel and Estelle D.
Fogel, “A Catalogue of the Poisonous Plants of Iowa,” pp. 147-172.

Vol. XVII, 1910. B. Shimek, “Prairie Openings in the Forest,” pp. 16-19. L. H.
Pammel, “The Problem of Weeds in the West,” pp. 34-46. A. G. Ruthven, “Contribu-
tions to the Herpetology of Iowa,” pp. 198-210. T. Van Hyning and Frank C. Pel-
lett, “Annotated Catalogue of the Recent Mammals of Iowa,” pp. 211-218.

Vol. XVIII, 1911. M. P. Somes “Notes on Some Iowa Reptiles,” pp. 149-159.

Vol. XIX, 1912. 7T, H. Macbride, “Twenty-five Years of Botany in Iowa,” pp.
43-63. Harriette S. Kelloge, “Native Dye-plants and Tan-plants of Iowa, with notes
on 2 few other species,”” pp. 113-128. A, G. Ruthven, “Contribution to the Herpetology
of Iowa,” p. 207, S. B. Fracker, “A Systematic Outline of the Ruduviidae of North
America,” pp. 217-247.

Vol. XX, 1913. Frank C. Pellett, “Food Habits of the Skunk,” pp. 307-309.

Vol. XX1I, 1914. D. H. Boot, “Comparison of Field and Forest Flora in Monona
County, Iowa, pp. 53-58.

Vol. XXII, 1915. L. H. Pammel, G. B. McDonald and H. B. Clark, “The Native
and Cultivated Forest Trees and Shrubs of the Missouri River Basin,” pp. 23-56.

. Vol. XXIII, 1916. E, L. Palmer, “A Seed Key to Some Common Weeds and
Plants,” pp. 335-394.

Vol. XXIV, 1917. Lloyd Wells, “Odonata. of Iowa,” pp. 327-333. Dayton Stoner,
‘‘Notes on Some Iowa Rodents,” pp. 353-356. ’

Of the Iowa Geological Survey there is one report of special interest to this part
%thigsstate: B. Shimek, "“Geology of Harrison and Monona Counties,” Vol XX, pp.

L. H. Pammel and others, “Grasses of Iowa,” Bull. No. 1, 1901; and Part 2,
1903. L. H. Pammel and others, ‘“The Weed Flora of Iowa.,” Bull. No, 4, 1913. Day-
ton Stoner, “The Rodents of Iowa,” Bull. No. 5, 1915. B. H. Balley, “Raptorial Birds
of Iowa,” Bull. No. 6, 1918,

The Interesting and valuable writings of Frank C. Pellett of Atlantic assume a
new attraction to the people of Cass County since Mr. Pellett is a resident of Cass
County. “Our Back Door Neighbors” deserves speclal mention.
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Ambrosia artemisizefolia Linn.
Amorpha fruticosa Linu,

Ampelopsis quinquefolia Michx.

Anemonella thalictroldes Spach.
Aquilegla canadensis Linn.

Anemone virginiana Linn.
Arisema triphyllum Torr.

Asarum canadense Linn.

Ascleplias purpurascens Linn,
Asclepias syriaca Linn.

Aster sagittifolius Willd.
Salieifolius Alt.

Astragalus caryocarpus Ker.
Baptisia tinctoria R. Br.
Belamecantha chinensis Adans.
Brassica

Capsella bursa-pastaris Moench.
Cassia chamaecrista Linn.

Castilleia coccinea Spreng.

Caulophyllum thalictroides Michx.

Celastrus scandens Linn.

Celtis occidentalis Linn.
Cephalanthus occidentalis Linn.
Claytonia virginica Linn.

Clematis virginiana Linn.
Clemetis viorna Linn,

Cnicus lanceolatus Hoffm.
Convolvulus arvensis Linn.
Cornus stolonifera Michx.
Corydalis

Corylus americana Walt.
Crataegus coccinea Linn.
Datura stramonium Linn.
Delphinium tricorne Michx.
Dentaria laciniata Muhl.
Dicentra cucullaria DC.

Echinospermum virginicum Lehm.Beggar’s Lice.

Erythronium americanum Ker,

Ragweed.

False Indigo. Occasional, vsually in moist
places, occasional on higher ground.

Woodbine; Virginia Creeper. Extremely
common climber.

Rue Anemone,

Wild Columbine.
ing.

Anemone. Disappearing.

Indian Turnip; Jack in the Pulpit.
in woods.

Wild Ginger.
woods.

Common.

Commoon.

Aster. Common.

Willow Aster. Common.

Milk Vetch., Common on roadsides.

‘Wild Indigo.

Blackberry Lily. Occasional; escaped.

Two or three species.

Sheéphérd’s purse. Common.

Partridge Pea. Common along sandy road-
sides,
Painted Cup.
Blue Codhosh.
Bittersweet.
woods.

Hackberry. Common in high ground .

Buttonbush. OQccasional on wet land.

Spring Beauty. Common spring flower in
open woods. .

Virgin’s Bower. Common.

Leather Flower; Small Flowered Clematis.
Common.

Bull Thistle.

Bindweed.

Red Osier Dogwood.

Corydalis.

Hazelnut. Common in woodland borders.

Scarlet Haw. Common in woodland borders.

Jimson Weed. Common.

Larkspur. Disappearing.

Toothwort. Occasional in woods.

Dutchman’s Breeches. Once very common
in woods. -

Once common; disappear-

Common

Extremely common in moist

Common in woods.
Common climbing vine in

Common.

Common in woods. )
Adder’s Tongue. Once extremely common
in woods.
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Eupatorium perfoliatum Linn.
Euphorbia cyparissias Linn.
Feniculum

Pragaria virginiana Duchesne.
Geranium maculdtum Linn.

Hicori'a ovata Britt.
Hicoria glabra Britt.
Humulus lupulus Linn.

Hypoxis erecta Linn.

Hydrophyllum virginicum Linn.

Impatiens pallida Nutt.
Ipomoea hederacea Jacq.
Juglans nigra Linn.

Ldctuca canadensis Linn,
Lepidium R
Lillium philadelphicum Linn.

Lithospermum hirtum Lehm.
Lonicera

Malva

Menispermum canadense Linn.
Melilotus alba Lam.

Mirabilis

Monarda fistulosa Linn.

Morus rubra Linn.
Negundo aceroides Moench.
Nepeta cataria Linn.
Oxalis violacea Linn.
Oxalis stricta Sav.
Panicum capillare Linn.
Pastinaca sativa Linn,
Phlox maculatum Linn.

Phlox pilosa Linn'.

Phlox glaberima Linn.
Plantago major Linn.

Poa pratensis Linn.
Podophylym peltatum Linn.

Polygonum

Polygonatum biflorum EIL

P

Boneset. Common.
Graveyard Moss.

Wild Strawberry. Common.

Wild Geranium; Cranesbill.
.open woods.

Shell Bark Hickory. Common in some
places, entirely absent in other woods
but a few miles distant.

Pignut Hickory. Common.

Hop. Common along fences along roadsides
and gardens.

Star Grass.

‘Waterleaf. Common in open woods.

Touch-me-not. Common in moist woods.

Morning-glory.

Black Walnut.
tive trees.

Wild Lettuce.

Peppergrass.

Wood Lily. Occasional in open woods, but
disappearing.

Hairy Puccoon.

Honeysuckle.

Mallow.

Moonseed. Common climbing vine.

Sweet Clover.

Four-o’clock.

Wild Bergamot.
and pastures.

Red Mulberry. Occasional in native woods.

Occasional in

One of the most common na-

Common along roadsides

Box Elder. Common,

Catmint.

Woodsorrel. Common.

Woodsorrel. Common.

Tumble Grass.

Parsnip.

Sweet William. Very common woodland
flower. ’

Downy Phlox.

Plantain.

Blue Grass.

May Apple.
ing.

Knotweed. Numerous species of smartweed,
heartsease, lady’s thumb, ete.

Solomon’s Seal. . Very common
. woods. Disappearing. .

Formerly common; disappear-

in open
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Populus deltoides Marsh.
Potentilla canadensis Linn.
Prunus americana Marsh.

Prunus virginiana Linn.
Prunus serotina Ehrh.
Quercus rubra Linn.
Quercus macrocarpa Michx.

Ranunculus abortivus Linn.
Ranunculus fascicularis Muhl.
Rhus glabra Linn.

Rhus toxicodendron Linn.
Ribes

Robinia pseudacacia Linn.
Rosa setigera Michx.

Rubus occidentalis Linn.
Rudbeckia hirta Linn.
Rumex

Sagittaria variabilis Engelm.
Salix

Sambucus canadensis Linn,
Sanguinaria canadensis Linn.
Sanicula marilandica Linn.

Scrophularia marylandica Gray.

Silene stellata Ait.

Silphium perfoliatum Linn.
Silphium laciniatum Linn.
Smilacina racemosa Desf,

Smilax ecirrhata Watson.
Smilax rotundifolia Linn.
Solidago

Staphylea trifolia Linn.
Stellaria media Smith.
Symphoricarpus vulgare Michx.
Taraxacum officinale Weber.
Teucrium canadense Linn.

Thalictrium R

Tilia americana Linn.
Tradescantia virginica Linn,
Trifolium pratense Linn.
Trifolium repens Linn.
Trifolium agrarium Linn.
Trillium nivale Riddell.

Triosteum perfoliatum Linn.

Cottonwood. Common along streams.

Five-finger. Common.

Wild Plum. Common in thickets along
streams.

Choke Cherry. Common.

Wild Black Cherry. Common.

Red Oak. A common native tree.

Bur Oak. Common. Only two oaks are com-
mon in Pymosa township.

Buttercup.

Buttercup.

Smooth Sumac. Common.

Poison'Ivy. Common.

‘Wild Gooseberry.

Black Locust. Common.

‘Wild Rose.

Black Raspberry. Common in open woods.

Blackeyed Susan. Common.

Sorrel.

Arrowhead. Common in marshy ground.

Willow. Common. Several species.

Common Elder.

Bloodroot.

Black Snakeroot. ;

Figwort; Simpson Honey Plant. Common.

Starry Campion. Disappearing from wood-

land.
Cup Plant. Common.
Compass Plant. Common.
False Solomon’s Seal. Common in open
woods.
Smilax. Native.
Greenbriar. Common in woods.
Golden-rod. Several species. Common.
Bladder Nut, Formerly common.
Chickweed.

Coral Berry; Indian Currant. Common.

Dandelion. '

Wood Sage; Germander.
woods.

Meadow Rue.

Basswood; Linden. Common tree. -

Spiderwort. Common on moist ground.

Red Clover. . D

‘White Clover.

Yellow Clover.

Dwarf White Trillium; Wake Robin. Get-
ting rare.

Horse Gentian. Common in woodsv

Common in open
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Typha latifolia Linn. Cat-tail Flag.

Ulmus americana Linn. ‘White Elm. Very common.
Ulmus fulva Michx. Slippery Elm. Common.
Verbascum thapsus Linn. Mullein.

Verbena urticefolia Linn. ‘White Vervain. Common.
Verbena stricta Vent. Hoary Vervain. Common.
Vernonia Ironweed.

Vibernum prunifolium Linn. Black Haw. Disappearing.
Viola canadensis Linn. Blue Violet. Common.
Viola pedata Linn. Birdfoot Violet.

Viola pubescens Ait. Yellow Violet. Common in woods.
Vitis cordifolia Michx. Frost Grape.

Xanthoxylum americanum Mill. Prickly ‘Ash. Common shrub.

SOME OF THE BIRDS OF CASS COUNTY, IOWA.

For this list of birds I am indebted to Miss Besse S. Tilton,
teacher of science at the Atlantic High School, 1913 to 1917, and
to Mr. Frank C. Pellett™ of Atlantic.

No.

201 Butorides virescens virescens (Linn). Little Green Heron.
289 Colinus virginianus virginianus (Linn.). Bob-white.
316 Zenaidura macroura carolinensis (Linn.). Mourning Dove.
331 <Circus hudsonius (Linn.). Marsh Hawk.
337 Buteo borealis borealis (Gmel.). Red-tailed Hawk.
339 Buteo lineatus lineatus (Gmel.). Red-shouldered Hawk.
360 Falco sparverius sparverius (Linn.). Sparrow Hawk.
373 Otus asio asio' (Linn.). Screech Owl.
387 Coccyzus americanus americanus (Linn.). Yellow-billed Cuckoo.
388 Coccyzus erythrophthalmus (Wils.). Black-billed ‘Cuckoo.
390 <Leryle aleyon (Linn.). Kingfisher.
394c Dryobates pubescens medianus (Swains). Downy Woodpecker.
406 Melanerpes erythrocephalus (Linn.). Red-headed Woodpecker.
412 Colaptes auratus auratus (Linn.). Flicker.
417 Antrostomus vociferus vociferus (Wils.). thip-poor—will. Formerly com-
mon, NOw rare. .
423 Chaetura pelagica (Linn.). Chimney Swift.
428 Archilochus colubris (Linn.). Ruby-throated Hummingbird,
444 Tyrannus tyrannus (Linn.). Kingbird.
456 Sayornis phoebe (Lath.). Phoebe. (Very rare, formerly abundant).
461 Myiochanes virens (Linn.). Wood Pewee.
477 Cyanocitta cristata cristata (Linn.). Blue Jay.
488 Corvus brachyrhynchos brachyrhynchos (Brahm). Crow.
495 Molothrus ater ater (Bodd.). Cowbird.
498 Agelaius phoeniceus phoeniceus (Linn.). Red-winged Blackbird.
501 Sturnella magna magna (Linn.). Meadowlark.
506 Icterus spurius (Linn.). Orchard Oriole.
507 Icterus galbula “(Linn.). Baltimore Oriole.
511b Quiscalus quiscula aeneus (Ridgw.). Bronzed Grackle.
Passer domesticus domesticus (Linn.). English Sparrow.
529  Astragalinus tristis tristis (Linn.). Goldfinch.
552 Chondestes grammacus grammacus (Say). Lark Sparrow.

My attention has recently been called to the list published by Mr, Pellett in Bird
Lore, Vol. 15, No. 5 (1913), pp. 305-307.
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[}
560 Spizella passerina passerina (Bech.). Chipping Sparrow.
563 Spizella pusilla pusilla (Wils.). Field Sparrow.
667 Junco hyemalis hyemalis (Linn.). Slate-colored Junco.
581 Moelospiza melodia melodia (Wils.). :Song Sparrow.
587 Pipilo erythrophthalmus erythrophthalmus (Linn.). Tohee.
593 Cardinalis cardinalis cardinalis (Linn.). Cardinal.
595 Zamelodia ludeviciana (Linn.). Rose-breasted Grosbeak.
598 Passerina cyanea (Linn.). Indigo Bunting.
604 Spiza americana (Gmel.). Dickecissel.
608 Piranga erythromelas (Vieill.). Scarlet Tanager.
611 Progne subis subis (Linn.). Purple Martin.
613 Hirundo erythrogaster (Bodd.). Barn Swallow.
616 Riparia riparia (Linn.). Bank Swallow.
622 Lanius ludovicianus ludovicianus (Linn.). Loggerhead Shrike.
631 Vireo griseus griseus (Bodd.). White-eyed Vireo.
652 Dendroica aestiva aestiva (Gmel.). Yellow Warbler.
681 Geothlypsis trichas trichas (Linn.). Maryland Yellow-throat.
687 Setophaga rusticilla (Linn.). Redstart. ’
704 Dumetella carolinensis (Linn.). <Catbird.
705 Toxostoma rufrum (Linn.). Brown Thrasher.
721 Troglodytes aedon aedon (Vieill.). House Wren.
727 Sitta carolinensis carolinensis (Lath.). White-breasted Nuthatich.
735 Penthestes atricapillus atricapillus (Lirn.). Chickadee.
755 Hylocichla mustelina (Gmel.). Wood Thrush.
761 Planesticus migratorius migratorius (Linn). Robin.
766 Sialia sialis sialis (Linn.). Bluebird.

Water for Farm Use

Along the river valleys sand points placed at a depth of forty
feet reach an abundance of water in the sands beneath the river
beds. Apparently this water is free from ammonia, but it
should be given a sanitary analysis to prove that it is suitable
for domestic use. The only analyses available are those of the
Central Towa Poultry and Eggs Company of Atlantic, whose
wells apparently penetrate this sand. The analyses of this
water prove that at this point it is of a most excellent quality.
The analyses are as follows, obtained through the courtesy of
Mr, P. A. Casey, the Manager, and of the ‘‘Bureau of Animal
Husbandry,”” Washington, under whose direction the analyses
were made.

SAMPLE COLLECTED MAY 2, 1916.

CHEMICAL EXAMINATION PARTS PER COLONIES PEK

. MILLION CC. ON AGAR.
Total Solids ......ccvviniiierenn.n. 794

Chlorine ........coviiiireiinnann.. 52

Nitrogen as albumenoid ammonia... trace

Nitrogen as free ammonia .......... none b
Nitrogen as nitrites................. trace

Nitrogen as nitrates................ 26.0

BACTERIOLOGICAT; EXAMINATION
Colon not present in 10 cc¢. portions.



WELLS SHOWING GAS ; 255

SAMPLE COLLECTED MAY 18, 1916.

CHEMICAL EXAMINATION PARTS PER COLONIES PER

MTLLION CC. ON AGAR.
Total Solids ..............cvviun.. 820
Chlorine ..........coviiiiinennnnns 52
Nitrogen as albumenoid ammonia... none
Nitrogen as free ammonia .......... 0.10 16
Nitrogen as nitrites................. trace
Nitrogen as nitrates................ 22.0

ZACTERIOLOGICAL EXAMINATION
Colon not present in 10 cc. portions.

In the western part of the county wells on the upland and
hillsides which pass through the loess into the Kansan drift
reach water that is excellent in quality and is sufficient in
abundance for all times except those of drought. Commonly,
however, wells in the upland are drilled down into the Dakota
sandstone, where there is always an abundance of water, gen-
erally of an excellent quality, at a depth of 117 to 170 feet be-
neath the upland. In the next two ranges of townships to the
ecast there are in the upland many wells that penetrate the
Dakota sandstone and loose sand that is described as quick-
sand. In the east range of townships there are also wells
averaging 189 feet in Grant and 248 feet in Lincoln- town-
ship; but in Massena and Victoria townships the inhabitants
do not at present choose to go beneath the Kansan drift, which
is here very thick. In Victoria township the eleven wells of
which records were obtained have an average depth of 47 feet,
~ the deepest being 109 feet deep and the shallowest 32 feet. The
water in all of these wells is of excellent quality, when the top
of the well is properly cared for; and the quantity is said to be
ample in the case of those wells situated along the sides of
shallow ravines.

There are four areas in which deep wells have supplied car-
bon dioxide gas or other evidence that the source was in an
abundance of decaying vegetation. In section 5 of Grant town-
ship (northeast quarter of the mortheast quarter) a well 105
feet deep penetrates a deposit that contains wood. Carbon
dioxide gas bubbles out in quantity sufficient to extinguish a
lamp. The water is soft and at times seems oily. In section
24, Franklin township (southwest quarter of the northwest
quarter), a well 184 feet deep, penetrating nine feet of sand-
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stone, gave a strong flow of gas from the sandstone. The nine
feet of water obtained is described as hard and as containing
iron. In section 25 (southeast quarter of the southwest quar-
ter) a well of about the same depth gave a constant flow of car-
bon dioxide gas. Across the road south (section 36, northeast
quarter of the northwest quarter) a well 178 feet deep which :
goes through the drift also gives a flow of this same gas. A
severe stomach trouble associated with the drinking of water
from two of the above wells seems due to the presence of
ammonia in abundance from decaying vegetation. While
strong men may be able to stand the irritating effect of water
charged with ammonia, such wells yielding gas should be con-
demned as unsafe for drinking purposes for human beings
although mot for cattle, until on sanitary analysis they are found
to be free from ammonia.

There is little to be gained from a tabulated list of records of
wells that stop in the Kansan gumbotil or in the Kansan drift.
Such wells, thirty feet or so in depth, are to be found every-
where in the upland. Records of deeper wells that reach
through the drift have already been given. A few other wells
that are especially deep will be described under deep wells and
test borings. '

DEEP WELLS AND TEST BORINGS.

At Atlantic a prospect hole was drilled in 1888 by the Rust
Artesian Well Company of Ithaca, New York, for the Atlantic
Coal and Mining Company. The prospect hole is 1,310 feet
deep, reaching from 1,150 feet above sea level to 160 feet below
sea level. Tt is located just east of the pumping station and
electric light plant, and a few rods north of the railroad track,
in section 5 of Grove township (northeast quarter of the south-
east quarter). The record of the well, published on pages 1121-
1122 of volume XXI, Towa Geological Survey, by H. E. Simpson
and.'W. H. Norton, is here reproduced in full.
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RECORD OF STRATA IN DEEP WELL AT ATLANTIC, IOWA

THICKNESS DEPTH
FEET FEET

Pleistocene (no sample) ...........ceviiiiriinnennnnnnenaia, 1252 1257
Carboniferous:
Pennsylvanian (725 feet thick; top, 1,025 feet above sea level.)

Shale, blue ........... S 35 160
Shale, gravelly ....... ..ottt e 1] 195
Shale, red and blue, gravelly ........ccviviiiinrriennns 5 200
Limestone, gray, sandy................. e e 15 215
Shale, red and blue, with soapstone ...................... 5 220
Shale, gravelly ........iuirieimeir it eneereeananrnnann 5 225

Shale, purple, dark drab and green, fine, unctuous; with
pebbles (five limestone, one vitreous sandstone and one

[ 1 T O 35 260
Shale, gravelly .........itiiiiiiii ittt ernnan.n 50 310
Clay, mottled red -and blue..................... e 30 340
Shale, DlUue ...... .ottt ittt e 15 355
Shale, red and blue, with gravel.............. .......... 5 360
Shale, blue, with slate............. .. .. 5 365
Sandstone and shale...........cciiiiiiiiiniieinennnnnennn 50 415
Slate, black; soapstone, blue and green...............cu... b 420
Shale, va,ncolored green and reddish; fissile, practically

NONCAICATEOUS .+ttt tniunrnvnnrerneenenroneeannananrans 10 430
Sandstone ...l i i e P 5 435
Shale ... e 15 450
Shale and limestone .............iiriiiireiniernenrnnennns 15 465
Shale, varicolored, green and reddish; fissile, practically

NONCAICATEOUS v vt v vr v vt nennrrnosneroneinsssntanssossn
Clay and S0apStone .......c.oviieneerenennnnneneennnnnnnss 15 480
SanAStOmE ... e e e et 25 505
Shale, blue ......o.iii i e i e i e e e, 12 517
Shale, dark gray, very finely laminated, somewhat calcareous 3 540
Sandstone, or sandy limestone.................coovvuninnn.. 10 550
Shale, dark Bray ......vciiiiiiier it iesinenarerannnn 15 566
Shale, dark brown-gray, noncalcareous, arenaceous, pyriti-

ferous ........... e e e e 20 585
Sandstone, brown, highly ferruginous................ e 5 590
SandStone .........iiiii i e -10 600
Shale, SANAY ... ii it e e e . 30 630
Sandstone, very fine............cii ittt 30 660
Shale and slate........ccuviiiiniine e ienernanensens 15 675
Shale, iron gray, finely laminated, noncalcareous.......... 10 685
Sandstone, white, very fine........... . .. .o i, 10 695
Clay, blue, with gravel............. .. o i, 15 710
Shale, SANAY .....iiiiii i i i it e e e 15 725
Sandstone ........ . i ety e 5 730
Shale, finely arenaceous, ocherous, some black.............. 10 740
Shale, black, carbonaceous ................o.... e 10 750
Shale, blue, and slate..........ccviiiiiniiie i, 10 760
Shale, yellow, gravelly...... ... ittt 40 800
Sandstone, gray, of finest grain, with much black shale; .

samples at 810 and 815........ ... ittt i 25 825
Limestone, Sandy ..........iiit ittt 5 830
Sandstone, DrOWI .....vivirnertiere ettt ea i eiaeenanns 5 835
Sandstone, Bray .........oiviiiiieriie it 15 850

M1ss1551pp1an (420 feet thick; top, 300 feet above sea level)—
Limestone, white, nonmagnesian whlte chert constitutes the
bulk o0f the sample........civiiiiiniiii i 35 885

17
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THICKNESS DEPTH

FEET FEET -

Limestone, blue-gray, argillaceous; quartzose residue, with

large fragments of dark shale; probably from above.... 75 960
Limestone, yellow-gray; sample chiefly dark brown flint

with some chalcedonic silica; a very little quartz sand. 5 965
Flint, brown-gray, calcareous; some cha.lcedomc silica; much

shale In fragments .......... ... i i 10 975
Flint, gray and black chalcedony; drusy quartz; 'some shale 5 980
Flint, brown, calcareous; some chalcedony; a little shale.... 5 985

Flint and chalcedony; 5 samples; drillings largely milk-white

translucent chalcedony, with brown calcareous flint and

some limestone. ......... ... i 45 1,030
Limestone, nearly white; much white chert; 2 samples.... 15 1,045
Chalcedony and flint; drillings ‘remaining after original

washing made up of chalcedonic silica and blue-gray and

yellow siliceous fragments which effervesce with cold

dilute hydrochloric acid, but do not disaggregate; pure

limestone practically absent ................ ... iint, 30 1,075
Shale and flint; shale blue-gray, somewhat calcareous...... 5 1,080
Limestone, soft, light yellow-gray; with silica as above, and

some fragments of shale; 4 samples................ovt 40 1,120
Limestone, brown; much white chert.................. ... 5 1,125
Limestone, lighter colored; drillings chiefly chert; only

finest sand is limestone and even this is siliceous...... b 1,130
Limestone, light yellow, nearly pure; considerable shale in

small fragments ...........otiiriitinianninnennrennnns 5 1,135
Limestone, as above; much chalcedony and chert.......... 5 1,140
Limestone, white, chalky, and light yellow................ 5 1,145

Chert; drillings of chert - and chalcedony; at 1,145 feet a few

rounded grains of crystalline quartz and particles of fine-

grained sandstone; 4 samples, all of which in mass effer-

vesce freely in acid........ ... .ottt 25 1,170
Flint, black, yellow and red flint and jasper, with sand of

rounded grains of quartz; fragments of limestone, chert

and chalcedony .........ciiiiiirirrinenenenanan 10 1,180
Limestone, blue-gray, cherty, and argillaceous.............. 10 1,190
Chert, white and brown; some shale in sample............. 10 1,200
Limestone, cherty, gray in mass.......................... 25 1,225
Limestone; siliceous material constitutes one-tenth of sample

by weight ... e 20 1,245
Chert and shale, buff; chert effervescent; shale pmk in fine

grains, but slightly calcareous ........................ 10 1,255
Limestone, highly arenaceous and siliceous; chert and chal- .

cedony; two-fifths of sample by weight insoluble...... 5 1,260

Sandstone, highly calciferous; limestonée arenaceous; quartz
in minute angular particles; white and yellow-gray;

BT 5 'Y o) U= 10 1,270
Devonian ? (40 feet penetrated; top, 120 feet below sea-level)—

Shale, fine, light gray, calcareous .........veverrernenrnenan 15 1,285

Limestone, cream-yellow, rather hard; in angular sand.... 25 1,310

There are six other wells in the county or close to it that
reach a depth of three hundred feet or more. The meagre in-
formation now obtainable concerning them is as follows:
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LOCATION

LOG IN FEET REMARKS

T. 76 N., R. 26 W., Sw.
1 of the Sw. qr. of section
9, Grove township.

600 feet deep............. Drilled in 1902 by Park
Meridith, Atlantic.

T. 76 N.,, R. 26 W., Se.
1, of the Se. qr. of sec-
tion 36, Franklin township.
Mr, Spees; on low upland.

370 feet deep............. Drill hole was for coal.
Gravel is reported at 70
ft.,, Coal is reported at
193 ft., in 1 in., 30 in.
and 40 in. seams (prob-
ably old soil horizons).

A few rods west of T. 75
N, R. 37 W, Sw. 3% of the
Sw. qr. of gection 7. €. H.
Rossell in Pottawattamie
county. On upland.

520 feet deep. Water rose 190 ft.; has to
At 200 ft. struck top of| be pumped 340 ft. It is
limestone. good for washing and
At 400 ft. struck bottom of| cooking.
limestone.

At 530 ft. got water; of
salty taste.

T. 75 N, R, 37 W., Se.
14 of the Se. qr. of section
10, Cass township. Old
city well at Lewis.

70 ft. Soil; eclay andlOld city well, drilled in
pebbles; sand,| 1900 by Wm. Britton,

white. Cedar Rapids, Ta. Struck
31, ft. Sandstone, hard,| water at 83 ft., and none
dark brown. below that; well not now
18814 ft. Limestone, shale,| in use.
ete. Struck 4 in. of coal at 410
_— ft.

562 ft. In black shale.

T. 75 N.,, R. 34 W., Sw.
14 of the Nw. qr. of sec-
tion 27, Massena township.
On upland.

306 ft. deep: mostly blue
clay, a little sand-
stone, no heavy
limestone, some
coal.

T. 74 N, R. 34 W., Se.
1; of the Se. qr. of section
5, Victoria township. On
upland.

385 ft. deep. (At this
depth found thin
coal under sand-
stone).

Water for Municipal Use

Atlantie, Anita, Cumberland, Griswold, Lewis and Marne
have municipal water systems each owned by the city and man-
aged by the city council through a waterworks committee. At
Wiota and Massena the inhabitants are dependent on wells and

cisterns.
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To reach the deep waterbearing strata penetrated at Stuart,
Towa, the deep well at Atlantic must be sunk 1,746 feet deeper -
than its present depth; but when that increased depth is reached
the water to be obtained here is so saline that it is not acceptable,
The present solution of the problem for a municipal water sup-
ply at Atlantic is much more satisfactory. The same fact holds
with reference to deep wells at each of the towns in the county.
The water from river sand properly guarded is better than the
saline water found in such deep wells in this part of Towa.

ATLANTIC™
Population 5,039

The wells which supply the city of Atlantic are located in the
northern part of the city, on the terrace that borders the south
side of Troublesome creek. There are forty six-inch wells in
‘all, some of which are fifty-five féet deep and some ‘ninety-two
feet deep. The first twenty to twenty-five feet is said to be of
‘“filled in material,”” thenr comes five feet of blue clay and five
or six feet of sand and gravel. Beneath this is a sandstone, and
shale, regarding which there is no complete record. From these
wells the water is pumped through the city mains under a pres-
sure of 85 to 90 pounds per square inch. The railroad uses
150,000 gallons per day, at a cost of three cents per thousand,
and the city 600,000 gallons per day, on which the charge is
thirty cents per thousand for the first five thousand, and ten
cents per thousand for the next five thousand. In the city there
are at the present time one hundred and twenty-five hydrants
and twelve hundred users. A five mill tax for water and a five
mill tax for light are expected to liquidate the indebtedness in
ten years.

In the following table a series of analyses of the city water
Is given, together with a standard analysis and an analysis of
water from the creek near at hand for comparison. These give
the changes in the tests while the plant was, beihg perfected.
At times of flood, water from the creek formerly contaminated
the wells, but the difficulty is now overcome.

Data furnished by T. E. Nichols, City Clerk,
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ANALYSES OF CITY WATER, ATLANTIC, IOWA.
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Significance of Water Analyses—In water analyses the free
ammonia represents organic material that has already decayed;
the albumenoid ammonia represents organic matter that has not
yet decayed. The nitrites are formed during incomplete decay,
and the nitrates are formed in the findl step of decay. Conse-
quently a perfectly pure water would give no traces whatever
of ammonia, nitrites and nitrates. An excess, especially of
ammonia, is an irritant to the digestive tract which may not
affect a person in good health but prove harmful to a person
who is not strong. Such water may also contain food for dis-
case germs amid which they will multiply. There is a small
amount of chlorine in even the best of well water, the amount
varying for different localities. Ixcess of chlorine is an indi-
cation of contamination from the surface. In the case of wells
for domestic purposes surface contamination is indicated also
by minute living organisms than can be seen swimming and

crawling about in water pumped from the well, which some

"Analysis made by C. N. Kinney, Des Moines.
wAnalysis made by State Board of Health, Towa City.

£x - - | §2
T 54 Nel ~2 - © -+ ® ~2 P~ o~
l:; 3 24 — al pg O\' ~ ot - h=1 L—q © =
Parts Per Million ’g'gé §l; &)‘g 55 %g >-§ b;,é O oo
& 0. ==t 3 — z,— O — 5 %"i o
AS< || < Z < |8c|E¢
< S (48
Free Ammonia _____.__._ 0250 | 085 .6500| .059% .0850 0950 | 025 | 060 .080
Nitrogen in Nitrites._____ .00010| .008 * 000101 00015  .00005| .003 | .006| .002
Albumenoid Ammonia_._.| .1750 | 075 .0025 .0165 0075 0450 | 010 | 010 .004
Nitrogen in Nitrates____. T500 (3. 1.2000| 1.25 1.55 2.0000 3.0 40 4.5
Chlorine _______ mmmmemeo 3.50 |4 3.15 8.00 815 950 |90 [10. |9,
Phosphates _..o._._____ 17 (| .75 15 T T S R, I
Residue on evaporation__|[350. - ——|333. 251. 231 264. R =l
Volatile solids - ____ |- ____ -] 91 151, 97 105. S I
Fixed solids oo _|-aco - —— —-|242. 100. 134 159. S R
Iron, ferrous ... _____ 250 oo oo|-498 | e |l e e 30 (25
Hardness —oooooooeeo____ 150. PO RN VSV PRV [ JER (. PR
Quality |- ——- S § f S R
Bacteria per c.c. at 37° C., on litmus lactose agar.......... 5 26
Bacteria per c.c. at 20° C., on nutrient agar................. 300 35
Colon Bacilli, acid colonies per 1 C.C....'ivevercnnnnnnnn.nn. 0 2
L 0 O
*None,
iHigh. )
tNot very satisfactory.
§Sewage indications, 1
- Poor.
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people seek to exclude by straining the water, instead of care-
fully cleaning the well out, making the planking tight, and
grading around the well so that water flows away from the
well and does not stand in pools.

In the case of the city wells at Atlantic there has been an en-
deavor to exclude surface water by cementing carefully the
openings from the pits into the wells and to keep as far as pos-
sible all surface and ereek water out of the pits in time of flood.
The last two analyses, those of January 10, 1917, were made
after the final cementing of the pits. A comparison of them
Indicates that flushing of the pipes had not been completed. A
statement of the last bacterial analyses is included in the above

“table. To attain the elimination of bacteria it is in some places
customary to inject into the water a small amount of chlorine
gas, a precaution that is not taken at Atlantic. The last
analysis given indicates that Atlantic now has a municipal sup-
ply that may be considered satisfactory, though it will require
the continuance of the present care to keep the water unim-
paired. i '

ANITA®
Population 1,210

Anita gets its municipal water supply from eight bored wells
six inches in diameter, thirty-six feet deep, extending into the
sand and gravel beneath Turkey c¢reek in the southwest part of
ihe town. The water is pumped by a 25-horsepower St. Mary
.{Ohio) gasoline and oil engine operating a Gardiner pump
{Quincy, Illinois) the capacity of which is rated at 250 gallons
per minute. It is pumping 6,000 gallons per day into two pres-
sure tanks (Curtis, St. Louis, Missouri) 34 feet in length,
nine feet in diameter, with rated capacity of 18,000 gallons each,
at 120 pounds pressure. Thirty-five dollars per month cover
the entire cost of operating this plant. There are twenty
hydrants and at present seventy-one users. There is a mini-
mum rate of two dollars per year, which allows the use of 4,000
gallons at fifty cents per thousand gallons, beyond which the
price is forty-five cents per thousand gallons up to 6,000 gal-
lons, and forty cents per thousand gallons from 6,000 to 10,000

sData furnished by J. C. Jenkins, City Clerk.
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gallons, above which there are special rates. There is a five
mill tax for running expenses, and a sinking fund of three mills
for interest on the $19,000 bonds.

At the wells there are twenty feet of black washed soil, ten
feet of gray sand and yellow clay, and five feet of sand and

- gravel. Apparently this bed of sand is not a lens of small ex-
tent if we may judge by the abundance of water that it carries.
The water-bearing sand and gravel appear to be post-Kansan.
Immedintely beneath the five feet of sand and gravel is blue
Nebraskan clay which extends to a depth of 100 feet, at which
depth there was encountered a layer of preglacial sand that
contained water saturated with iron. Consequently the boring
was closed and the supply was taken from the sand and gravel
at thirty feet. No analysis of the water is available.

At the old city well in the northeastern part of town at a depth
of 180 feet there was reached a water-bearing bed of sand at the
base of the blue clay. The pumping of water from this well
has been discontinued.

CUMBERLAND®
Population 574

Cumberland gets its water from a six-inch well near the busi-
ness portion of the town, drilled to a depth of 163 feet. To
obtain the 10,000 gallons of water needed per day a Rawleigh-
Schryer ten-horsepower gas-oil engine is used to run a Gould’s
pump, diameter 334 inches, 16-inch stroke, speed 275 revolu-
tions per minute. The water is pumped into a steel tank placed
on a tower sixty feet high on ground which is sixty feet above
the main street.

A windmill with twelve-foot wheel has been placed over a well
214 feet deep close by the stand pipe with a view to obtaining
as much water as possible by windpower. This pump has a -
cylinder three inches in diameter and an eight-inch stroke.
There are thirteen street hydrants on a six-inch main. The
cost of running is such that the ninety users will yield a profit

8iata, furnished by W. R. Noland, Superintendent of Water System. -
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of seventy cents per thousand, without allowance for hydrants.
To obtain the plant complete the town has been bonded for
$12,500.

The log reported for the well is as follows:

FEET.
80 Clay, dark yellow with some layers of sand.
40 Clay, blue and yellow, in alternate layers.
1% Rock, hard, reddish brown.
1% Muck, hard, reddish brown,
40 Sand, with water.

163

The water is soft enough to be used without breaking it;
pnmping at the rate of three gallons per minute does not lower
it in the well. The water is judged to comeé from preglacial
deposits. _

The following is a copy of an analysis by Professor C. N.
Kinney, reported December 5, 1914.

PARTS PER MAXIMOM ALLOWED

MILLION. FOR DEEP WELLS.
Free ammonia®...........cveevnnenns .0350 .0250
Nitrogen in nitrites.................. 000156 .0001
Albumenoid Ammonia................ .001 1750
Nitrogen in nitrates................. 1000 L1600
Chlorides .......covvvriiiininnrnnnn.. 1.15 3.60
Phosphates ..............cccivinin.n 1.00 1.75
Residue on evaporation.............. 244, 350.
Volatile solids ..............ccovoun.. 122.
Fixed solids................covun. ...122,
) o Y Slight amount.
Quality ........c.iiiiiiiiiiii, Good.

GRISWOLD*®

Population 1,148

The municipal supply of Griswold is obtained from an eight-
inch cased well sunk to a depth of 140 feet from the level of the
terrace on which the town is situated. A twelve-horsépower
Hercules gas engine (Evansville, Ind.) operates a Deming
(Salem, Ohio) pump having an eight-inch cylinder and a twenty-
four inch stroke, twenty-four revolutions per minute, thus de-
iveririg 120 gallons per minute. The water is pumped into a
standpipe, capacity 58,000 gallons, from which 117 consumers
are supplied. The flat rate is $5,00 per year.for general domes-

823ee previous discussion of significance of water analyses.
Pata furnished by D. H. Scott, City Clerk.
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tic purposes and $2.50 per bath room. There is also a five mill
water tax. The entire receipts net $1,500 per year, with cost
of running but $500. Under such receipts and expenditures
‘he original cost of $13,000, was paid long ago, the city now
having a yearly income of $1000 from the plant,

The log of the well is as follows:

FEET.
50 Soil and clay.
10 .Sandstone.

80 Limestone.

140

Evidently the water comes from the Dakota sandstone. Un-
fortunately the water has not been analyzed. 1t is heavily
charged with iron.

LEWIS*
Population 652

The city well is located in the public square, 1,102 feet above
sea level and about 105 feet above the level of the water above
the dam. It is a well ten feet in diameter and sixty-four feet
deep, dug in 1913, and walled with concrete blocks locked to-
gether. _ .
A six-horsepower Fairbanks-Morse gasoline engine is used
to run a Deming pump, diameter four inches, stroke two feet, at
the rate of twenty revolutions per minute. The pump is kept
running a considerable portion of each day, forcing water into
the 40,000 gallon tank, which is 16 feet in diameter and 80 feet
Ligh. About 20,000 gallons are used per day. There are seven
hydrants and 143 consumers; water rate $.75 per thousand gal-
lons.

The log of the well is as follows:

FEET.
54 Soil and clay.
10 Sand, white, and pebbles “size of pears and walnuts.”

64

The well constantly has seven feet of water that cannot be
pumped out. The water apparently comes from preglacial
sand and gravel and also from Dakota sandstone and sand de-

#Data furnished by Mr. Fletcher,
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rived from it. From the record of Mr. J. C. Livingston given
helow it will be seen that the Dakota sandstone is immediately
beneath where the new well stops. The Dakota sandstone is
abundant in all directions.

Mr. J. C. Livingston reports the following log of the ‘“old”’
city well drilled about 1900 by Mr. William Britton of Cedar
Rapids, Towa. The well is not now in use.

FEET.
70 ‘Soil; clay, with pebbles; sand, white.
3% Sandstone, hard, dark brown.

49914 Limestone, shale, etc.

562 Stopped in black shale.

. Water was struck at a depth of 83 feef, and none below that.
Fourteen inches of coal was found at a depth of 410 feet.

MARNE®*

Population 297

The municipal supply of water at Marne is obtained from a
six-foot well dug thirty-five feet deep, on a small flat near the
railroad track, about 1,200 feet above sea level. A six-horse-
power combined pump and engine (The Thomas Company,
Beloit, Wisconsin) pumps the water through a four-inch main
1o a tank in the northern part of the town which is twenty feet
in diameter, sixteen feet high, with a capacity of 1,200 barrels
and rests on a base twenty feet above the ground. The thirty
users pay $7 per vear flat rate. There are seven hydrants. The
income from the water rates is $210 per year, to which is added
a five mill tax which yields $160, making the total income $370,
which just about pays the cost of operation. The plant cost as
foliows:

Tank and foundation .......................... $ 4560
PIPIDE oo i e i e 1,600
Engine ..ot e 350
House and well........ .. ... i, 500

$2,800

¥Data furnished by Andrew Lastime, City Clerk,
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The following analysis was made by Professor C. N. Kinney
of Des Moines, January 15, 1913:

PARTS PER MAXIMUM ALLOWED
MILLION, FOR DEEP WELLS.
Free ammonia® ..................... .0008 .0250
Nitrogen in nitrites................. trace .00010
Albumenoid ammonia ............... 0008 .750
Nitrogen in nitrates................. 12.0000 L7500
Chlorides ........coivriinrninennnnn 10. 3.10
Phosphates ............... ... ... .10 1.75
Residue on evaporation............. 969, 350.
Volatile solids ...................... 595,
Fixed solids .......cviiiiieeninnenn. 374.

Quality—Not a good water; past condition of water poor. Some alge and
silt were present, and a slight odor noticed.

One reason, and probably the only reason, why the water was
not a good water was evident in the former lack of care of the
top of the well. The difficulty has been remedied.

Springs

At Crystal Lake, a mile south of Lewis, the base of the Da-
kota sandstone is about fifteen feet above the bottom of the
ravine near at hand. From the base of the sandstone pipes
lying on the shale beneath carry streams of the purest water
into a bathing pool made by damming up a portion of the ravine.
The further addition of lunch counters, swings and various
accessories of a picnic ground have converted this shady retreat
beneath the sandstone cliff into a delightful pleasure resort.

Not so fortunate is that other old Indian spring at Spring
Creek a mile west of Lewis where the special beauty of sand-
stone eliffs is not so extensive as at Crystal Lake. At Spring
Creek the water from the sandstone seeps through a heavy
deposit of talus on the side of a ravine in a pasture.

Near Galion at a point three miles south of Lewis and four
and a half miles east, the cliff and the grove are as attractive
as at Crystal Lake, but the base of the sandstone is near the
level of the creek bed. With considerable labor it would be
possible to remove the mud and protect the spr1n0's at the base
of the sandstone.

Along the Nodaway river from the central part of Edna
fownship (section 15) to Massena there are numerous springs
¢iving the Nodaway a never-failing supply. Nearly all of this

s88See previous discussion of significance of water analysis.
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water comes from the Dakota sandstone, which is visible at
numerous places along the course of the stream; but near Mas-
sena it is possible that water from preglacial deposits mingles
with that from the Dakota sandstone. In several places along
the stream small ponds have been easily prepared to the delight
of ducks, swine and cattle. Half a mile east of Cumberland
water from a similar 'source forms pools in the river bed in dry
geasons. ‘

North of Cumberland the creek is abundantly supplied with
spring water for two miles upstream from the west center of
section 156. As wells in this portion of the township go to sand-
stone it is probable that a considerable portion of this water
comes from the sandstone. A portion of the water on the north
side of the river comes from the preglacial deposits, which
iocally are evident and two miles to the northeast furnish an
awbundance of carbon dioxide gas to the wells,

0il

No evidence of oil is reported at the prospect hole at Atlantic
which as stated on page 253 is 1,310 feet deep. Scum caught
back of sticks in the water of ravines was tested and found to
give no trace whatever of oil. The so-called oil reported on
the water from wells was not accompanied by any evidence that
‘t was due to other cause than decay in swampy deposits pene-
irated by the wells. The accompanying gas was carbon dioxide,
Two of these three wells (section 36, Franklin township and
section 5, Grant township) have already been mentioned with
reference to preglacial swamps. The other well reached the
Dakota sandstone in Pleasant township (northeast quarter of
the northeast quarter of section 20) at a depth of fifty to sixty
feet.

Coal
Theé fault plane which is traced northeast-southwest from sec-
tion 33, Edna township, to section 1, Victoria township, divides
(Cass county into two distinet but unequal parts.
North of the Fault Plane.—Nowhere north of the fault plane

does the Nodaway coal exist. it having been eroded away ages
ago. The coal nearest the surface in the northeast half of the
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county is the four-inch seam at the base of the Bethany Falls -
(Earlham) limestone. Near Anita this seam is close to the base
of the Dakota sandstone and glacial drift at a depth of 189 feet
below the upland. Hence it is absent to the northeast of the
place named. At Atlantic it is the coal recorded at a depth of
260 feet in the test boring. At Griswold it is estimated to be
about 724 feet below the town, or 430 feet above sea level.

About seventy-one feet below the above named seam is the
horizon of the twenty-inch seam of coal mined at the Eureka
coal shaft, located two .and a half miles east of the northeast
corner of Lincoln township, where it was found at a depth of
260 feet below the upland. With an average increase in depth
of 21 feet per mile to the southwest this seam of coal is at a
depth of 783 feet beneath the level of the upland, or at 534 feet
above sea level, along a line from northwest to southeast, near
the center of Cass county, and at a depth of 984 feet below
Griswold, or 'at 114 feet above sea level. In the record of the
Atlantic test-boring this coal is not mentioned, but the slate
recorded at a depth of 365 feet, 105 feet below the first men-
iloned coal seam, may possibly be related to this second seam.
Variations in d1p and in thickness of shale make up the dlffer—
ence of 34 feet between 71 and 105 feet.

The possibility of the presence of coal at greater depths must
for the present be treated as a rumor.®” Slate at 675 feet, at
740 to 760 feet and at 825 feet, are all that is mentioned in the
record of the Atlantic test boring. These records of slate are
where coal should be expected if it is present at all. It is evi-
dent that a “‘chuck drill”’ and not a core or ‘““‘diamond drill”’
was used, for samples were taken only occasionally.

According to the record of the Clarinda diamond drill hole®®
there are two other thin seams of coal that should be encoun- -
tered in the southwestern part of the county. The first is a six-
inch seam 200 feet above the coal at the base of the Bethany
Falls (Earlham) limestone. This seam reaches the base of the
Dakota sandstone, or the base of the glacial drift where the
Dakota sandstone is absent, at about the middle of the area of
IWeyes, “Coal Deposits of Southwestern Iowa,” Towa Geological Survey, Vol

SGeorge L. Smith, ‘“‘Carboniferous Section of Southwestern Iowa,” Iowa Geological
Survey, Vol. XIX, p. 618
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. the Douglas division (see map) or along a line northwest-south-
east through a point about a mile southwest of Cumberland, and
two miles southwest of Marne. It is at a depth of 524 feet at
Griswold. The horizon of the second, a four-inch seam, is 104
feet above the base of the Oread limestone, or at a depth of 151
feet beneath Grigwold. 4

It is evident that none of these seams of coal are worthy of
consideration for mining at the present time, unless it be the
twenty-inch seam, the second one named above, which in time
of need can be reached in Grant township, and in the northeast
half of Benton and of Lincoln townships. Water from the
Dakota sandstone and from the preglacial sands will cause
trouble in mining.

South of the Fault Plane—In the portion of Vietoria and
Edna townships southeast of the fault plane the Nodaway coal
seam is present at a depth of approximately thirty feet below
the beds of the deepest ravines, except where it has been re-
moved by preglacial erosion, the main lines of which are about
ten feet deeper. Beneath the Nodaway coal the depth to the
four-inch seam of coal above the Deer Creek limestone is 40
feet, or 104 feet above the base of the Oread lirnestone. The
further depth to the six-inch seam in the Douglas formation is
372 feet, the further depth to the four-inch seam of coal beneath
the Bethany Falls (Earlham) limestone is 200 feet, and the
further depth to the twenty-inch seam (Eureka) about 71 feet.

The above figures are subject to some variation: but it is be-
lieved they are sufficiently exact to prevent useless prospecting,
and to guide prospecting in Grant, Benton and Lincoln town-
ships in time of need. It is possible that people in Massena
and Union townships may think coal is easily accessible there
because it is mined at Bridgewater in Adair county. KExpendi-
ture for prospecting will not be wise, for Bridgewater, like
Briscoe, is on the opposite side of the fault plane and under
conditions described for the southeastern parts of HEdna and
Victoria townships. .

Well Records with Reference to Coal.—The record of the At-
lantic test hole has already been considered.
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At Lewis the deep well is said to have encountered at a depth
of 410 feet a fourteen-inch seam of coal, which is apparently at
the base of the Bethany Falls (Earlham) limestone. The thick-
ness named, if correctly stated, is such that it includes consid-
erable shale with the coal.

It is stated that coal was found in a well 385 feet deep in sec-
tion 5, Victoria township. This is at the northeast border of
the area of the six-inch seam that comes up beneath the Dakota
sandstone in the area of the Douglas division. Tt dips to the
southwest, and is too thin to be profitably mined.

It is stated that three seams of coal were encountered in a
test boring 370 feet deep below a low upland, on Mr. Spees’
farm, section 36 (southeast quarter of the southeast quarter),
Franklin township. One seam was found at a depth of 193 feet.
This is apparently the top seam, which in that locality.-is the
six-inch seam in the Douglas formation and is not far below the
base of the Dakota sandstone. Though depths are not given
the second seam may well be that at the base of the Bethany
Falls (Barlham) limestone, and the third the seam reached at
Eureka. ol

In section 27 (southwest quarter of the northwest quarter),
Massena township, is a well 306 feet deep. Here coal is said
to have been encountered somewhere beneath a little sandstone,
which was beneath a thick blue clay. The Nodaway coal seam
is beneath Dakota sandstone and a little Missouri shale in this -
locality. } .

Analyses of Coal—The following are analyses cf coal® from
the Plowman shaft at Briscoe. They indicate a good average
coal as compared with other Iowa coal.

ANALYSES OF COAL FROM THE PLOWMAN SHAFT.

. - TOP OF SEAM. MIDDLE OF SEAM BOTTOM OF SEAM
Moisture ................... 8.97 9.09 8.72
Total combustibles.......... 80.48 74.95 77.39
Ash ... ittt 10.55 15.96 13.89
Volatile combustible matter..36.44 32.04 32.01
Fixed carbon ............... 44.04 42.91 ' 45.38
Coke—fixed carbon plus ash..54.59 58.87 59.27
Sulphur in sulphides........ 3.15 2.44 3.67
Sulphur in sulphates...... ~. .11 13 27
Total sulphur .............. 3.26 2.59 3.94
Authority ............... G. E. Patrick G. E. Patrick G. E. Patrick

®lowa Geological Survey, Vol. XIX, p. 497. .
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Sandstone

A mile south of Lewis are the old sandstone quarries where
in the early history of the region the dark reddish brown Da-
kota sandstone was quarried for building purposes. A few

" buildings may still be found in which this stone was used.
Though easily worked it is too soft, too porous and too unsatis-
factory in color for a building stone, and is no longer quarried.

Limestone

Limestone has been quarried on the west bank of the Nish-
nabotna at Lewis; just south of section 32 (soutLeast quarter
of the southeast quarter), Noble township; in the southern half
of section 36, Noble township; and in the southern part of sec-
tion 31, Edna township, at the Fox quarries; but quarrying has
long since ceased at each place, and the old quarry faces are
largely concealed by talus. All the limestone is a light grayish
Fusulina limestone.

In the old quarries at Lewis (northeast quarter of the south-
east quarter of section 9) only six feet of limestone and shale
appear. The top of the limestone is seventeen feet above the
- water in the river and about three feet above the general level
of the bottom land. The limestone is at preseni better seen
just north of the bridge over Spring creek in section 9. The
. lower bed is four feet, ten inches thick, the upper five and a half
feet thick. The two are separated by two feet of a gray shale.

What little quarrying has been done on Rose Branch was in
Montgomery county. No strata in place are now visible, but
the fragments at hand are of the same character of gray Fusu-
lina limestone as that formerly quarried at Lewis, and are
undoubtedly from the same beds.

The full section at the Fox quarries (northeast quarter of the -
northeast quarter of section 31, Edna township) is given in
the chapter on stratigraphy. At this place there are several
beds that have been quarried, all of which are of the same gen-
eral character of gray Fusulina limestone as the beds already
named. *

The lowest beds, twenty-three feet above the river, offer lay-
ers four inches, ten inches, and twenty inches thick. Next
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above these lowest limestones are two heavily bedded layers
with two feet between them not exposed. These beds of limestone
are divided into three layers that are respectively two feet, one
foot and two and one-fourth feet thick. Near the top of the
bluff are two thin layers one of which is seven inches thick and
one two inches thick. At the very top of the bluff is two feet of
a decomposed limestone,

A small quantity of limestone could be obtained in sections
32 and 33, Grove township, where a stratum three feet thick
outcrops in the side of the ravine.

The demand for the sandstone and limestone for building pur-
poses has been replaced by a demand for the much more satis-
factory cement and brick; but a new local use for the limestone
has arisen. Limestone crushed fine is needed orn ground that
is acid, especially if alfalfa is to be raised on it.

The only deposits that are suitable for cement are those at
the Fox quarries, where the right mixture of shale and lime-
stone can be obtained; but the beds exposed are only twenty-
three feet thick, and they are located too far from a market to
deserve consideration.

Clay

The Atlantic Brick and Tile Company plant was operated by
Mr. C. K. Taylor, whose clay pit* is located west of the city and
close to the river. Here twenty-four feet of loess, the lower
four feet of which is brown, the remainder yellow, lies exposed
to view with base four feet above low water in the river. Be-
neath the loess is said to lie three or four feet of yellow sand,
then two inches of gravel, which rests on four feet of a coarse
river sand consisting of grains of various colors, indicating
that the gravel is derived from glacial drift, and containing
iron. Beneath this bed was something that Mr. Taylor could
not penetrate. The plant is used for the manufacture of brick
and tile. The manager is experimenting to obtain a mixture
that will make a harder brick than the loess alone produces, and
is evidently succeeding in his undertaking. At present he is
operating four kilns.
mecently changed hands, and is now operated by the Atlantic Building

Supply Company.
18
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Fi1a. 36.—Brickyard at Atlantic, Cass county.

The pit at Anita is also in loess, from which Mr. C. L. Martin
makes common brick.

The clay pit at Lewis is in loess banked against the side of
the valley, on the second bottom, close to the river. As the
brick made were too soft to compete with brick shipped in, the
plant has remained idle since about 1912. The plant consists
of a mill, two drying sheds, a rectangular kiln, two complete
and two incomplete circular down-draft kilns.

There is a small body of shale one mile east of (friswold and
nearly two miles south, and another body of shale two miles
north and one mile west of Griswold than can be mixed with the
loess to produce a harder brick than can be produced from the
loess alone. Weathered Nebraskan drift is better material than
loess for the manufacture of brick and tile. Diift generally
contains too many pebbles, but places are common where there
are few pebbles.
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TABLE OF CLAY PRODUCTION IN CASS COUNTY SINCE 1900.

(Compiled from the various volumes of the Iowa Geological Survey).
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