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INTRODUCTION.

LOCATION AND AREA.

Tama county was named after the Musquakee Indian—Tai-o-
mah.* It embraces a beautiful area situated in the east-central
portion of Towa. It lies in the middle row of counties extending
east and west and in the second tier to the east of the center of
the state. The counties of Grundy and Black Hawk border it on
the north and Benton lies on the east. Poweshiek county touches
it on the south and Marshall and Grundy form its western bound-
ary.

Tama county embraces an area included by the United States
land survey in the townships 82 to 86 north and ranges 13 to 16
west of the fifth principal meridian. It is a rectangle in form,
thirty miles in length north and south and twenty-four miles in
width. It comprises twenty congressicnal townships which give
it an area of 720 square miles. One of these congressional town-
ships, that in which the the towns of Tama and Toledo are situ-
uated, has been divided into two civil townships. Sections 1 to
24 inclusive form the civil township of Toledo, while the remain-
ing sections, 25 to 36, constitute the township of Tama.

A part of this fortunate area lies within the limits of the Towan
drift plain, and furnishes to the agriculturalist a soil unsurpassed
in its depth and productiveness by any portion of our fertile
state. The southern part of the county is richer in the wealth of
forest growth and woodland beauty. The steeper hill slopes and
broad valleys where less suitable for constant tillage afford for

*McGee: Eleventh Annual Report U. 8. Geol. Sury., p. 818.
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grazing purposes conditons but seldom equaled. To the earlier
settlers of Towa this region must have appeared as a happy land
in which to found a home. The well wooded southern portion
would appeal to the pioneer who had migrated from the timber
districts of the east, and would assure to him and his posterity
“the possibility of an abundance of fuel with which to meet the
rigors of western winters, while close at hand stretched the tree-
less prairie of the Iowan drift plain waiting only for the plow and
the seed to reward the husbandman with bountiful harvests. Al-
though there are but few exposures of indurated rocks over this
region, yet to the geologist the county presents features of more
than usual interest for the reason that the soils ¢f the area have
been derived from two different ice invasions, separated from
each other by an exceedingly long interval of time; while the well
borings and excavations reveal the presence of a third drift sheet
nnderlying and very much older than either of the other two.

EARLIER GEOLOGICAL WORK.

In his description of the range of the Carboeniferous limestone
in Towa, published in 1852, D. D. Owen mentions the exposures
along the Towa river on the western border of Tama county. He
also describes the symmetrical mound-like form oft some of the
outliers of the limestone in this region, and figures one which
doubtless represents what is known locally as the Devil’s Anvil,
near the Tama and Marshall county line. Professor Owen in-
cluded the southwest corner of the county within the limits of the
coal fields of the state.*

In his report on the Geology of Iowa in 1858, Professor James
Hall notices the meagreness of the rock exposures over the sur-
face of Tama county, and refers to one or two outcrops which he
found near Butlerville, or Indian-town. In this connection he
pays a tribute to the excellent quality of the soil over the par-
ticular region under consideration.t

Professor C. A. White, State Geologist of Towa from 1866-1869,
devotes two or three pages in his report to a description of the
rocks and the quarries which are found near Le Grand. The
greater part of this description might with almost equal propriety

*Owen: Geol, Surv. of Wisconsin, Jowa and Minnesota, pp. 98, 99, 101 and 102.
+Hall: Geol. of Iowa, Vol. 1, pt. 1, pp. 266-268.
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be applied to the exposures in Tama county abhout one mile far-
ther down the Iowa river.*

Tama county is included within the area of northwestern Iowa,
the Pleistocene history of which has been so beautifully written by
W J MoGee.t He refers to the exposures of the Kinderhook
limestone along the Iowa river between Marshall and Tama, and
mentions the wide character of the flood plain of the river as it
meanders through the county. He speaks of the deep covering
of loess over the hills west of Tama City and gives a few sections
or wells within the area.

In 1898 Mr. H. R. Mosnat published a report on the artesian
wells of the Belle Plaine area, in which area the southeastern por-
tion of Tama county is included. Mr. Mosnat gives a general de-
seription of the deposits associated with the water bearing bed
and mentions a number of wells put down within the borders of
the district under discussion.}

T'wo years ago the present writer published a short paper on
an exposure of pre-Kansan drift in Tama county.§

PHYSIOGRAPHY.
TOPOGRAPHY.

General Description—Tama county embraces a region of ex-
tensive level or undulating prairies unbroken by branch or
gully; a region also of well matured drainage where deep dissect-
ing ravines are bordered by high loess covered hills and abrupt
slopes; a region where the smooth unsculptured plain of the
Towan drift gives place to the trenched and furrowed surface of
the Kansan. The line of surface contact along which these two
drift sheets meet is indicated by a border of irregular hills; the
drift of which they are largely composed is of Kansan age while
the caps of sand or loess were probably deposited during the time
the Towan ice prevailed and stood at its maximum southward ex-
tension.

#White: Geol. of Yowa, Vol. I, pp. 312-814.

+McQee: Pleistocene History of Northeastern Iowa, Eleventh Ann. Rep. U. S. Qeol, Surv.
pp. 409, 428, 432, 470 and 528, 1889-1890.

i Mosnat: Iowa (Reol. Surv., Vol. IV, pp. 523-582.

$Savage: Proc. Iowa Acad. of Sciences, Vol. VIII, pp. 275-:78.
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. In some places where a lobe of the Iowan ice advanced farther
south than the main sheet the mantle of drift which was left is so
thin that the characteristic features of the Iowan plain were not
impressed upon the area. Here we have a mixed or hybrid topo-
graphy where the subdued hills of Kansan drift, in many cases
covered with beds of sand or loess twenty to twenty-five feet in
thickness, look down upon valleys choked and filled with glacial
debris in which are found drift and granite bowlders of the
Iowan age.

Besides the above mentioned topographic features the very
wide flood plains through which the most of the larger streams of
the county flow, present their characteristic level type of sur-
‘face.

The Iowan Drift Plains.— A sinuous line of hills which marks
the southern margin of the Iowan drift sheet enters on the west
side of Tama county about one and one-half miles north of the
Towa river, near the southwest corner of section 30, Carlton town-
ship. From this point it trends southeast for about one mile, to
the eastern part of section 31, then passes north for two and one-
half miles. Near the southeast corner of section 18 these low

Fig. 19. Margin of the loess Kansan area in Carlton township, showing the ridges which mark
the border of the Iowan drift plain.
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ridges which constitute the Iowan moraine trend.eastward, reach-
ing Deer creek about one-fourth of a mile south of the corporation
limits of the town of Garwin. From this point they trend towards
the northeast, across Howard township, entering; Carroll township
near the southwest corner of section.6. Thence they continue so
nearly eastward that where they leave section 10, four miles fur-
ther east, they have scarcely passed one-mile to the south. The
border of hills now bendsto the southeast and continues parallel
with the channel of Salt ereek passing across section 11 and the
southwest corner of section 12, then drops southward for over a
-mile, leaving the township about one-fourth of a mile south of the
northeast corner of section 24. For a distance of one and three-
fourths miles it continues southeast. It then bends west for one
mile along the north side of section 31; then turning to the south-
east it erosses section 31 and the southwest corner of section 32,
entering York township about the middle of the north side of
section 5. Continuing southeast one-half mile and then east for
three quarters, it bends southward for a distance of two miles
and one-half. It then trends southeast for about one mile; bend-
ing south one mile further it passes nearly due east for three-
quarters of a mile and then bends to the southeast, continuing
parallel with the valley of Salt creek across section 26, the north-
east corner of 35 and the sonthwest corner of 36, entering Salt
Creek township about one-half mile west of the town of Irving.
It continues in a general southeast direction passing out of Tama
county near the southeast corner of section 1 of Salt Creek town-
ship. )
All of that portion which lies to the north of the line fraced
above, embracing about one-half of the area of the county, is a
part of the extensive plain of Towan drift which stretches away to
the northward beyond the limits of the state. This surface is
generally level, or but slightly undulating. The drainage is but
imperfectly developed over most of the area. The broad, shallow
channels along which the excess of water is discharged head in
seepy sloughs or swales, and the most of the smaller streams have
scarcely cut a definite bed in which their waters are confined.
The northern portion of the county is crossed by Wolf creek.
This is a stream of considerable size which has cut its channel tor
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-a depth.of thirty or forty feet into the Kansan drift. It flows in
.an ancient valley which was excavated before the invasion of the
:Towan glaciers. The amount of drift materials that-was carried
by the Towan ice was not sufficient to completely bury the old
channel, and so, when the ice retreated, the waters once more be-
came established in this pre-Iowan bed. Owing to the very thin
mantlé of Towan drift which was left over this region the waters
of Wolf creek and its tributaries have been able to remove the
greater part of the Iowan covering from the immediately adja-
cent lands. Such erosion has occurred whenever a slope of a few
degrees has been developed, exposing along the roadsides and in
the banks of the ravines the older sheet of Kansan fill.

There is thus a belt, two to four miles in width, bordering Wolf
creek, which lies within the area of the Iowan drift but which
presents the bold forms of water sculpture so characteristic of
the Kansan plain. The physical features which this strip pre-
-sents are but a forecast of the fate which will eventually overtake
all of the level prairie country as the drainage becomes more and
more perfected, unless there intervenes some counteracting force
to check the slow but ceaseless work of the stream erosion.

Brom the main sheet of Towan drift above deseribed a tongue
shaped lobe having an average width of aboub six miles, extends
southward for a distance of eight or nine miles, reaching one mile
below the city of Toledo and within two miles of the Iowa river.
This extension may be called the Toledo lobe of the Towan drift.
Tt is bordered on the west, from the point where it leaves the main
Towan drift sheet about the middle of the south half of section: 14
of Carlton township down to near the middle of section 21 of To-
ledo township, by the hills which form the west bank of the valley
of Deer creek. From the latter point the irregular ridges which
mark the margin of the lobe trend to the southeast for one-half
mile and then eastward, continuing in an undulating line near
the north: side of sections 27, 26 and 25 of the township of Tama.
They enter Otter Creek township not far from the southwest cor-
ner of section 19. From this point they trend in a northeasterly
direction across the southern portion of section 19 and bending
further to the north they cross the northwest corner of section 20.
Otter creek passes thromgh a gap in these hills near the southwest
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corner of section 17. From here the ridges extend in a general
northerly direction, bending alternately eastward and westward,
near the west side of sections 17, 8 and 5. They lenter Carroll
township near the southeast corner of section 31. Continuing
northward. with a slight inclination toward the west for a dis-
tance of five miles, they merge into the morainic hills of the
proper lowan drift plain near the southwest corner of section 6.

This Toledo lobe covers the greater portion of Howard town-
ship, a small corner of Carlton, a little more than the east half
of the township of Toledo and a narrow strip from the west side
of the townships of Otter Creek and Carroll. It is about four and
one-half miles in width at the southern extremity and nearly eight
miles across at the north where it leaves the main sheet. It em-
braces an area of over 31,000 acres.

Over the southern portion of this lobe the surface is that of a
billowy prairie. The elevations seldom exceed Swenty feet above
the broad channels of the streams. A thin covering of Iowan
drift oceurs over the lower lands and in places is found even on
the tops of the subdued hills. The drift is of the typical Towan
character. It is yellowish brown in color. The iron which it con-
tains is not fully oxidized and the calecareous matter is not leached
from the surface. It carries but few pebbles or small bowlders
as compared with the Kansan and of these there is but = small
percentage of the dark colored trap or greenstones.

Over this region the Iowan drift is usually concealed beneath a
covering of loess which varies from a foot or two to several feet in
ihickness. Such a‘loess covered bed of Iowan drift is well exposed
along the roadside between sections 18 and 19 of Otter Creek
township, and again about the middle of the line which separates
sections 23 and 26 of Howard township. The presence of loess
overlying Towan drift is not unique over the state but this is not,
its usual mode of occurrence. In central and southern Towa the
deeper beds of loess are found covering Kansan drift at no great
distance from the Iowan border. It seems probable that then as
now loess materials were deposited on the leeward side of ob-
structions to dust-laden currents of air, or where in the path of
such winds the soil was covered with vegstation whickh would
serve to catch and retain the dust particles that fell upon it. How-
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ever, the distribution of loess over this portion of the state would
indicate that during the time when the Towan ice prevailed, the
conditions were exceptionally favorable for its deposition and
that probably the source of much of the material might have been
the super-glacial silt from the Towan ice sheet itself.

Very often the deposits of Iowan drift are found in the valleys
while till of Kansan age composes the hills, emerging at the sur-
face along the upper part of the slopes. Examples of hills with
Kansan drift exposed at the top and having Iowan materials
flanking the base may be seen in the northern part of section 35
. of Howard township, and along the middle line of section 21 of
the same township.

The Iowan ice which pushed down over this area carried quite
a large number of light-colored, granite bowlders. These bowl-
ders are usually from four to eight feet in diameter but individ-
uals ten to twelve feet in length are not rare, while one specimen
was seen with a long diameter of about thirty feet. Bowlder
strewn fields, some of the rocks of large size, may be seen about
eighty rods south of the Toledo and Cedar Rapids road, one in
the eastern part ofi section 23, and another in the western part of
section 24 of Toledo township. Occasional bowlders dot the sur-
face along the courses of streams over all of this region. They
are seldom found on the higher points but seem to have been left
during the process of the melting of the ice that carried them,
either on the lower flanks of the slopes or along the beds of the
streams.

The topographic features of an area across the middle portion
of this lobe are bolder. The tops of the hills stand in many places
forty to fifty feet above the valleys. The contours are quite sharp
and the slopes are steep. The irregular character of these sand
or loess capped hills resembles very closely the ridges which are
found around the margin of the Iowan drift plain. Even here,
however, the stream channels choked and clogged with aqueo-
glacial debris, the oceurrence of Towan drift near the base of the
hills, and the presence of large, light-colored, granite bowlders
along the valleys, bear indubitable testimony to the former pres-
ence of the Towan ice sheet. The axes of these hills are composed
of Kansan drift, but their tops are usually covered with sand or
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Fig. 20. View showing the topography of the Toledo lobe in the edge of the hills which cross the
central portién of this extension of Iowan drift; showing also a large bowlder of Jowan age
stranded near the top of one of the hills. The Iowan bowlders are usually found only at or
near the foot of the hills. About one and one-half mile northwest of the county poor farm,
Toledo township.

" with loess, often to a depth of from fifteen to thirty feet. A short
distance somth of the Monticello church in section 33 of Howard
township, the road has been cut through a bank of loess, expos-
ing a depth of about fifteen feet, while in the valley a short dis-
tance away there may be seen a bed of Iowan drift. The loess
at this place is very fossiliferous, containing numerous individ-
uals of species of Polygyra, Suceinea, Pupa and other common
genera. Fxamples of sand covered hills over this area are num-
erous, but typical places have been already cited.

The peculiar topography of the Toledo lobe, the presence of
loess overlying the Iowan drift, together with the very scant
amount of material that the Iowan ice sheet left over its surface
would seem to indicate an unusual episode in the history of the
Jowan ice action. The phenomena which it presents lend them-
selves to the following interpretation. During the early stages of
the extension of the Iowan glacier a narrow lobe of ice was pushed
southward beyond the main body over the deeply eroded Kansan
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surface, covering the area outlined as the Toledo lobe. For some
reason the pressure from behind soon became insufficient to keep
up the movement over this lobe and the ice which covered the
region became dead, and gradually melted where it came to rest.
As the glacier moved slowly over the old Kansan surface, the.
stones which were held fast along the bottom of the ice would
form: instruments of attrition of the most effective kind. The
materials on the tops of the hills, even though frozen solid, could
not, but yield rapidly to this grinding action of the ice. The de-
bris worn off from the higher points would be pushed c¢ver into .
the valleys to the leeward of the advancing ice sheet. In this
manner the surface inequalities would gradually be reduced both
by the constant wearing down of the greater clevations, and by
the no less constant filling of the valleys with the materials re-
moved from the tops of the hills. Owing to the short period dur-
ing which the flow of ice continued over this surface, the tops of
the Kansan hills were not subjected to the powerful abrading ac-
tion of great masses of moving ice for so long a period as were
those where the flow continued for the whole time during which
the Towan ice prevailed. As a consequence the pre-Iowan sur-
face here was not planed down to the same extent as it was over
the area covered by the main sheet of the Iowan drift.

The generally smooth character of the Towan drift surface is
probably due more to the leveling action of thick masses of ice
moving over the region than to the amount of materials trans-
ported from great distances which the ice left as it retreated. The
Iowan ice did not generally carry such a large amount of drift
and debris as the Kansan, as is witnessed by the comparatively
thin sheet of materials which is usually found covering the Kan-
san drift over the main Iowan plain. However, it is probable
that the small quantity of ice which melted over this lobe would
be one good and sufficient reason for the unusually thin mantle
of Towan materials that is found over its surface.

The cause or causes which resulted in the early cessation of tha
flow of ice over this lobe did not produce their full effect at
once. The movement probably ceased quite suddenly over the
southern half of the area, but its withdrawal from the northern
portion was accomplished much more slowly and at a much less
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uniform rate. A halting in the retreat of the ice near the central
portion of the lobe, its line of lower limit receding but very slow-
ly through a long period of time, would result in the accumula-
tion around its margin of deposits of sand and loess by the over-
wash ofl materials liberated from the melting ice and by the ac-
tion of winds sweeping over the surface of the ice sheet and lay-
ing down their load to the leeward of its margin. )

As a consequence of such deposition the Kansan hills imme-
diately around the border, which had been leveled down to some
‘extent by the ice moving over them, were built up to a height
twenty to thirty feet above the more elevated points in the south-
ern portion of the lobe. During this time, also, much of the
fine-grained loess materials gathered up by the winds would be
carried out some distance beyond the margin of the ice, and thus
the southern portion of the lobe would receive a mantle of loess
above the Iowan drift which had been previously deposited over
the area. When the ice melted there was left the helt of sand or
loess crowned hills, one-half mile to a mile in width, which forms
so conspicuous a feature across the north-central portion of the
lobe.

Some time before the entire withdrawal of the Towan glacier
from the county, the flow of ice ceased over the northern portion
of the lobe, the margin retreated to about the same distance
southward as that of the main bedy of the Iowan ice. Along this
border a new series of ridges was formed, but the width of this
belt is less than that of the one which crosses the central portion
of the lobe. The individual ridges are also lower and less con-
spicuous. Pleasant Hill chureh, situated about the middle of the
south side of section 2 of Howard township, is located on one of
the ridges of this moraine.

After the retreat of the ice from the Teledo lobe and probably
before the entire withdrawal of the Iowan sheet from this por-
tion of the state, a deposit of loess was laid down in places over
the northern portion of the area under consideration.

‘With this deposit and the retreat of the ice, the stage of the
Iowan ice invasion was closed. From that time, so long ago
when measured in years yet so recent from a geological point of
view, the forces of weathering and erosion have modified but
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slightly the topographie forms of its surface, adding only the last
touches to the features which the region presents today.

A third body of Iowan drift occurs in Tama county on the
south side of the river. This area is an extension eastward of
the Towan drift plain from Marshall county. Its northern mar-
gin follows quite closely the lIowa river bluff for a distance of
over two miles, reaching within one-half mile of the towns of
Butlerville and Montour. From here it stretches away to the
southeast across sections 33 and 34 of Indian Village township-
and passing across sections 2 and 12 of the township of Highland
it extends eastward about one and one-half miles into the town-
ship of Columbia. The southern margin of this extension fol-
lows westward near the north side of Richland creek to about
section 23 of Highland township where this hody of lowan ice
merges into a southern area which is bounded on the north by
the valley of Richland creek and which extends eastward to the
southeast corner of Columbia township. This area of Iowan
drift stretches away southward into the county of Poweshiek. It
is probable that the body of Iowan drift south of the river was
a continuous area and that the seeming division which appears
along Richland ereek is due to the removal of all traces of the
Towan deposits by the erosion of that creek and its affluents in
this particular region.

The topography of this Towan drift plain is somewhat similar
to that 'of the southern portion of the Toledo lobe. The hills are
subdued but not effaced. The stream channels are obstructed
but not filled to such an extent as to prevent effective drainage.
There are no great surface inequalities over the area, the tops
of the hills usually standing not more than twenty or twenty-
five feet above the valleys. There are fewer bowlders left over
this region than.occur over the Iowan areas north of the river.
However, a few individuals of large size may be seen about the
middle of the line which separates sections 26 and 27 of High-
land township and others again near the southwest corner of sec-
tion 29 and the southeast corner of section 30 of Columbia. It
would seem as if the Iowan ice sheet which spread over this
portion of the county must have been exceedingly thin; that its
flow continued but a very short time, and that it carried but a
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scanty amount of detritus of any kind. The hill slopes in num-
bers of places expose the oxidized Kansan drift overlain with
a mantle of loess; almost the whole of this area being loess cov-
ered. The word mantle is an appropriate term as applied to the
loess. Wherever it occurs in the county it forms a cloak or blan-
ket, usually thin, which conforms in almost every case to the pre-
existing inequalities of the surface over which it lies. Good expos-
ures of typical Iowan drift are here exceedingly rare. However,
the hills are not so high, the contours are not so sharp and the
stream channels are not so open nor so deep as they are over the
typical areas of Kansan drift. The occasional large bowlders of
gray granite which sentinel the drainage courses are added wit-
“nesses to a transient visit of the Iowan ice.

The Kansan Drift Areas.-—On the north side of the Iowa river
and to the west of Salt creek a body of Kansan drift extends
northward to the margin of the Iowan drift plain. The area is
nearly cut in two by the southward extension of the Toledo lobe
above described. The topography of this region is exceedingly

Fig. 21. View showing the topography of the loess Kansan area near the southern portion of Tama
county: .

irregular and its forms have been molded by the action of long
continued erosion. The surface is dissected in all directions
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with ‘axi intricate system of drainage.channels. The numerous
" stréams, each with its series of pinnately branching tributaries,
have carved the entire region into alternating ridges and rayines.
The uplands are narrow. The hills are high. - Their teps' are
crowned with a deep deposit of loess which heightens the in-
equalities of the surface. The slopes are steep as is usually the
case when deeply loess covered districts are subjected lo strong
;erosion. The smaller stream channels are sharply angular and
" the forces of erosion are energetic at the present time. From:
the west portion of this area, a narrow strip of Kansan drift,
varying from forty to eighty reds in width, extends northward
along the west bluff of the valley of Deer creek for a distance of
apout five miles. This peculiar belt is typical Kansan in character
and for some unknown reason was avoided by the Towan ice which
came down on either side.

The hills which form the north bluff of the Towa river valley
are in many places covered with sand. These deposits are prob-
ably in the nature of dunes, the materials having been gathered
up by the winds as they swept down the broad valley of the
river. Examples of such hilly occur along the river bluff a few
miles east of Chelsea and again a short distance east of the town
of Gladstone. In the western part of the county, the sand hills
are replaced by loess capped bluffs. Such deposits appear about
one and one-half miles east of Tama. At this place in a loess
bank about twenty feet in depth Mr:. Bentley obtains clay for
the manufacture of brick and tile. Several miles farther up the
river, along the south side of section 13 of Indian Village town-
ship, beds of very fossiliferous loess crown the bluffs which over-
look the broad valley opposite the town of Montour.

On the south side of the river the Kansan drift is also overlain
by a .blanket of loess. Deposits of loess and till of Kansan age
constitute the superficial materials over all the the southern por-
tion of the county east of the Towan area above described. The
topography of this region resembles in a general way that of the
Kansan drift area lying to the north of the river. Rounded, irreg-
ular knolls and open, sharp ravines alternate in almost endless:
succession. The land features are mature and long continued

14 G Rep
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erosion has intersected the region with such a network of stream
channels that the level upland areas are few, scattered and of
small extent. The beds of loess are not quite so deep as on the
north side of the river, but here also frequent deposits of loess
"and sand cap the bluffs which form the south wall of the valley
of the Iowa river.

‘Stream Flood Plains—The valley of the Jowa river which
passes diagonally across the southern portion of the county has
an average width of more than two miles. Over this broad plain
the river meanders from side to side in a series of broad, swing-
ing curves. Cut-offs have been made in the past and ox-bow
lakes oceur at a number of places over the plain. A good exam-
ple of such a curved lake may be seen a short distance above the
town of Montour, and several others occur in Salt Creek town-
ship below the town of Chelsea. The river swamp is not per-
fectly drained and shallow marshes are not infrequent over the
area at some distance from the river. The bed of the river is
but twelve or fifteen feet below the level of the river swamp so
that the whole plain is subject to inundation during periods of
great flood, such as occurred in the summer of 1902. :

The river is bordered throughout almost its entire distance in
the county by steep bluffs forty to seventy feet in height. These
hills are usually composed of Kansan till capped with a bed of
loess or sand. Ledges of indurated rock outerop in the banks
only for a short distance in the western part of its course after
it enters from Marshall county.

Each of the larger creeks flows in a broad alluvium covered
valley one-half mile to a mile in width, which seems entirely
out of proportion to the size of the btream which it accommo-
dates. These valleys, like that of the Iowa river, were prob-
ably excavated in preglacial times. They are guarded by hills
of drift whose tops usually overlook the plain from a height of
forty or fifty feet.

The following elevations taken from Gannett’s Dictionary of
Altitudes in the United States will give the height above sea level
of some of the principal places in the county.
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ELRVATION
IN FEET

= £ 1 < 1,056
Gladbrook, Chicago & Great Western railroad........ 949
Gladbrook, Chicago & North-Western railroad........ 945
L L 792
Toledo, Chicago & North-Western railroad ........... 847
Toledo, Weather Bureat.....voc. vt iiinvenerrenaeenns 856
Tama, Chicago & North-Western railroad .... ....... 820
Tama, Chicago, Milwaukee & St. Paul railroad...... 827
Potter ......cioiiiiit i i i e e 863
Le Grand........o oottt it iiannress 933
B0 1 845
GIAdStOne. « .o v ittt e 835
VinIBg. . oviiri it i ies e cevaeeaas 86§
L0 -3 T RO 789
Elberon . .....ueeiiiiiieriiiri it 844
DYSart. .. evvei i it e et e 968
0 V- 916
Dinsdale....... ..ii veiieiii i i e 928

It will be noticed in the above table that the most of the places
mentioned from the south and west sides of the county are situ-
ated on low bottoms, as the flood plain of the Jowa river and of
Deer creek; while most of those given from the north and eastern
portion of the area are located on the uplands of the Iowan drift
plain.

DRAINAGE.

From a consideration of the table of elevations it will he seen
that the highest portion of the county is in the northwesl corner
and the lowest part is in the southeast. The difference in the
altitude between these points is 267 feet. The surface over the
northern portion of the county slopes gently towards the east
while in the central and southern portions it is inclined towards
the south as well as east. As would be expected the streams of
the area follow the direction of the slope, conforming in a gen-
eral way to the normal direction of flow of the rivers of eastern
Towa.

The surface of the county is fairly well drained, even over the
more level portions of the Iowan drift plain. The streams be-
long to two principal drainage systems, the Cedar river and
the Towa. The divide passes east and west across the central
portion of Spring Creek township, dipping a little south of the
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middle of Crystal and thence across nearly the central portion
of the townships of Perry and-Clark.. ‘The town of Dy@:?rt stands
on the south edge of this watershed. . Cedar river recéives all of

the excess-of water. which . falls. upon .the surface rorth of the
divide, drammg a}most one-th1rd| of the area of the county The

portion of the region under oonmderatlon .
The Io owa Rwer —The Iowa Tiver enters “Tama, county fI‘OI‘DJ

tow-n.shlp It holds a general southeasterly course wm&mg diag-
onally across Indian Village township and the township of Tama,
the northeast corner of Columbia, the norfh half of Richland and
the central and southern portion of Salt Creek. It leaves the
county about the middle of the east side of section 36 of the lat-
ter township. Following all of its numerous curves and zigzag
windings, the waters of the Towa river flow for a distance of
about fifty-five miles within Tama county. From the north it
receives tribute from Sugar, Deer, Otter and Salt creeks, while
Raven, Bennett and Richland creeks flow into it from the south.

For the first six miles after entering the county the curves of
the river have deflected the current against the opposing banks,
cutting them away at intervals so far as to expose ledges of Kin-
derhook limestone in the bluffs which border the valley. During
all of the rest of its course the river meanders in a broad valley
which: in preglacial times was excavated in the Lower Carbonif-
erous limestone. Wells which have been bored over this broad
flood plain indicate that the preglacial channel was cut down
175-280 feet below the bed of the present river. This ancient
channel was filled with drift brought down by the pre-Kansan
and Kansan ice. The present river has cut a valley into the Kan-
san drift two miles in width, to a depth of forty to seventy feet
below the general level of the uplands. The width of the pre-
glacial valley has not been determined as in no place along this
part of its course have the bordering ledges of rock been ex-
posed.

Wolf Creek Of the streams of the county, Wolf creek is see-
Qnd m size only.to the Towd river. It is the major stream of all
of 'the northern portion of the county. It rises in the gullies and
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sharp, trenches which have been graven into the surface of ;the
eastern, por‘aon of Marshall county It passes across the north
ern part of the townships of Spnng Cleek Crystal and Perry
Thence bending to. the northeast, it crosses ‘the southeast corner
of Buckingham-and continues eastward ’ near the central - pontlon
of Geneseo townslup It leaves the countv. about the middle, of
the east side- of the latter township,. a short-distance before 1t
makes the more abrupt turn northward to meet the Cedar river.
That part of its basin which is included in Tama ‘county em-
braces an-area of about 225 square miles. This stream follows
along very close to the south side of its basin. It receives but
a few short, insignificant affluents from the south, while the
streams which- pay tribute to it from the north are much larger;
more numerous and much more widely branching. While lying
wholly in the Iowan drift plain, Wolf creek is an excellent ex-
ample of the eastward flowing streams which have developed
one sided basins; the major stream having cut its channel close
to the south side of the area which it drains. McGee noliced that
many-of the eastward flowing streams of-the ““loess drift’’ pertion
of the state presented this peculiarity, and, as applied to such
streams in Poweshiek and Towa counties, he suggested the fol-
lowing explanation.* He considers the drainage systems of the
¢“‘loess drift’’ area to be determined by a number of planes the
north rim of each being sharply uptilted and from this ridge
the plane inclines southward in a long gentle slope; the east
flowing waterway in each case being located along the foot of
the gently inclined, southward slopes of the plane; the steeper
northward facing slope of the stream basin being the shorter
and more sharply sloping front of the next southward extendlng,
gentle incline.

Professor Calvin thinks, however, that these unsymmetrical
basins might have been developed from one original gently slop:
ing*surface—dram'ed by~ eastward-flowing -streams; -which ‘basins
might.in. their early history have been symmetrical,,, He-shows
that ‘the slopes which face the north would suffer much l¢ss than
those on the opposite side of the channel from. the. alternataons
of freez1ng and thaévlng and the consequent effects of eros1on 1n

4'1311:(}% Pleistooene History of No thea bem Iowa, Elevenbh Ann Rop U S. ﬂeol Surv
p. . e
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early winter and spring. These northward facing slopes would
also be less affected by summer droughts which tend to check
the growth of vegetation and to render the surface more pulver-
ulent and so more easily attacked by dashing rain storms. Thus
as the channels of the streams became deepened the north side of
the valley would recede more rapidly than the south. The south
facing slopes would slowly become more gradual than those
which faced the north and the streams on this side would cut back
into the highlands more readily and at a more rapid rate, rob-
bing the secondary streams developed on the south side of the
adjacent northern drainage area. In this manner as the drain-
age basin became more mature it gradually became unsymmet-
rical and was converted into a. sloping plane with the master
stream along the southern margin at the foot of a shorter and
steeper slope which faced ‘the north.*

‘Whatever the explanation may be, it is certain that here in
Tama county the present streams are following more or less per-

Fig. 22. View looking west across the valley of Deer creek, showing the bluffs which form the
western border of the valley and which mark the western margin of the Toledo lobe of Iowan
drift, Toledo township.

fectly the old channels of a drainage system which was im-
pressed upon the area before the invasion of the Kansan ice sheet,

*Calvin: Iowa Geol. Surv., Vol. VII, p. &
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and, in most cases, valleys which were formed before the begin-
ning of the Glacial epoch.

Deer Creek—Deer creek rises among the low, rounded swells
of the Iowan drift plain in the southern portion of the Spring
Creek township. It follows a general .southeasterly direction
acrosg Carlton township, the southwest corner of Howard and
through Toledo reaching the river in the south part of section
34 of the township of Tama. It flows in a broad valley one-half
to three-fourths of a mile in width, the early history of which
dates backward into preglacial times. On the east this valley is
bordered: by the gentle slopes of the Iowan drift plain while on
the west the bluffs of Kansan drift rise bold and steep to a
height of forty to fifty feet above the bed of the stream. Through
numerous gaps .in these bluffs the waters of small streams find

Fig. 28. View from the bluff on the west side of the valley of Deer creek, looking east across the
valley and over a portion of the Toledo lobe. Showing the topography of the western portion
of that area in Toledo township.

their way down to the creek from the uplands. Irom the east
—the side of gentle slopes—a number of affluents eight or ten
miles in length pay tribute to this stream, among them Pin,
Crystal, Pleasant, Jordan and Minnow creeks, while from the
west, a very much older surface, there are numerous short
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streams. but not one of sufficient size to.merit 2 name. The basin:
of Deer creek is one-sided but its lack .of symmetty is probably:
due in part to the fact that the: west facing slope was leveled by
the Towan glacier, while the east facing bluffs received the de-
posits which were laid down around the margin of the lowan
ice.

Salt Creek —Salt ereek is the largest tributary to the Towa
river from the north within the county. Its branches rise inthe
Towan drift plain, near the divide, in Crystal, Perry and Clark
townships. Its basin drains an area of about 180 square miles
in the east central portion of the county. As in the case of the
Deer- creek valley, Salt creek is bordered on the west by abrupt
bluffs of Kansan drift, which, at the same time, mark the west-
ern -margin of the Iowan drift area in that portion of the county.
To the east the Iowan plain stretches away in gentle undulations
across the borders of Benton county. Like Deer creek also-this
stream follows close to the west side of its unsymmetrical basin.
This one-sided character is probably due to the same causes
which produced a like effect on the basin of Deer creek. Like
Deer creek again, this stream flows.in a channel carved in the
Kansan, drift which fills a preglacial valley “ofi much greatéyr s1ze
it reaches the river near the. east s1de of section 36 of Salt Creek
township. :

Otter Creek—Otter creek is a small stream which I‘ises in How-
ard township within the area of the Toledo lobe of Iowan drift.
It passes downward across the-northeast corner of Toledo town-
ship, through Otter Creek township and across the northeast cor-
ner of Richland, joining the river not far from the center of secy
tion’ 21, of Salt Creck township. Its basin embraces an area of
about eighty square.miles, including thegreater part.of Otter
Creek township and a small corner of the townshlps of Howard,
Toledo, Richland and Salt Creek. .

Sugar Creek.—Sugar creek rises in the northedst cormer of
Marshall county. Itis not more than & dozen or fifteen miles in
length, It flows with the usnal number- of zigzag curves in-a gen-
eral southeast direction, reaching the river near the west side of
section- 9 of Indian Village township. ~The' chief character.in
which this stream differs from all othersif the:-county -is-#g
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outhfulness.: Its valley is.quite wide;: but not te be.comypdred in
width with that of Bexnnett or Raven creeks—small streams which
-are no larger than Sugar creek. Then, too, it is qtlll cut’r1ng1 at
its, banks and its bed., Ledges of hmestone are exposed in the
bluﬂs fou some mlles along the lower course of Sugar - creek a
phenomenon to be seen along no other creek in the county

Richland Creek.—Richland. creek is the largest tributary to the
Jowa river from the south within ‘the county. Some- of its
branches rise near the western side of, Richland township and
-others havé their source in the northwest corner of the county of
Poweshiek. The creek flows nearly due east for a disiance of
twenty miles—not considering the curves and bends in the chan-
nel—finding the river near the west side of section 13 of Rich-
land township. Its valley is one-half to three-fourths of a mile
.in width and is covered with a deep, dark colored mantle of allu-
vium. The channel is bordered by hills of drift forty or fifty
feet in height. Its basin is very narrow as compared with its
length. The near presence of the Iowa river on the north has
probably prevented the development of such a long slope on that
side of the basin as is usually found in the basins of eastward
flowing streams in this portion ofl the state.

Bennett and Raven Creeks.—Besides Richland creek. the only
streams of any considerable size which render tribute to the
Towa river from the south are Bennett and Raven creeks. Theso
streams drain the northern pertion of Highland township, the
southeast corner of Indian Village and the ssuthwest corner of
the township of Tama. They are not more than eight to ten
miles in length, yet they occupy wide valleys either one of which
would be sufficiently large to accommodate the waters of the Iowa
xiver.

In connection with all of the larger streams of the county the
«ne thing which, again and again, strikes the ohserver with sur-
prise is the great age of the valleys in which they flow. This
extreme age is indicated by their great width and also by thé
absence of any rock ledges exposed ‘in their hordering banks. Tt
is ‘a significant fact that each of these cresks rises within'the
JTowan drift plain, and it is very probable that during the melt-
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ing of the Iowan ice these channels carried a much larger vol-
ume of water than they do at present.

History of the Drainage—The channels of the present drain-
age system were probably outlined, for the most part, before the
advent of the Pleistocene period. Wells which have been put
down over the flood plain of the Iowa river penetrate to a depth
of 170 to 230 feet before they reach the indurated rocks.

Along the lower course of Deer creek such borings indicate
the presence of a channel 157 feet deeper than the bed of the
present stream while in the southern portion of Spring Creek
township there are exposed along one side of its valley border-
ing bluffs of oolitic limestone to a height of ten or twelve fleet.

Near the southeast corner of Otfter Creek fownship a well put
down on the flood plain of Otter creek was bored to a depth of
200 feet before reaching indurated rocks. Wells put down along
the valley of Salt creek penetrate to similar depths before en-
countering the layers of limestone,

Mr. Mosnat* has shown that the depth and distribution of the
flowing wells of the Belle Plain area and the succession of de-
posits which they penetrate would indicate the presence of a deep
valley excavated in the Lower Carboniferous limestone having
a width of four to six miles and a maximuny depth of 340 feet
at Vining and 228 feet at, Chelsea. Well borings show the pres-
ence of this old channel from a few miles north of Vining down
to the southeast corner of the county. It passes beneath Belle
Plaine and on southeast into Jowa county as far as the town of
Ladora.+ 'This area embraces the more eastward extension of
Kansan drift north of the Iowa river; and thus the poertion of
the county where now the hills stand highest, in preglacial times
was the lowest and was occupied by the valley of a large river.
The bottom of this valley contains drift of pre-KKansan age whicl
is overlain by a deposit of Aftonian gravels, which bed, in turn,
is deeply covered with Kansan drift. These Aftonian gravels
constitute the water bearing layer in this portion of the county.
At Vining wells are sunk to a depth of 250 feet below the tops
of the hills before reaching the bed of gravels, while in the

¢Mosnat: Iowa Geol. Surv., Vol. IX, pp. 528-562.
+1bid, p. 524
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northern part of Otter Creek township a well has been sunk to
a depth of 370 feet before the indurated rocks were encountered.
It seems probable that in preglacial times this old valley carried
the major stream of the region; and that to this river the streams
which then occupied the channels of the Iowa river, Richland,
Deer and Otter creeks rendered tribute.

STRATIGRAPHY.

General Relations of Strata.

The indurated rocks which are exposed in Tama counly belong
to but one system of the Paleozoic group. They outerop only
along the middle portion of the western side of the area. To the
north,east and south they are buried beneath a covering of drift
which in some places is more than 360 feet in depth. It is prob-
able that the rocks which immediately underlie the drift in the
northeastern portion of the county are of Devonian age. There
are no exposures, however, by which this presumption may be
verified, but the first rocks which are encountered to the north
and east belong to that system.

The superficial materials contain a record of the desolating
action of three different invasions of ice. Each glacial period
was followed by a milder interval of long dttration during which
the surface was clothed with vegetation and peopled with life
very much as it is today.

The following table shows the geological formations which are
known to be present in Tama county.
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Devonian System.
CEDAR VALLEY STAGE.

All of the indurated rocks which are known to be exposed at
the surface in Tama county belong to the Carboniferous system,
but all of the exposures which were found over the area oceur in
the western tier of townships. The successive strata of eastern
Towa outerop at the surface in a general northwest-sontheast di-

rection, and lines which in a general way mark out the known
area of the outerops of the rocks of the Devonian system in the

state would include the northeast corner of Tama county. The
rock exposures which were found nearest to this portion of the
county occur a few miles to the eastward along the tributaries of
the Cedar river. At these points the uppermost members of in-
durated rocks belong to the Cedar Valley stage of the middle
Devonian series. From the above consideration there seems lit-
tle doubt but that the rocks of the same age immediately under-
lie the superficial materials as far westward as the borders of
Tama county.
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90f the Tocks of the Carboniferous systern there are founﬂ with?
in- bhe drea cTep:omts of both the Pennsylvanian and the MrsS1s—
sippian ‘series. .Of the latter séries there is- represented only the
lowest- or earliest stage—the Kinderkook. Of the Pennsylvanian
series there are found only sandstones which belong to the Des
Moines stage.

‘Lower Carboniferous or Mississippian Series.
KINDERHOOK STAGE.

The name Kinderhook was applied to this assemblage of
sirata by Meek and Worthen* from the fact that the rocks of this
age are well developed and typically exposed near the town of
Kinderhook in southern Illinois. In discussing the Kinderhook
beds as they are exposed in Tama county Professor Whitney
speaks of their close resemblance to the Burlington member of
the Carboniferous limestone as that member is developed at the
¢ity of Burlington.t Professor Hall referred the beds now in-
cluded in the Kinderhook stage to the Chemung group of the
Devonian.t Dr. C. A. White designated the rocks of this stage
as the Kinderhook heds,§ and gives a section showing the char-
acter of the layers as they are exposed at Burlington through a
vertical height of 109 feet.

The rocks of the Kinderhook stage in Iowa extend 'from
Cerro Gordo county in the northwest to the bluffs of the Missis-
sippi river in the county of Des Moines. As these rocks are ex-
posed in Tama county they present three different facies. The
lowest phase is a yellow, fine-grained sandstone which bears but
few fossils and which is seen in but a few of the outerops in the
area. Overlying this sandstene is a stratum of light colored,
oolitic limestone which occurs in thick massive layers. This
phase is very fossiliferous throughout and is quite uniformly
developed and constantly present wherever in the county the
rocks of this horizon are exposed. The upper phase is a brown
magnesian limestone which in some layers changes to a yellowish
brown, fine-grained sandstone. The layers of this upper phase

*Meek and Worthen: Am. Joar. Sci., Vol. XXX{I, p. 223.
+Hall: Geology of Iowa, Vol I, pt. 1, p. 2388

1Hall: Geology of Jowa, Vol. I, pt. 1, p 90.

$White: Geology of Iowa, Vol. I, p. 181,
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carry quite a number of fossils, usually in the form of casts or
moulds. Near the upper part the magnesian character gives
way to thinly bedded -limestone which in the mppermost layers
exposed, carries a large quantity of the comminuted fragments of
the stems of crinoids.

The general character of the rocks of the Kinderhook stage as
those rocks are developed in this region, together with their order
of superposition may be seen from a study of a few typical sec-
tions.

Typical Exposures—Near the east side of section 17 of Indian
Village township, in an old quarry just on the south side of the
town of Butlerville, there is exposed the following succession of
rock layers.

FEET. IN.
14, Yellowish brown loess.........cocovvieininnens 2
13. Brown clay containing numerous crystalline
pebbles . ... .. ... 6

12. Bed of grayish brown, impure limestone which
breaks up into narrow layers and irregular
pieces when exposed to the action of the
weather. Fossilsrare................v ... 3

11. Band composed largely of nodules of chert.... 3

10. Impure limestone, brown in color, with few
fossils, species of Chonetes, Rhynchonella
and Spirifer were found......... ...l 1

9. Band of chertnodules...............ovevunnsns 3

8. Thick, heavy layer of brown magnesian lime-
stone containing casts of Chonetes and

Rhynchonella ..............ccoiiet vvnnnnat, 2 6
7. Layer composed mostly of nodules of chert.... 4
6. Layer of brown magnesian limestone with casts

of Zaphrentis, Chonetes and Rhynchonella... 10

5. Brown limestone with numerous chert nodules
intermingled, containing casts of a species of
Productus .......ccviiiiviieinnnnerianans e 10

4. Massive layer of brown magnesian limestone in
which there is a considerable quantity of sand 4 8

3. Heavy layer of 06litz which weathers into small
irregular blocks and bits, containing in abund-
ance Orthothetles crenistvia a species of
Rhynchonella, Spirifer exienuatus, Spivifer
biplicatus and Straparollus latus. ... .... ... 5 8

2. Massive beds of oovlite in two layers similar to
number 3 above and carrying similar fossils
the lower portion somewhat talus covered.... 8 6

1. Yellowish sandstone with some clay containing
few fossils, not well exposed, to level of road. 8
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A few rods to the west of this exposure, near the house of Mr.
Blodgett, there is an outerop of a few feet of thinly bedded, im-
pure limestone which would oceur above the uppermost member

Fig. 24. View of the Butlerville quarry in section 17 of Indian Village township. The heavy
ledge exposed at the base is oolite. The layers worked constitute the arenaceo-magnesian bed
which immediately overlies the oolite.

of this section, the upper layers of which are crinoidal in char-
acter. -

The beds above number 3 contain a few fossils but not nearly
S0 many as appear in the layers of odlite. The quarryman, Mr.
Dawson, stated that he had found numerous fish remains and
crinoids in the seams which part the layers of magnesian lime-
stone. Numbers 4, 6, 8 and 10 of the layers of magnesian lime-
stone are the rocks mostly used for purposes of masonry. The
oolite yields rapidly to the weathering action of the atmosphere,
crumbling into small irregular pieces. This oglite was formerly
burned in large quantities for lime.

All of the beds at this quarry are cut by numerous wide joints
into irregular blocks. Some of these joints are filled with a dark
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colored, -highly "carbonaceous shale, which .is very.probably” ef
Upper Carboniferous age. - However, the Coal Measure, deposits.
have all been removed from the upper surface of the rocks. im.
this quarry. ..

i At the present time number 1 in the above section 1§ not well
exposed. The layers which overlie the oolite are more desirable
stone for general purposes and hence they have been worked
back further into the hill than the beds which lie below them. The-
stripping and talus have been dumped over the edge of number
3 so as in some places to conceal number 1 and the lower portion
of number 2 from satisfactory observation.

In his report on the Geology of Iowa, Professor C. A. White-
gives the following section of this same quarry as it was exposed.
in 1869.*

FEET.

3. Soft,irregularly bedded, magnesian limestone pass-
ing up into purer-and more regularly bedded lime-

SEOME. ... it e 40
2. Light gray oolitic limestone in heavy layers........ 15
1. Yellowish, shaly, fine-grained sandstone, ..... .. 20

In the above section-it will be readily seen that number 1 cor-
responds with number 1 of the section of the Butlerville quarry:
as it appears today. Number 2 of White’s section is the equiv-
alent of numbers 2 and 3 of the present quarry section while
number 3 of White’s section includes numbers 4 to 12 as they are-
at present exposed at the Butlerville quarry. At the time Dr.
‘White visited the region the beds below the oolite were better:
exposed and to a much greater depth ; the limestone layers at the-
top were also to be seen in greater thickness than they are today.

About-one and one-fourth miles west of Butlerville, near the
scuthwest corner of section 8, a quarry is opened on land owned
by C. J. Stevens of Montour. At this place the outcrop presents.
the following section:

*White: Geol. of Iowa, Vol. I, p. 196.
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FEET. IN.
15. Gray crinoidal limestone which weathers into

thin pieces ..., 1
14. Crinoidal limestone, gray in color, with numer-

ous fossil fragments...... ........ ... 8
13. Fissile limestone in thin layers, few fossils...... 4 :
12. Brown magnesian limestone with layer of chert

nodules two inches in thickness at the top.... 9

11. Bed of rather soft, friable sandstome, much
water seamed and containing numerous chert
nodules, fossils few.......ccveiiiiiiiiiai it 7

10. Arenaceo-magnesian limestone, fine-grained and

’ quite hard, brown in color. layers 8 to 12 inches
in thickness containing casts of a species of
Chonetes, Productus, Rhynchonella and Spi-

5 173 4
9. Bed of incoherent, brown, fine-grained sand... 1 2
8. Band made up of chert nodjules..... .......... 4
7. Impure arenaceo-magnesian limestone, few fos- ‘
. =3 1 - 3 1 1
6. Bed composed largely of nodules of chert carry-
ing a layer of sand, 3 jnches in thickness..... 1
5. Magnesian limestone containing some fine- [
‘ grained yellow sand .............c.oueinnnns 1 8
Bed similar to number § above................. 1 6

3. Layer of massive o¥lite weathering into small
bits and bearing numerous fo:sils among which
appear Orthotheles crenistva, Spivifer bipli-
catus, Spirifer cf extenualus and Straparotlus

ALUS ot e 7
2. Layer similar to number 3 above in lithological
characters and fossil contents .... ..... - 4 6
1. Layer of light gray odlite similar to numbers 2
and 3 above .....iiiiiiiii i e 3

In the above section it will be seen that numbers 1, 2 and 3 are
the equivalents of numbers 2 and 3 of the Butlerville exposure.
The sandstone at the latter place which underlies the oolite does
not appear in the above section. The impure limestone bed
which includes layers 4 to 12 of the above section .corresponds
with layers 4 to 11 inclusive of the section at Butlerville. The
upper limestone, which includes layers 13 to 15 above, represents-
number 12 at the Butlerville quarry and probably also embraces
the limestone layers which appear in the hill near Mr. Blodgett’s
house. ’ :

15 G Rep
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Fig. 25. View in the Stevens’ quarry in section 8 of Indian Village township. The light colored
masasive bed at the base is oolite. The thin layers at the very top are limestone. The sand
and impure limestone layers between contain numerous nodules of chiert.

In the southwest quarter of section 21 of Indian Village town-
ship there is exposed in a ravine a short distance west of the
town of Montour the following section:

3. Reddish brown clay with numerous pebbles........ 4

2. Layer of light gray odlite containing numerous
fossils, among them the following are abun-
dant Orthothetes cremistria, Spirifer cf. exten-

uatus, S. biplicatus and Straparollus latus....... 6
1. Layer of oolite similar in every respect to num-
ber 2above........... ...l e 34

This is an abandoned quarry which was formerly worked by
the Oxford Lime Company. The oolite makes as good a quality
of lime as can be obtaimed from pure calcium carbonate. Large
quantities of it were used for lime making before the railroads
brought the better grade of lime, made from dolomite, within
easy reach of the builder. .

It is evident that numbers 2 and 1 above correspond with num-
ber 3 and the upper part of number 2 respectively of the Butler-
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ville quarry, and with numhers 3 and 2 of the Stevens gquarry
section. At Montour all of the magnesian and sandstone layers
which overlie the oolite at the Butlerville and Stevens quarries
Lave been removed by erosion. )

In the southern part of Spring Creck township there is-exposed
along the east bank of a branch of Deer creek a ledge of oolite
to a height of ten feet. This outcrop is the most northern rock
exposure known to oceur within the county, while none were
found further south than the one at Montour. The rocks along
Deer creek are essentially similar in lithological characters and -
fossil contents to those éxposed at Montour.

Near the southeast corner of section 7 of Indian Village town-
ship there is a narrow bluff of rocks extending northward into

Fig. 26. The Devil’s Anvil. A tongue shaped lobe of Kinderhook limestone extendinginto the Iow
river valley in the southern part of section 7, Indian Village township. At the extreme righ
appear the bluffs across the river valley.

the flood plain of the Iowa river. This peculiar outlier has a
vertical height of about fifty feet above the valley and is known
locally as the ‘“‘Devil’s Anvil.”’ There is exposed in the east
side of this hill the following succession of layers:
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FYET.
‘8. Reddish brown clay containing numerous small
pebbles... ... i e i e e 3
8. Bed of crinoidal limestone which wenthers mto thin
layers 1 to 4 inches in thickness.................. 7
7. Layer of crinoidal limestone bearing a band of chert
nodules near the middle ............ ...... ..... 2

6. Bed made up of irregular'layers of brown colored
magnesian limestone 1 to 4 inches in thickness and
containing numerous nodules of chert 6 to 12 inches
in long diameter and 3 to 6 inches in the short di-
rection. Casts of fossils not rare; among them
appear species of Rhynchonella, Zaphrentis, Cho-
netes and Productus . .........o.oiviiin e innn 10

5. Impure magnesian limestone, brown in color, con-
taining but few fossils and showing numerous cav-
ities which appear to have been formed by the
dissolving action of percolating waters ........... 4

4. Bed of fine-grained, brown colored sandstone in
layers 9 to 18 inches in thickness, a part of the
layers containing some magnesjan limestone and
all of them bearing numerous chert nodules...... 8

3. Band of chert nodules on the surface of which ap-
pear casts of fossils, among them Orthothetes and
Pro@uctus .. ..ovuvesnrenunneninranerenaineannn.. b4

2. Bed of impure sandstone which appears massive in
places and at other places weathering into irregu-
lar layers 2'to 4 inches in thickness..... ......... 4

1. Bed of light gray oolite containing numerous fossil
fragments amang which are Orthothetes cvenistria
§pirz'ler biplicalus and Siraparollus latus........ 6

In this exposure only the upper layer of the oolite is to be seen
and this is the equivalent of the upper portion of the odlite
stratum in all of the sections previously given. The layers of
arenaceo-magnesian limestone, represented by numbers 2 to 6
inclusive above are quite variable, the sandy character giving
pla,ce to magnesian limestone, and the corresponding layers vary-
ing in thickness in exposures that are but a short distance apart.
The aggregate of .these layers, however, is easily correlated with
numbers 4 to 11_inclusive of the Butlerville quarry and with
numbers 4 to 12 inclusive of the Stevens quarry section. The
thickness of the limestone layers which overlie these arenaceo-
magnesian beds and which constitute the uppermost numbers of
the rocks of the Kinderhook stage in the county is also variable
at outcrops not widely separated, a larger amount having been
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removed by erosion at some points than at others. However,
the corresponding beds as a whole can be readily recognized at
all of the exposures where these uppermost beds are present.

About three-fourths of a mile north of Butlerville in the south
bank of the river there is an abandoned quarry which was for-
merly worked by Messrs. Stevens and Gray. At this place there
is exposed about six feet of oolite at the base, which is succeeded
by twenty-three feet of irregular layers of brown arenaceo-mag-
nesian limestone interlaid with bands and numerous chert nod-
wles. The indurated rocks are overlain by about six inches of
oxidized bowlder clay and that in turn is covered with. about one
foot of loess soil. Outerops such as the last might be multiplied
along the bluffs of Sugar creek. In the last few. miles of its
course the ledges of rock are exposed at almost:every bend of
the stream but there are no layers present which do not-appear in
the Butlerville, Stevens or Anvil exposures, nor were any, species
of fossils found there which were not seen at the' points above
mentioned. ks

The Butlerville section and the succession of heds which appear
al the Stevens quarry and the Anvil may be taken as representa-
tive of the development of the Kinderhook rocks in Tama coun-
ty. As will be seen the bed of whiteoolite is a conspicuous fea-
" ture in each of these exposures.

In all cases the o6lite of Tama county is mixed with-a shell
limestone, but the predominance of the oo6lite phase makes that
the most conspicuous feature of these layers. Oolite is composed
of small, more or less spherical, grains of calcareous matter ce-
mented into a hard mass by the deposition of caleium carbonate.
When a fragment of this rock is ground and polished, each little
. grain is seen to be composed of a number of thin concentric
plates surrounding a common nucleus. Oolite was probably
formed along an old sea margin which was submerged only dur-
ing the periods of high tide; in places where, for some reason,
the land stood almost at base level so that the streams which
drained the surface carried to the sea little or no mechanical sedi-
ments; in a region where the climate was suitable for the rapid
and abundant growth of brachiopods and other animals which
secrete skeletons of lime; in localities, too; where conditions
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Fig. 27. Exposure in an old quarry near the southeast corner of section 8, Indian Village town-
ship. The floor of the quarry is of oolite, alittle of which is shown at the base of the quarry.
The middle portion shows bands of chert intercalated between the irregular layers of impure
Jlimestone. . Thin layers of crinoidal limestone appear at the top.

were favorable for some concentration of calcium carbonate in
the sea water. As the waves swept far up over such low beaches
they would grind into tiny bits the fragments of shells which they
rolled back and forth along the bottorn and so cover the shore
with minute grains of calcareous sand. Every time the tide rose
and again receded a film of sea water would be left surrounding
these tiny spheres which upon evaporation would deposifi a pel-
licle of lime around the grain. In this manner the little spher-
ules slowly grew by addition constantly on the outer surface.
and finally-the adjacent grains and fragments of shells were all
firmly cemented. together by an interstitial deposit of this same
substance from the waters of that ancient sea. '

It is by some such process as this that oélite is formmﬂ' at the
present time along the shores of tropical seas, and geologusts be-
lieve ‘that nature has Workedl in the past by the same metho-ds as
are used at present te secure like results.
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~ The fossils which were found in the layers of oolite represent
no great variety of forms but the individuals of the most of the
species were very abundant. The following were collected from
this bed: -
_ Orthotheles crenistria Phillips.
Chonetes logani ? Hall,
Productus cf. arcualus ? Hall.
Productus sp.
Orthis swallovi Hall,
Rhynchonella sp.
Spirifer cf. marionensis Shum.
Spirifer biplicatus Hall.
Soirifer sp.
Syringothyris exlenuatus ? Hall.
" Athyris sp.
Straparolius latus Hall.
Dezxiobia ovata Hall

The layers of yellowish sandstone which underlie the oglite
were seen at no point further west than the Butlerville quarry.
At this place the beds were not very well exposed and no trace
of fossils was found.

The arenaceo-magnesian beds which overlie the oolite were
probably also deposited at no great distance from the shore along
a zone that was subjected to variable conditions. They were
formed during a period when the process of erosion was quick-
ened and the streams brought down from the uplands -greater
quantities of sediment. The following animals peopled the waters
during the time these rocks were being laid down.

Fenestella sp.

Zaphrentis sp.

Orthothetes crenistria Phillips
Chonetes sp.

Productus sp.

Rhynchonella sp.

Spirifer sp.

The limestone layers at the top of these sections record a grad-
ual subsidence resulting in the diminution of erosion, allowing
the building up of limestone layers from the shells or skeletal
parts of the successive generations of sea animals, among which
the crinoids were preeminent. The materials of these layers
are so finely comminuted that but few of the fossil fragments
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which they contain could be recognized. Among them were the
following:

Chonetes sp.

Rhynchonella sp.

Spirifer sp. .

Some time ago a collection of fossils from: the above beds was
sent to Professor Stuart Weller of the University of Chicago for
identification, but up to the present date he has not had time to
examine and report concerning themi; hence the meagreness of
the list of species found above.

In the discussion of the rocks of the Kinderhook stage in Mar-
shall county, Dr. S. W. Beyer makes the following subdivisions.*

FERE.

4, Brown and gray subcrystalline limestone........... 30
3. Buff magnesian limestone, cherty below.... ...... 35
2, Gray-whiteoolite..........coviriireiiiiraniannnnns 15
1. Argillaceous blue sandstone .............c...oven. 20

Above number 4 he places provisionally about fifteen feet of
argillo-calcareous beds which are exposed at Marshalltown, but
which bear no fossils. In the Marshall county section number
1 is the equivalent of number 1 of the Butlerville section. Mr.
Beyer speaks of observing casts of fossils in this bed but men-
tions none of the forms which they contain. Number 2 above
corresponds with numbers 2 and 3 of the Butlerville quarry. Mr.
Beyer speaks of this bed being fossiliferous throughout, among
which forms he found:

Entolium civculus Shum.

Straparolius latus Hall.
Productus sp. and fish spines and plates.

In the third number above he found:

Choneles sp.

Praductus arcuatus Hall.
Orthotheles crenistria Phillips,
Rhynchonella sp?

Spirifer biplicatus Hall.
Spirifer sp,

Spines of fishes.

This number is identical with numbers 4 to 12 inclusive of the
quarry section at Butlerville. It is probable that number 4 of

»Jowa Geol. Surv., Vol. VII, p. 222, et soq.
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Beyer’s section is represented in Tama county by the limestone
layers which overlie the arenaceo-magnesian beds at the Butler-
ville and Stevens quarries and in the Anvil exposure. It is not
developed to such a thickness in Tama county as it is farther
west. The shales which are found at Marshalltown have no coun-
terpart within the area under consideration.

In his report on the Geology of Iowa Dr. White gives the sue-
cession of the Kinderhook beds as they are exposed at the city
of Burlington.* The condensed reproduction of his Burlington
section is given below.

FEET.
7. Impure limestone, sometimes magnesian, passing
graduallyinto the Lower Burlington, disintegrating
more readily than the overlying Burlington lime-

-3« L 3-4
6. Light gray oolitic limestone, very uniform in litho-
logical characters.........veeeerivreneniionreores 2-4

5. Fine-grained yellowish sandstone, often crowded
with casts of fossil shells, embracing many genera
and species some of which are peculiar to this bed
alone. The fossils of this bed are usually small
Lamellibranchs and Brachiopods................. 7

4. Dark gray compact limestone, sometimes slightly
arenaceous, breaking up into small fragments on
exposure and is very fragmentary even when not
exposed to the atmosphere. :..................... 12

3. Odlitic limestone, interesting as showing the ten-
dency of the limestones of "this formation to as-

sume this structure .......co.iiiieniiniiiiiie b4
2. Layer of compact limestone everywhere crowded
with shells, principally Chonetes..... ........... e

1. Composed largely of fine-grained sandy shales, but
varying from bluish clayey shales to fine-grained
yellowish sandstone, greatest thickness exposed..82

No. | is recognized in well borings at a depth of 65 feet below
the above measurement, making the entire recognized thick-
ness of this member 147 feet.

Mr. White considered number 1 of his Burlington section to
be the equivalent of number 1 of his section of the Butlerville
exposure ; number 6 at Burlington to be the representative of num-
ber 2 at Butlerville, and number 7 at Burlington to be the coun-
terpart of number 3 at Butlerville.} He seemed to think that

* White: Geol. of Iown, pp. 182 and 198
+1bid: p. 196.
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numbers 3 to 5 inclusive of the Burlington section were not rep-
resented at Butlerville at all. Dr. White speaks of the upper
portion of number 1 at Burlington being quite fossiliferous in
some places and states that the characteristic fossils of the Kin-
derhook formation prevail throughout the whole series of beds
found at Indiantown (Butlerville) but he does not mention any
of the species that were found at either exposure. In the spring
of 1899 Professor Stuart Weller made a study of the rocks of the
Kinderhook stage as they are exposed at Burlington. Mr. Weller
makes the following section of these rocks which differs from
White’s only in dividing number 1 and combining numbers 2
and 3.*

FEET
7. Soft, buff, gritty limestone......... et 3-5
6. White odlitic limestone .................... e 2-4
5. Fine-grained yellow sandstone.................... 6-7
4. Fine-grained, compact, fragmental, gray limestone.12-18
3. Thin band of hard impure limestone filled with

Chonetes; sorretimes associated with a thin oolite

2. Soft, friable, argillaceous sandstone sometimes
harder and bluish in color, filled with fossils in
the upper portion, the most abundant of which is
Chonopectus fischeri ...........coovviiivaiiiins 25

1. Soft, blue, argillaceous shale (exposed) .......... 60

As will be seen numbers 4 to 7 inclusive of Weller’s section are
1dentical with the corresponding numbers in the section of Dr.
White. In number 6 of the above section, which While consid-
ers the equivalent of the oolite layers in Tama county, Weller
mentions the following list of fossils which have been observed +

Zaphrentis sp. undet.

Leptena rkomboidalis Wilck.
Orthotheles inflatus W. and W.
Choneles logani N: and P.

Choneles illinoisensis Worthen.
Produclus arcualus Hall.
Productella concentricus Hall.
Schizophoria subelliptica W. and W.
Rhipidomelia sp. undet,

Dielasma alles Win,

¢ Weller: Iowa Geol. Surv., Vol. IX, p. €5.
+1Ibid: p. 78.
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Spirifer marionensis Sha.

Alhyris crassicardinalis White.
Pernopecten civculus Hall.
Conocardinm puichellum W. and W,
Straparolins obtusus Hall.
Pleurotomaria quinguesulcata Win.
Loxonema sp. undet.

Capulus sp. undet.

Orthoceras indianensis Hall.
‘Gyroceras burlingtonensis Owen.

‘From bed number 7 of Weller’s section, which White consid-
ered the representative of thearenaceo-magnesianlayers which
overlie the o6lite in Tama county, Mr. Weller names the follow-
ing species:

Leplopora typa Win.

Orthotheles inequalis Hall, ()

Orthotheles infiatus W. and W.

Productus puncilatus Martin. o
Camarophoria caput-lestudinis White,
Rhynchonella persinuata Win.

Spiriferina solidirostris White,

Nucleospira barrisi White,

Bellevophon panneus White.

Pleurotomaria mzsszsuppzenszs W. and W,
Igoceras undata Win. 4
Capulus paralinus W. and W. i

Capulus vomerium Win. .

From a comparison of the fossils which appeéar in number 6 of
the Burlington section with those which oceur in the oolite beds
of Tama and Marshall counties, which members Dr. White
thought were equivalent, it will be seen that there iz a very
marked difference between the fauna of the respective members.
It is possible, however, that when Mr. Weller completes the study
of the fossils ofl the Kinderhook stage in central Iowa that these
differences may become less conspicuous, and the resemblances
may -grow more apparent. In like manner the assemblage of fos-
sils which is found in the arenaceo-magnesian beds overlying the
odlite in-Tama and Marshall counties is quite different from that
found in number 7 of the section at Burlington, with which mem-
ber Dr. White consadeled the arenaceo—magnesmn beds to corre-
spond. :
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If the rocks of the Kinderhook stage which are found in Tama
and Marshall counties were deposited contemporaneously with
any of those of the corresponding stage at Burlington, it is pos-
sible that Dr. White was correct in his correlations as given
above. Lithologically the oolite beds of this horizon in central
Towa resemble very closely number 6 of the Burlington section.
A larger proportion of the fossils which are found in the oolite
layers is similar to those found in number 6 than to those of any
other member of the Burlington section. Also the beds imme-
diately overlying the o¢lite in Tama and Marshall counties are
as nearly similar in lithological characters and fossil contents to
number 7 as to any other member of the section at Burlington.
It will be evident, however, that if this is the true interpretation
of the relation of the Kinderhook rocks which occur in the coun-
ties of Tama and Marshall to those exposed in the bluffs along
the Mississippi river at Burlington, there must have been very
peculiar conditions attending the deposition of these materials to
result in the wide differences in the animals which peopled the
waters along that ancient shore at the two points separated by
such a short distance. 'What those conditions could have been is
not at present understood.

The limestone beds of the Kinderhook stage which overlie the
arenaceo-magnesian layers in central Towa seem to have no prob-
able equivalent further south. The sandstone member which
underlies the otlite in Tama and Marshall counties is not suffi-
- ciently well exposed over this area to permit even an approximate
determination of its equivalent in the exposure of the rocks of
this state at the city of Burlington.

Upper Carboniferous or Pennsylvanian Series.
DES MOINES STAGE.

The deposits of the Lower Carboniferous series were closed by
a crustal movement that raised this portion of the state above
the sea. For an exceedingly long period, measured by three
geological ages, the area which embraces Tama county was a land
surface, exposed to all the denuding effects of weathering and
erosion to which such areas are subjected at the present time.
Deep gorges and wide valleys were carved in the level strata of
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the Kinderhook stage and doubtless a great depth of rock ma-
terials which were once laid down above the highest layers that
at present are found in the area was swept entirely from'the sur-
face and carried down to the sea, contributing to the sum of the
sediments which make up the rocks of the Augusia and the Saint
Louis stages farther to the south and west.

Finally the oscillations of the erust resulted in the submergence
once more of the greater portion of Iowa. The area under dis-
cussion was involved in this catastrophe, and deposits of sedi-
ments once more accumulated over the region, filling all of the
old valleys and burying deeply the gashed and furrowed surface
beneath a covering of sand and shale and seams of coal which
constitute the deposits of the Des Moines stage of the Pennsyl-
vanian series.

This portion of the state did nob remain beneath the waters
so long as areas lying further to the south and west. With an
upward movement of the crust the region was again added to
the domain of the land. This new land was immediately attacked
by the quiet agents of the atmosphere and the more rapid action
of the rains and streams. During the rest of the Paleozoic era,
the whole of the Mesozoic and the greater portion of the Cenozoic
it was being carved and worn and wasted ; reduced to base level,
only to begin a new cycle of erosion with each new elevation of
the land. The whole of the deposits of the Des Moines stage was
eroded from the surface except a few small patches occupying
old channels in the Kinderhook rocks, which were not again ap-
propriated by later streams. Protected in these depressions from
the general denudation that removed the great mass of the
sediments of the Des Moines stage, these isolated remnants wit-
ness to the profound changes which this region has undergone.

Near the central part of section 9 of Indian Village township
there is exposed in a ravine on the north side of the wagon road a
bed of sandstone about six feet in depth which was thought to be
of Des Moines age. The sand here is quite incoherent when long
exposed to the weather, except where the grains have been cement-
ed together with an interstitial deposit of iron. It is yellowish.
brown in color and coarser grained in texture than any that had
been found in the deposits of the Kinderhook stage in that region.
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No remains either of plants or animals were found in these layers.
This bed was in a valley thirty feet lower than the tops of the
ledges which form the bluffs of the Iowa river scarcely one-half
mile away. The pockets and joints filled with carbonaceous shale
which are found at the Butlerville quarry would also indicate that
the emtire surface of the county had been covered with these
Upper Carboniferous deposits, the most of which had subse-
quently been removed by erosion before the beginning of the
Pleistocene period.

Pleistocene System.

During the excedingly long interval that elapsed between the
elevation which closed the deposits of the Upper Carboniferous
series over this area and the initiation of the Pleistocene period
not only had the surface suffered great denudation and deep
erosion but the rock materials had slowly disintegrated in excess
of what was removed by the streams and thus a soil was formed
which, as it gradually grew deeper, protected the underlying
rocks from thé most rapid decay. Slowly as the soil accum- .
ulated plants appeared, and at length the surface became
clothed with vegetation and peopled with abundant forms of an-
imal life. It was after the long continuance of such a condition
of things as this that the Pleistocene period was introduced.
During the early part of this period ice sheets were pushed down
from the morth over this area, bringing with them great quanti-
ties of clay and bowlders and rock debris. These materials were
spread out over the surface of the county to such a depth that the
streams have succeeded in cutting their channels through the cov-
ering of drift in but few places so as to reveal the indurated rocks
which underlie it. The Glacial series is represented in Tama
county by three different sheets of drift, deposits of loess and
beds of alluvium.

) PRE-KANSAN DRIFT.

Near the southwest corner of section 19 of Toledo township
a cut has been made in a hill in order to make wider the road
bed of the Chicago and Northwestern railroad. At this place
the following section has been exposed.*

*Savage: Drift Exposure in Tama county, Proc. Jowa Acad. of Sciences, Vol. VIII, p. 275.
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FEET.

5. Fine-grained, yellow colored clay without gravel or
bowlders ... .. ... i e 4%

4. Bedof sand in alternating bands of finer and coarser
grained material.........cciiiiiiiiiiiiii e, 8

3. Bed of bluish colored clay containing numerous
pebbles and bowlders many of which are deciyed..24

2. Band of brown colored, somewhat sandy soil con-
taining impressions of vegetable remains and pieces
ofwool........oo.eut S, e e 1%

1. Bed of blue clay with numerous pebbles and bowl-
ders down to the base of the exposure, pre-Kansan.16

Fig. 28. Exposure in a cut along the Chicago & Northwestern Railroad near the southwestern
corner of section 19, Toledo township. The drift at the base is pre-Kansan, that at the topis
of Kansan age, the horizontal band a little below the middle of the section represents an old
Aftonian soil horizon. (Photo by Mr. J. M. R. Hanson.)

In the above section number 5 is the common fine-grained,
yellow loess that forms the surface soil over the most of the
neighboring uplands. Number 4 is a bed of loose sand in which
the layers of finer-grained material alternating with those of
coarser texture indicate a deposit along the channel of a stream
in which the strength of the current was variable. The layer
of sand was probably deposited along the bed of a stream that
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carried off the waters which resulted from the melting of the .
Kansan ice. Number 3 is a thick bed of bowlder clay, containing
numerous pebbles and bowlders of various sizes, many of which
show marks of glaciation. Quite a large proportion of these peb-
bles and small bowlders are dark colored greenstones. Many of
the light colored bowlders have so far decayed that they soon
crumble to pieces when exposed to the air. This bed of clay rep-
resents the Kansan drift. It is of a yellowish color at the top,
gradually changing to a bluish color lower down. It is calea-
reous even at the top which is unusual for the surface of the Kan-
san drift sheet. It is probable, however, that the bed of sand
which overlies this drift has so protected it from the atmosphere
as to prevent the leaching of the lime from the clay for svme few
feet below the surface, as has generally taken place at the upper
part of this drift. The bed is cut by numerous joints and cracks
inte prismatic’ and irregularly shaped blocks and fragments.
Number 2 is a narrow band of dark brown materials composed
of more or less perfectly decayed vegetable matter mixed with a
soil which contains a considerable amount of sand. This band
contains no trace of calcareous matter. Fragments of wood, bits
of roots and dark colored patches of carbonaceous material occur
near the upper part of the bed. It forms a conspicuous layer
eighteen to twenty-four inches in thickness, which is exposed at
this horizon for a distance of several rods. Number 1 is a bed
of bowlder clay which resembles number 3 above in color and
contents. It does not present such numerous joints as appear in
number 3. At the top of the member the oxidation of the iron
in the clay has given to the till a slightly yellowish appearance
but this change is not nearly so marked as is often seen at the
surface of the Kansan drift. The calcareous matter has been
almost entirely removed to a depth of one to three feet. A few
feet below the soil band prompt andi vigorous action when treated
with hydrochloric acid reveals-the presence of abundance. of
lime down to the base of the exposure. This lower bed of till is
considered of pre-Kansan age. The narrow band containing
plant remains and soil constituents represents the old surface of
the Aftonian interglacial period, during which interval the leach-
ing at the top of the lower bed of till was slowly accomplished.
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In well borings at different points over the county the same
bed of bowlder clay is encountered underlying the Kansan drift,
but this is the only place within the area where it is known to be
exposed at the surface.

A well put down in the spring of 1902 by Mr. William La Due
of Toledo, for the Toledo and Tama Klectric Car Company, about
the middle of the south side of section 20, Teledo township,
passed through the following succession of beds as furnished by
the well driller:.

7. Fine-graimed soil...... ... ..o it 5
6. Yellow clay without pebbles ....................... 25
5. Stratum of sabnd..... ...eiviiiiiiriiiie e <.. 8
4. Bed of blue clay containing grave! and bowlders. .42
3. Bedof sand.......coiiiuiiriiiienriiianneiia.ll 12
2, Bed of blue clay like number 4 .................... 40
1. Very hardlime rock..........oovvt viniiiiinnnns 38

It is probable that numbers 6 and 7 of the above section rep-
resent a deposit of loess, the upper part of which has been
changed to a darker color by the carbonaceous matter that has
been left from the decay of successive generations of vegetable
forms which grew upon the surface. Number 5 is a sand bed
that was probably laid down along the channel of a stream which
carried water while the Kansan ice was melting, but which was
abandoned when the ice withdrew from the area and the stream
found a lower level for its bed. Number 4 is evidently a bed of
Kansan till with its natural color and contents. Number 3 rep-
resents a stream deposit of sand that was laid down either
during the time of melting of the pre-Kansan ice or in the interval
of the Aftonian interglacial period. Number 2 is a bed of pre-
Kansan drift which presents the characteristic blue color of this
lowest: sheet of till as it appears at other points over the state.
No fossils were preserved from number 1 of the above section
so it is impossible to determine fully the age of the limestone
encountered immediately below the drift at this point. From
the proximity to the exposures of the rocks of Kinderhook age
it would seem probable that these rocks might belong to the basal
portion of that stage. However, the lower members of ‘the Kin-

derhook rocks as they are exposed in Iowa are sandstones or
18 G Rep
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shales rather than limestone and it may be that the strata en-
countered in the well boring belong to the Devonian series.

A well drilled on land owned by T. B. Kepler passes through
a succession of materials similar to the above but the beds of
drift are not so thick. A well drilled on land owned by W. B.

Mitehell in Otter Creek township penetrated the following suc-
cession of beds:

4. Dark coloredsoil........ccooi il 4
3. Yellow clay with bowiders........................ 95
2. Blue clay with bowlders ............. ........ ... 260
1. Bed of sand so full of water that it lifted drilling

tools weighing 500 pounds up 20 or 30 feet, down
tohardrock.....covvvii i 12

This farm lies within the limits of the Kansan drift plain.
In the above record number 4 is a deposit of loess. Numbers 2
and 3 doubtless represent Kansan drift. This drift is usually
a bluish gray color in deep beds and it is very remarkable that
oxidation should have taken place to such an extent as to give
the deposit a yellow color to the depth of ninety-five feet.
In number 1 there occurred numerous pieces of wood two to
three feet in length and ome inch in diameter. The sand also
contained numerous fragments of shells. The bed was doubtless
occupied by the waters of a stream which drained a portion of
this region during the Aftonian interglacial period. The source
of the materials may have been the drift of pre-Kansan age or
possibly the sand may have resulted from the decay of native
sandstone rocks. As will be seen the indurated rocks at this
place are buried beneath a deposit of superficial materials 370
feet in depth. This is the greatest depth which these materials
are known to have attained within the county.

Mr. Mosnat* has shown that in putting down a well, which he
designated as number 98, at Belle Plaine, only about one and one-
half miles from the southeast corner of Tama county, the drill
passed through layers which are essentially as follows:

4. Fine-grained 10€ss....cv.vviveneranriiiinnnnaeenss 15
3. Bluish colored bowlder clay of Kansan age........ 210
2. Gravel and sand of Aftonianage................. S
1. Bed of blue till representing the pre-Kansan drift.. 18

*Mosnat: Iowa Geol. Surv., Vol. IX, p. 537.
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Number 2 is the water-bearing reservoir which is the source
of the water in the flowing welly of the Belle Plaine area. There
.are a number of such wells in the southeast corner of Tama county
and there seems no reasonable doubt that the above section rep-
resents the general arrangement of the superficial materials over
all of the area in which strong flowing wells occur. If this inter-
pretation be correct there is evidence of a sand and gravel bed of
Aftonian age underlain by a bed of pre-Kansan till over quite
an area in the southeastern portion of this county.

It seems probable that the pre-Kansan drift was a thin sheet
which carried an abundance of gravel and that erosion removed
a large part of its materials from the uplands before the incur-
sion of the Kansan ice. At least, we have at some points indubit-
able evidence of an old drift underlying the Kansan and sepa-
rated from it by a bed of water laid materials or an old soil hori-
zon, the line of contact between the two beds being exposed in
the railroad cut described above, while the records of a large
number of wells show just as clearly the Kansan drift immediate-
ly overlying the indurated rocks over the greater portion of the
county.

KANSAN DRIFT.

The area over which the Kansan drift forms the surface till
of the county has been outlined under the discussion of topo-
graphy. The materials of which this drift is composed are very
old. The bowlders which it contains are usually much smaller
than those carried by the Iowan ice. A larger proportion of them
are microcrystalline, dark-colored basic rocks known as greem-
stones. Many of them have been carried along heneath the ice
during a portion of their long journey and present one or more
surfaces that have been beautifully planed and striated. A large
proportion of the light-colored granites are so thoroughly de-
cayed that they crumble at once into small bits when the sur-
rounding clay is removed.

As the Kansan ice sheet with its crushing weight of materials
was pushed down over the old Aftonian surface it gathered up
and carried along with it the most of the pre-Kansan drift that
still remained on the uplands. It also bore onward the geest and
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residuum of the partial decay of the native limestone rocks which
had been accomplished since the retreat of the first ice sheet,
grinding down into the solid ledges and leaving below it a hard.
surface which was planed and striated by the rocks of the ground
moraine as the mass of ice slowly moved along. Such a glaciated
surface exposed for several square feet and overlain by Kansan
drift was seen in a quarry in the north bank of the river near
the Tama and Marshall county line. These calcareous materials
which were gathered up from the rock surfaces became so thor-
oughly mixed through the Kansan till that the entire deposit was
permeated with carbonate of lime. The surface of this sheet
has been so long subjected to the leaching action of the rains and
to the effects produced by the growth and decay of countless
generations of plants, that the lime has been entirely removed
to a depth of two to five feet. The iron also which the drift: con-
tained has been so long exposed to the oxidizing action. of the
atmosphere that to a depth of three or four feet the clay presents
a dark reddish-brown color, instead of its typical bluish-gray, on
account of the ferric oxide which it contains. For several feet
below this red colored zone the clay is usually & yellowish-brown,
grading down. into the unchanged drift sometimes at a depth of
fifteen to twenty feet. Examples of such surfaces of red colored
clay which is thoroughly leached of calcareous matter are ex-
posed in the ravines along the roadside between sections 29 and
30 of Richland township and again along the south side of sec-
tion 17 of Toledo township, and at numerous other points over
the county. In fact, this ig the usual condition of things wher-
ever the Kansan drift is exposed for a few feet below the surface.

So exceedingly old is this sheet of till that its surface was prac-
tically carved as deeply and dissected as thoroughly as it is to-
day before the advent of the Iowan ice. This is evidenced by
the fact that the hills immediately adjacent to the border of the
Towan drift plain, which received deposits of loess and sand dur-
ing the time the Iowan ice prevailed, present a leached and oxi-
dized zone at the line of contact between. the drift of the hill and
the loess or sand which forms its crown. This oxidized zone is
continued well down the flanks of the slopes. The loess and sand
were laid down over a surface which had essentially the present
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erosional features before their deposition, those beds only in-
creasing a little the difference in altitude between the valleys
and the tops of the hills. Over the more deeply loess-covered
regions of the county—and all of the Kansan area is loess cov-
ered—the ravines along the roadsides in multiplied instances re-
veal the old oxidized surface of the Kansan conforming with the
present contour of the hills; the top ofl the loess mantle lying
parallel with and duplicating almost every inequality in the sur-
face of the underlying drift.

The following well records from various points in the county
reveal the till of Kansan age immediately overlying the indurat-
ed rocks.

In section 1 of Toledo township a well on land owned by J. W.
Schooleraft penetrated the layers indicated below:

FEET.
3. Dark colored, fine-grained soil (loess) ............. 3
2, Yellow clay (10€SS) «.vvveninennearinen iineeneaannn 35
1. Blue clay (Kansan) with bowlders down to sand-
SEOD . L.ttt it e e 140

In section 7 of Otter Creek township a well on the farm of
Mr. Elmer Dowd gave the following succession of beds:

FEET
4. Yellowclay, fine-grained (loess).................. 40
3. Blue clay with bowlders (Kansan)................. 175
2, Shale rock (Kinderhosk).............. e 25
1. Hard lmestone .....couvreriiiinenrananrannnns 78

In section 17 of Toledo township a well drilled on the farm
of J. A. Berger shows the following:

FEET.
7.. Soil, fine-grained (loess) ....oovvvnriiviinennnn. 4
6. Yellow clay with gravel and small stones (Kansaa“. 40
5. Blue clay with howlders (Kansan)................. 176
4. Shale ..o i 5
3. Limestone ...........oiiiiiiiii i 20
2. Shale ........ P 160
1. Hard, blue limestone......... ... iiuin, 15

In the town of Chelsea, Salt Creek township, a well on
land owned by J. W. Shaler gives the following record:

FEET.
5. Dark colored soil (alluvivm) ............ ......... 4

4, River deposit of clay, sand and gravel (Recent) .. 33 '

3. Blue clay with bowlders (Kansan)..................148 . M
2. Shale (Kinderhook) ........ e e s e 30 c
1. Limestone, hard (Devodian)...................... 18
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A well in section 29 of Salt Creek township on the farm of
J. P. Wilkson penetrated the following beds:

5. Dark colored soil (alluvium)} ............covn..t. 4
4. Clay, sand and gravel (Recent)................... 30
3. Blue clay with bowlders (Kansan)................. 174
2. Shale (Kinderhook)....-.......ccvviiiviinnnnna... 80
1. Limestone (Devonian) ...cvvevvinreeiiinnnvnn. 84

In section 36, Otter Creek township, a well section on land
owned by N. Blazek is as follows:

5. Soil (alluvium) .......... e 5
4, Water-laid materials (Recen') .. ................. -30
3. Blueclay (Kansan) .... ....ovviieiiiinneennnn... 165
2. Shale (Kinderhook)......ovvvvviinieriirnnnnnn.. 100
1. Hard limestone (Devonian) ................coun... 20

Mr. MceGee gives the following record of a well drilled in
section 13 of Clark township for the Chicago & Northwestern
Railway:

FEET.
4. Yellow clay containiog pebbles (Iowan)........... 12
3. Sand (Inter-Kansan-lowan)....................... 19
2. Blue clay with bowlders Kansan)................. 150
1. Sand (Aftonian)............ ..t 15

The first three of the above records were furnished by the well
driller, Mr. W. H. La Due of Toledo. The three following were
taken from Mr. R. Mosnat’s report on the artesian wells of the
Belle Plaine area* and the last one was taken from W J MoGee’s
Pleistocene History of Northeastern Iowa.+

Gravels.—There are no gravels of Buchanan age known to
occur in Tama county, but on the hill slopes in a few places there
are thin sheets of pebbles and small bowldery overlying the Kan-
san till which simulate deposits of the Buchanan gravels. Pro-
fessor Calvin found at different points in Page county a layer of
gravel conforming to the line of contact between the Kansan till
and the overlying loess.? He has shown that the gravel in these
sheets was originally distributed through that part of the Kan-
san drift which has subsequently been removed by erosion. The
finer clay portion of the till was easily carried away by the waters

* Mosnat: Iowa Geol. Surv., Vol. IX, p. 556

+Mc3ee: Eleventh Ann. Rep. U. 8. Geol. Surv., p. 520.
tCalvin: Iowa Geol. Surv., Vol. XI, pp. 442 and 448.
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which drained the general surface while the pebbles from quite
a thickness of the drift, being too heavy to be carried along by
the surface water, became concentrated in a thin bed by the re-
moval of the finer materials. It is by some similar process that
the thin gravel bed which overlies the Kansan drift along the
roadside between sections 13 and 14 of Highland township and
again between sections 19 and 30 of Howard township was formed.
IOWAN DRIFT. :

The Iowan drift sheet extends over three-fourths of the sur-
face of Tama county. The areas which it covers have been al-
ready described. As a general rule the Towan ice which moved
over the portion south of the river and over the Toledo lobe was
so thin'and the amount of materials which it carried was so small
that in many places the erosional features of the Kansan till
were not greatly modified. To diseriminate between such Towan
areas and those of the less eroded Kansan surface is not always
an easy task. TUsually, however, the Iowan ice left large bowl-
ders of gray granite at more or less frequent intervals on the
surface over which it passed. 'Wherever these appear in the
fields and along the courses of the streams there are topographic
features accompanying them which together constitute quite dis-
tinetive criteria. So constant is the presence of occasional bowl-
ders over the Towan area, even where it left but slight traces in
the topograpby, that its outlines could almost be mapped from
the presence of these fresh granite bowlders in the foundations
of corn cribs and other buildings on the farms over the Iowan
plain. Usually only the smaller ones have been removed from
the cultivated fields.

Adjacent to the larger streams the Iowan surface is well dis-
sected and thoroughly drained. The tributaries, however, are
usually short and they always rise in: broad, ill-drained marshy
slonghs with undefined channels which are utterly unlike the
sharply angular trenches and furrows that form the source of
the streams of the unmodified Kansan drift plain. The hills of
these hybrid regions are slightly lower and present more rounded
outlines than those in the Kansan area. They lack the sharp,
bold contours and abrupt slopes so characteristic of the older
drift surface.
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Fig. 29. Typical marsh in the Jowan drift plain. In such swamps the streams of the area take
their rise.

Over large areas the finer materials of the lowan drift have
been entirely removed. The undisturbed, red-cclored Kansan till,
thoroughly oxidized and deeply leached, that appears at the tops
of the hills and continues well down the slopes, testifies to the
very small amount of ice that has moved over them. Where the
Towan drift is exposed it is of the usuval yellowish color, not.inore
oxidized at the top than at the base of the deposit, and unleached
at the very surface of any of its calcareous constituents.. Small
beds of this drift are frequently seen at the foot of the hills over
the hybrid areas, but care needs always to be exercised in its dis-
crimination, for in color and calcarecus contents this material
resembles the portion of the Kansan drift lying between the thor-
oughly cxidized ferretto zone at the top and the unchanged blue
clay of the deeper portions of the bed. Erosion has frequently
exposed this vellow calcareous Kansan till near the base of the
hills. This older drift, however, carries a larger number of pebbles
and swmall bowlders, a large proportion of which are fine-grained
and dark in color. The bowlders of granite are frequently much
softened and decayed. At several places over the hybrid areas the
yellow Iowan till is seen overlapping the ferretto zone of the Kan-
san, as along the north side of section 35 of Howard townshiyp, be-
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tween sections 23 and 26 of Crystal and between sections 13 and
14 of the township of Highland. Over most of the northern por-
tion of the county the Iowan till presents a level unsculptured
surface which is typical of this recent drift plain. Its youthful-
ness is depicted in every feature of this deposit. The agents of
crosion have scarcely yet begun their work. The constituents
of the till are unchanged at the very top. The granite bowlders
arealmost as fresh and sound as when they left their native
ledges. Every criterion of age attests the recent deposition of
the Towan materials. In comparing the age of the Iowan drift
with that of the Kansan, Professor Calvin says,* ‘‘If it should
be claimed that the {ansan is a hundred times as old as the
lowan, I know of no facts at present that would disprove the
claim. If some one should estimate the age of the Kansan as

Fig. 80. Exposurc of fossiliferous loess in the clay pit of Mr. Bentley, abcut 18 feet in depth.
The view shows the tendancy of this material to stand in vertical walls in excavations. A
slightly lamina ed structure is present near the top.

fifty times as great as that of the Iowan, I should be compelled

to acknowledge that the estimate is very conservative.”” All of

the facts that are presented in Tama county relative to the age

*Calvin: Amerienn Geologist, Docember, 902, p. 33,
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oft the Towan and the Kansan till would support the former of
the comparisons given above.

Loess.—The general relation of the loess to the Iowan and the
Kansan drift sheets in ama county is consistent with its dis-
tribution over the greater portion of Central Iowa near the mar-
gin of the Towan drift plain. Loess forms a mantle at the sur-
face over all of the Kansan area and covers with a thin sheet the
most of the southern portions of the Towan drift. Immediately
adjacent to the Towan border the deposits are deep. The mate-
rials here are largely composed of sand although the occurrence
of beds of the finer loess clay is not infrequent. Over all of the
other loess covered areas the deposit is a very fine-grained, yel-
low colored silt containing ne sand or pebbles and covering alike
the summits, slopes and valleys. At numerous points the beds
of loess attain a depth of fifteen to twenty-five feet. In many of
these deeper deposits the shells of air-breathing univalves are
abundant throughout the entire depth. In such beds the loess
is usually quite calcareous. The segregation of the lime in the
form of small nodules or conecretions, loess-kindchen, along a
line six to eight feet below the surface, occurs in a loess exposure
near Tama in the southern part of section 23 of Tama-township.
These concretions are usually irregular in shape, two or three
inches long and about one inch in diameter of cross section. They
are generally impure, containing much clay material.

Even the deeper deposits of loess seldom: present anything re-
sembling lines of stratification, and when lamination planes are
present they are such as might readily be formed in the deposit
of wind blown materials.

All of the features connected with the deposit of loess in Tama
county are such as might be developed through the agency of the
wind. The presence of the fragile yet unbroken shells of land
mollusks distributed through the entire thickness of the beds
would indicate that each portion of the deposit had successively
been a surface and that the shells were slowly buried by the ac-
cumulation of the materials after the animals that inhabited them
bad died. The fact that the loess mantle does not tend to level
up the surface but duplicates the inequalities of the underlying
drift would strongly suggest that it was laid down by the wind.
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‘The absence of usual stratification planes would be at variance
with what would be expected to result from the sorting action of
water if the materials were laid down by that agency.

Deposits of fine-grained, loess-like beds are forming at the
present time wherever dust-laden winds have their velocity
checked and especially where a carpet off grass or other vegetation
covers the surface in such places so as to retain the dust that falls
upon it. '

Even the deeper beds adjacent to the Iowan border may pos-
gibly have been deposited by the same agent. Professor Calvin
has shown that the materials of the loess of central and southern
Towa were probably derived from the finer constituents of the
Towan drift. The evidences which point to this source of the
loess are its color and composition, its geographical relation to
the Iowan border, and its superposition sometimes on the oxidized

surface of the Kansan till and sometimes on the Iowan.* It
would seem that the condifions during the time the Iowan ice

prevailed would be exceptionally favorable for strong northerly
and westerly winds whose sweepi over the surface of the ice sheet
would be unobstructed by great inequalities of surface or by the
presence of forest areas.. Then, too, the finer loose materials
that were liberated as the general surface of the ice wasted by
melting would be in prime condition to be gathered up and swept
along by the winds. Much of these materials would probably
be laid down around the margin of the ice, but some of the finer
portions might readily be carried far beyond the border of the
ice sheet. It would seem probable, too, that immediately adja-
cent to the Jowan border the waters from the melting ice would
wash some of the sand and finer portions of the drift over the ice
margin. However, the presence of occasional hills of loess, rich
in fossils and the general absence of stratification planes in the
deposits of sand along the moraine would indicate that even in
the deposition of these materials the wind may have had a share.

Post-glacial Deposits—Deposits of the Pleistocene later than
those of the glacial series are found at numerous points over the
county. An accumulation of peat occurs near the southeast cor-
ner of section 24 of Toledo township. This bog was formed by

*Calvin: Jowa Geol. Surv., Vol. VIL p. §0.
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the deposits at the margin of the Toledo lobe of Towan drift. It
originally covered an area seyeral square rods in extent. A thin
stratum of peaty substance can be traced for some distance in
the bank of a stream that has since drained this old marsh. It
is covered by a few inches of soil that has washed down from: the
bordering hills. The peat bed is not of sufficient thickness to be
of commercial value, but it is of interest as recording here a con-
dition of things that has since passed away. It is said that
when some weeds were being burned from this field in the autumn
some years ago, the peat caught fire and continued to burn for
several weeks.

The channels of all of the larger streams of the county are
bordered by a wide belt of alluvium. KExcavations in the flood
plain of the Towa river show about four feet of dark colored, fine-
grained soil at the top, below which is a bed, twenty to thirty-
three feet in thickness, which is composed of yellow clay, sand
and gravel. This bed overlies the bowlder clay of the Kansan
drift.

These deposits record a long interval after the Kansan drift
was laid down in which the land stood higher than at present.
During this period a wide valley was carved inte the Kansun drift
at least thirty feet deeper than the bed of the present river. The
age of the sand and gravel deposit is not definitely known. It
seems probable that the cutting was aceomplished previous to the
lowan ice invasion, and that the subsidence which is thought to
have attended the Towan stage of glaciaticn resulted in the par-
tial filling of the old pre-Iowan valley.

The same history is recorded in the vallevs of all of the larger
creeks of the county. These all flow in wide channels which are
covered with deep deposits of alluvium. The bread bottom of
the Jowa river in Tamea county has an extent of almost one hun-
dred square miles; while the flood plains of the creeks of the
area would aggregate nearly as mueh more. These give to the
county a large proportion of rich alluvial land.
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Unconformities.

After the sediments which constitute the rocks of the Kinder-
hook stage were laid down, an upward movement of the earth’s
crust carried this portion of the state above the sea. During all of
the remainder of the Lower Carboniferous epoch this was a land
surface, subjected to erosion. The Upper Carbonifercus epoch
was initiated by a downward osecillation of the crust that per-
mitted the sandstone of the Des Moines stage to be deposited un-
conformably over the eroded surface of the Kinderhook strata.

The elevation which brought to a close the deposit of the Des
Moines sandstones was 1ollowed by an exceedingly long interval
during which the area that now comprises Tama county was a
land surface. It was probably toward the latter part of this in-
terval that the deep preglacial valleys above described were
carved into the strata of the Carboniferous system. The earliest
ice sheet spread its mantle of drift unconformably over this pre-
glacial surface and the materials of each successive ice sheet were
left unconformably over the eroded surface of the preceding.

Preglacial Surface.

From a study of the well sections and the rock exposures of the
area, it will be seen that the surface of the indurated rocks, be-
fore it was covered by the mantle of till, presented greater ine-
qualities than occur over the area at the present time. The table
of elevations shows that the maximum known difference in alti-
tude between even the most remnote points within the county is
only 267 feet; while the difference in elevation between adjacent
points, as valleys and uplands, scarcely ever exceeds eighty or
ninety feet. The record of a well on the farm of W. B. Mitchell
in Otter Creek township shows that the indurated rocks at that
point are buried beneath 370 feet of superficial materials, while
less than fifteen miles to the westward the indurated rock ledges
cuterop in the bluffs to the top of the hills. The preglacial relief
at points not more than a dozen miles apart was 100 feet greater
than the present maximum difference in altitude of points sep-
arated by the entire length of the county.

There is evidence that the bed of the old river valley whieh
passes beneath the town of Vining and on'té Belle Plaine is at
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least fifty feet deeper where it leaves the county than at the point
in Otter Creek {ownship where it was reached by the Mitchell
well.

There is no doubt that the preglacial surface of Tama county
was carved by the agents of erosion into deep wide valleys which
were bordered by precipitous bluffs three to four hundred feet
in height. This ancient topography must have presented features
which resembled in many respects those of the driftless area at
the present time. The leveling mantle of drift that was left
by the successive ice sheets filled up these deep gorges and ra-
vines so that the tops of the ancient hills are now but rarely seen.

Soils.

The soils of this favored area will always constitute the great-
est source of wealth to the people of Tama county. The type of
soil that occurs over the Towan drift plain is the most distine-
tive and probably the most fertile of any in the county. It is
deep and black, rich in carbonaceous material and contains an
abundance ofl mineral matter in such compounds as can readily
be utilized by growing plants. The surface over this area is
fairly well drained, yet the slopes are not so steep that the soil
becomes rapidly impoverished by the washing effects of licn
rain storms. There is no waste land on the farms, every square
foot of which can be put under the plow. Over Tama county the
Towan ice did not leave so many bowlders as it did over some
other portions of the Towan plain, hence the farmers here enjoy
all of the advantages of the Iowan drift soil without the disad-
vantages that are present over the more thickly bowlder strewn
areas. The handsome, well kept homes and the large commodious
barns which characterize the farms over the Iowan plain atbest
the great productiveness of this recent soil.

Another type of soil is found over the loess covered Kansan
drift portion of the county. The Kansan surface in Tama county
is thoroughly drained: The soil is loose and porous, easily tilled
and never becomes water clogged. Where the land is not too
rolling this soil is dark-colored, rich in organic matter and fairly
productive. On the steeper slopes and over the more or less
sandy ridges which border the Iowan plain the more desirable
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constituents of the soil are constantly removed by erosion so that
the materialg that contribute to the food of plants are not allowed
to accumulate at the surface. When the earliest settlers came
to Jowa they found this area covered with heavy timber. A few
of the primeval trees may still be seen, surviving remnants of
the splendid forests which at one time mantled these hills and
valleys. The presence of a forest over the steeper slopes
prevented the wasting of the soil through rapid erosion and pre-
served as the fertile leaf-mould the products of plant decay that
were formed upon the surface. ‘With the destruction of the for-
ests, however, the chief conservator of soil fertility over these
slopes disappeared. When subjected to constant cultivation they
yield but meagre returns for the labor and expense involved in
the production of the crop. The original forests should never
have been removed from these areas, but where this has been
done if the surface is allowed to become grass covered and the
land devoted to purposes of pasturage the strength of the soil
can be retained and the owner of the land will be assured of a
fair remuneration for all the labor which he expends upon it.

A third type of soil occurs over the flood plains of the prinei-
pal streams of the county. This alluvium is usually underlain
by a bed of sand and gravel which gives it thorough underdrain-
age. It is deep and rich and mellow, containing the cream of the
soil removed from the hills bordering the channel and from the
slopes which are drained by the tributary streams. Where not
too low so as to be in danger of inundation, and where there is
not too large a proportion of sand present, this alluvium is a
very productive soil ranking second to none in ease of cultivation
and general fertility.

ECONOMIC PRODUCTS.

Tama connty is pre-eminently an agricultural distriet. The
products, like the quality of her soils, are rich and varied. An
abundant yield of corn and oats and grass never fails to reward
richly the intelligent tiller of the land. The agricultural possi-
bilities of Tama county are not yet reached and it is in that di-
rection that the people of this fertile area must largely look for
the basis of their prosperity and progress.
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Building Stone.

The total value of the output of building stone in Tama county

for the year 1901 was $325.* The stone suitable for building pur-
poses comes from the Kinderhook stage of the Mississippian
series. As described above, it is limited to a small area in the

middle western portion of the county. Of these rocks the beds
that have been used embrace the odlitie limestone and the are-
naceo-magnesian beds which immediately overlie them. The
ooliteis a weak stone crumbling rapidly when exposed to the air.
When polished it presents a pleasing appearance and if used in
places where it will be protected from the weather it proves a
very satisfactory stone. These oblite layers were especially de-
sired for the making of lime in the days when each locality was
dependent upon its own resources for building materials. There
is but little of this stone used at the present for any purpose.
When the importance of good roads is better appreciated and
permanent road beds come to be built over the area, this oolitic
limestone will be a valuable deposit, easily accessible and pro-
ducing good results when used for road making.

Samples of the oolite from Montour were tested by Mr. Logan
Waller Page of the Road Material Laboratory connected with
the U. S. Department of Agriculture. The results of the test
are given below:

Specific gravity ...... ... e 2.61
Weight in pounds of a cubicfoot ..................... 163.12
Pounds of water absorbed by a cubic foot............. 1.65
Departments coefficient of wear............. ......... 60~.4
French coefficient of wear................ ........... 5.9
Percentage of wear..... ........iiiiiiiiiii i, 79
Cementing value.........c..coiiiiiin i, 129.
Recementing value ,............coviien i, 43.

With regard to the use of this material in the building of roads
Mr. Page says, ‘‘Although this rock has a low coefficient of
wear, its cementing value is so high that excellent results should
be expected on light traffic roads.”’

The magnesian layers of the bed overlying the odlite furnish
a desirable quality of stone for rough foundation purposes. The
material becomes harder after it has been taken from the ledge,

*Beyer: Iowa Geol. Surv., Vol. XII, p. 52.
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the layers are of such thickness as to make them easily worked
and the supply is almost inexhaustible over the very limited
area in which it oceurs.

The demand is local, as the quarries at LeGrand are more ac-
cessible 1o the railroad, making the facilities for shipping stone
much better there than at any point within Tama county. Prac-
tically all of the stone produced in the county comes from these
arenaceo-magnesian layers overlying the oolite. Its value for

use as road material may be judged from: the results of tests made
upon stone from these layers at the Butlerville quarry.

The report of Mr. Page upon this stone is as follows:

Speciflc gravity ..... ..o i e 2.59
Weight in pounds of a cubic foot.................... 162.19
Pounds of water absorbed by a cubic foot............. 3.21
Department’s coefficient of wear...................... 0.
French coefficient of wear .......................cie 1.8
Percentage of wear............c.civiiiuiiiiiiine i, 22.5
Cementing value ............. ...ttt il 22,
Recementing value ..............cociviiiiiiii e 34.

Relative to the above Mr. Page remarks: ‘‘Thig rock has too
low a resistance to wear o warrant its use in macadamizing a
road; but it has the peculiar property of recementing with in-

- creased strength and cught to make a good surfacing material.”’
‘While in Tama county there are no deposits of gravel, which
probably furnish the most desirable product for road making,
yet there are materials suitable for that purpose in abundant
quantities and close at hand. The oolite bed and the hard lLime-
stone layers which immediately overlie the aranacec-magnesian
bed in Tama county, and which are developed in greater thick-
ness at exposures just across the border in Marshall, would, when
crushed, make a good macadam. For surfacing material the
beds that overlie the o6lite would furnish a superior produect in
quantities almost unlimited.

Lime.

A number of years ago lime was burned on quite a large scale
at Butlerville and at Montour. The beds of oolite were especially
desired for that purpose. This limestone yields as good a quality
of lime as can be made from the pure calecium carbonate and the

materials for such a produet occur at the above points in great
17 G Rep
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abundance. However, the lime made from dolomite is superior
in value to the best that can be produced from the lime carbonate
in that it does not yield so readily to the action of the atmos-
phere. It can be kept longer without injury and it sets into
a harder and more durable plaster or mortar. The magnesian
layers, as a general rule, contain too large a proportion of sand
to produce the best results in lime making.

Sand.

Sand suitable for building purposes occurs at a number of
places in Tama county. Large quantities are annually taken
from the sand flats along the bed of the Iowa river. The sand
hills of the Iowan moraine furnish unlimited quantities in the
central portion of the county. Some of the more incoherent lay-
ers of the Kinderhook sandstone would furnish serviceable ma-
terial for plaster if abundant deposits easier of access were not
available.

Clay.

According to the statistics compiled by Professor Beyer on the
Mineral Products of Iowa, the value of the clay products manu-
factured in Tama county for the year 1901 aggregated $63,500.* °
Brick and tile are the only clay produets at present made within
the area. The raw material is furnished mostly by the deposits
of loess and alluvium. Factories are supported at various points
over the county.

Toledo.— A. brick and tile factory owned and operated by John
Wild and son is located just west of town near the Chicago

and Northwestern depot. The plant includes two drying sheds,
48x150 feet and 20x150 feet respectively, with drying space of

12,600 square feet. It is equipped with a thirty horse power Erie
engtine, a J. D. Fate brick machine, with a capacity of 25,000
brick per day, and a tile machine of the same make with a daily
capacity of 10,000 three-inch tile. Various sizes of tile are manu-
factured, ranging from 3 to 8 inches n diameter. There are
two up-draft kilns with a capacity of 180,000 brick, and one down-
draft with a capacity ofl about 55,000. The plant is in operation

*Beyer: Iowa Geol. Surv., Vol, XII. p. 49.
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about nine months of the year, during the greater part of which
time ten men are employed. The most of the brick and tile are
sold to farmers and builders within a radius of eight or ten miles.
The total value of the output of brick per year is about $7,000,
while the value of the tile production is about one-fourth of that
amount. The clay used at this place is a loess alluvium about
eight feet in depth which occurs along the valley of Deer creek.

Tama.—About one mile east of Tama, in the southwest quarter
of section 25 of Tama township, there is a brickyard owned and
operated by C. B. Bentley and son. This factory is equipped
with a forty horse power engine and a Brewer tile and brick ma-
chine with a capacity of 25,000 to 30,000 brick per day. There
are two up-draft kilns, a drying shed 80x100 feet and a machine
building 40x60 feet. This plant is in operation about six months
of the year. The value of the brick output for the year is $6,000

Fig. 31. Typical view of the level Jowan plain in the northern part of Tama county.

to $7,000. The material is mostly sold in Tama and the surround-
ing district within a radius of a few miles. The clay pit is in a
bed of fossiliferous loess about twenty feet in depth which oc-
curs on the north bank of the Towa river.

Gladbrook.—Two large plants for the manufacture of clay pro-
ducts are operated at Gladbrook. The works of the Gladbrook
Pressed Brick and Tile Company are located about one mile west
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of town on the Chicago and Great Western Railroad. The fac-
tory includes a press room 30x40 feet, clay shed 80x120 feet, one
drying room 24x84 feet, two stories provided with steam heat
(and furnishing 20,160 square feet ofi tile space), another 20x80
feet without steam, with drying space of 12,800 square feet, an en-
gine room 40x50 feet and a tile room. 20x24 feet in size. There
-are two Kudaly kilns 14x56 feet, each of which has a capacity of
100,000 brick, and two round kilns 26 feet in diameter with a
brick capacity cf 65,000. The plant is equipped with two slide
valve engines, forty-five and fifteen horse-power respectively,and a
fifty horse-power tubular boiler, an Andrus dry press, a revolving
‘disintegrator, and a Brewer’s tile machine. The daily brick ca-
pacity 1s 18,000 and that of tile three inches in diameter is 8.000
to 10,000. Different sizes of tile -are made running all the way
fiom three to twelve inches in diameter. The works employ
about seventeen men and are in operation ten months of the year.
The ware burns to a deep cherry red color and is of superior
quality. The value of the annual output of brick is $9,750 and
of tile ig $7,000. The products are mostly shipped to varicus
puints 1n Jowa.

The vard of Gelham Brothers Brick Company is about three-
fourths df a mile west of Gladbrook, along the tracks of the Chi-
cago and Great Western Railroad. This plant embraces a press
and engine 1oom, clay shed and brick and kiln shed; an eighty
horse power Stanwood, Houslen and Gamble engine and boiler,
a Boyd dry press and an Albrecht disintegrator. Their daily
capacity of brick is about 18,000. Sixteen men are employed
during about ten months of the year. The value of the annual
produet is about $18,750. The principal market for the brick is
found at home and in neighboring towns at no great distance
away.

Traer—The plant of the Traer Brick and Tile Company is
situated a short distance north of the depot on the Chicago and
Northwestern Railroad. It is owned and operated by Messrs.
Budlong and Gates. The buildings consist of an engine room
and two large drying sheds, which latter have a capacity of 200,-
090 brick at one time. No artificial heat is used in drying the
wares. The equipment of the factory includes one fifty horse
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power Atlas engine and a J. D. Fate stiff mnud machine which
by changing dies and table is used for either brick or tile. There
are two round down draft kilns with a separate capacity of 60,-
000 brick. The standard sizes of tile, three, four, six, eight and
ten inches in diameter, are produced. The plant employs about a
dozen men during nine months of the year. The total value of the:
yearly output of tile is $3,000 and of brick $7,000. Their market.
is chiefly in and about Traer.

Water Supply.

The lowa river furnishes an abundant supply of water to the
area through which it flows. The larger creeks all head in the
marshy sloughs of the Yowan drift plane. These springs dole out:
to the surface streams a supply of water, clear and counstant,
which continues to flow throughout the year. Abundant water
is furnished by shallow wells from the porous beds of the Pleis-
tocene in almost every part of the county. Flowing wells are
obtained by penetrating the gravel bed of Aftonian age which
underlies the Kansan drift along a deep preglacial valley in the
scuthern portion of the area. Sometimes the water supply seems.
16 coare from the indurated rocks adjacent to this bed of gravels.
Tt seems likely, however, that even in such places this porous
deposit is the real source of the accumulation of the water whiclh
probably fell upon the surface some miles to the northward.
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