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INTRODUCTION.

Early in 1867, a reconnoissance of the region lying between
Des Moines, Iowa,and Nebraska City, Nebraska, was undertaken
by Dr. C. A. White, State Geologist of Towa, and Professor F.
B. Meek of the United States Geological Survey. This prelim-
inary survey was made at the instance of Dr. F. V. Hayden for
two purposes: First, to connect the geological formations of
Towa with those in Nebraska, and, second, to trace out the coal
beds in their western extension®*.

Coal measure strata were found to cover the whole area
between the Des Moines and the Missouri, and the conclusion
was reached that the workable beds of coal are confined to the
lower coa) measures. The approximate depth at which they
might be discovered by boring at Nebraska City was specifiedf.
The results of this geological reconnoissance in southwestern
Towa, so far as they pertain to Montgomery county, were pub-
lished by Dr. White in 1868%, but later they were elaborated
and republished in 1870§.

*Final i'lopt. of the U. 8. Geol. Surv. of Nebraska, ete., p. 4. Washington, 1672,

1First Ann. Rept. of the U. 8. Geol. Surv. of the Terrltorles, ete., p. 7. Republished.
Washington, 1673,

#First and Second Ann. Repts. of Progress by tho State Geologist, pp. 63-65. Des Molnes,
1868,

£Geol. of Towa, vol. I, pp. 362-367. 1870,
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At the time of this preliminary work the country was unset-
tled and facilities for such work were meagre, yet notwith-
standing the unfavorable conditions under which the work was
prosecuted the lithological characters and the geological age of
the strata were, so faras general factsareconcerned, accurately
determined, and the correctness of the results has never been
questioned.

Later, Aughey spent considerable time in this field and
arrived at somewhat similar conclusions*. His results are
noted on subsequent pages.

Since the time of the observations mentioned, certain
changes in the conditions of the surface have taken place
which make possible more detailed investigati The grad-
ing for 1a|1roads the changing of water courses, the boring of
deep holes, together with the partial development of some of
the upper beds, afford information which was before unobtain-
able.

SITUATION AND AREA.

Montgomery county lies in the southwestern quarter of the
state. It corners on the southwest with Fremont, itself the
extreme southwestern county. Between Montgomery county
and the Iowa-Missouri line on the south and the Missouri river
on the west, lie 1espectively, Page and Mills counties. The
county is rectangular in shape and has a length of elghteen,
and a width of twenty-four miles.

PHYSIOGRAPHY.
TOPOGRAPHY.

The upland of Montgomery county is a gently undulating
plateau intersected by the rather shallow valleys of the larger
water courses and their tributaries. The surface configuration
is not marked by striking features. The entire district is, with
a few exceptions, under a state of cultivation and only a few
small upland areas which might be designated as unarable
occur. The native forestry is confined almost exclusively to

*Phys. Geog. and Geol. of Neb., p. 165. 18%0.
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the rough bottom along the streams. On the ridges a few
patches of native prairie yet remain.

A profile run in an east and west direction shows a seues of
ridges and valleys lying nearly parallel and having an approxi-
mately north and south trend.

Next to the large streams there exists what is known as the
first bottom, an area which is subject to overflow. Commonly
it is waste land, but its areal extent is insignificent. Beyond
this lowland rises the second bottom. Its general elevation
above water level of the adjacent stream ranges from ten to
thirty feet. It is classed with the first bottom as a terrace or
flood plain. The declivity of the outer terrace is gradual, but
sufficient for ample drainage. The total width of the lowland
varies, ranging from a few hundred yards to perbaps two miles.
It is distributed unequally and irregularly on the sides of the
streams.

Commonly the slopes of the upland proper mergelmperceptl-
bly into the outer margins of the upper flood plain, and the
undulations along these slopes are of more or less régularity.
Higher up, the sides of the ridges grade into the nearly level
prairies or plateau stretches, themselves well drained. In the
northwestern townships these features are less prominent as a
result of the absence of distinct drainage lines and the plesence
of a somewhat different superficial formation,

IYDROGRAPHY.

From what has already been said it is seen that the natural
drainage system of the county is nowhere incomplete. The
accompanying sketch map, figure 46, shows the courses of the
principal waterways and their tributaries. Three streams
traverse the entire length of the county and a fourth flows
from near the northern border through the district. These are
the East Nishnabotna, the West Nodaway, Walnut creek, and
Middle Tarkioriver. These large streams each receive numerous
affluents. All the streams are tortuous. The waters flow first
against the sloping bluffs on one side, then against those of the

opposite, and the lengths of the courses are thus nearly doubled.
283G Rep
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In general the valleys along the larger courses vary but lit-
tle in areal extent and decrease in width but gradually toward
the head waters. The larger streams are confined to channels
not more than 200 or 250 feet in width, and are enclosed by
banks rising ten or twenty feet above low water. They lie not

N2

Figure 46. Sketch map of Montgomery county showing drainage.

wholly in lidated beds, for tant corrasion has cut .
the channels as much as 100 feet below the upper stratified
beds of the adjacent hills.

Concerning the age of these drainage basins there are cer-
tain features which, if considered alone would seem sufficient
to fix the exact date when the work of corrasion began. Com-
bined, the data afford conflicting evidences and render a classi-
fication difficult. In the first place the upland topography is
not of the drift variety. Although present,the thickness of the
drift is not great, and the preglacial cuttings were so deep that
they practically determined the character of the postglacial
relief. Thehard limestones stand well above the water level of
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the streams and bear evidence of erosive action on an extensive
scale. On the other hand the main beds of drift lie in place,
almost exclusively over the upland bedded rocks. Hence, if
ever deposited in the rock-bound valleys the drift has been
later removed or altered beyond recognition as original depos-
its. Those beds which were laid down during the retreat of the
ice after the work of extensive erosion had ceased must be
excepted. Certainly there is evidence pointing to the fact that

_the valleys of the Fast Nishnabotna and of the Nodaways have
been formed either in very early Pleistocene time or in the
later Neocene. At all events they are very old. The smaller
streams doubtless originated as the waters fwm the melting
glaciers began to drain off freely.

HYPSOMETRY.

Little or no attention has been directed toward the relative
altitudes of the various points in Montgomery county. The
minimum elevation above sea level is approximately 960 feet.
It is found at the exit of the East Nishnabotna. The probable
maximum height is in Lincoln township, where the altitudes
range from 1,250 to 1,375 feet above the sea level, and in
extreme cases 800 feet above the base of the nearest valley. It
may be that further eastward, between the valleys of the East
Nishnabotna and West Nodaway river, the altitudes are as
great as in Lincoln.township; for there is a noticable uniform-
ity in the upland elevation. The altitudes of some of the rail-
way points above sea level as given by Gannett, are as follows:
Red Oak, 1,082; Villisca, 1,050; Coburg, 1,004; Hawthorne,
1,056. The slight amount of variation in the respective alti-
tudes of the points mentioned is explained by thefact that they
are all situated in or near the valleys.

STRATIGRAPHY.
General Geological Structure.

The unstratified rocks of Montgomery county belong to the
Carboniferous and to the Cretaceous, while the unconsoli-
dated materials above these belong to the Pleistocene. Along
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the water courses and some of their more important tributaries
the bedded rocks crop out with sufficient frequency to afford
some insight into the geological structure of the region. It is
important, however, on account of the limited number ‘of
exposures and the distances respectively between them, to con-
sider each outcrop somewhat carefully and critically. In addi-,
tion, each boring must be studied; and conclusions must be
drawn, not from individual secti but from a pilation of
all the information obtainable either in Montgomery county or
in neighboring areas.

- "OLASSIFICATION OF FORMATIONS,

The following table indicates the divisions and the relations
of the formations occurring in the county:

GROUP. SYSTEM. SERIES. STAGE. SUB-STAGE.
Alluvium.,
Cenozoic. |  Pleistocene. Loess.
Till.
Mesozoic. Cretaceous, Upper. Dakota, Nishnabotna.
Paleozoic.| Carboniferous. Upper. Missouri.

General Vertical Section—The exposed beds of Montgomery
county have an aggregate thickness approximating 200 feet.
This includes a thickness of perhaps seventy feet of unconsoli-
dated beds. The perpendicular ts given in plate
x are not secured at a single point, but represent the com-
bined thickness of the beds occurring above the lowest elevation
within the district.
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GENERAL SECTION OF GEOLOGICAL FORMATIONS IN MONTGOMERY COUNTY.






COAL MEASURES.

General  Cross-Section.—To further
illustrate the relations of the several for-
mations on the county figure 47 is in-
serted. With the exaggerated, vertical
scale the principal features are fully
brought out; the profiles and unconformi-
ties are shown. The section extends
from the northeastern corner of the
county, through Red Oak to the Mills-
Montgomery line. The coal seam near
Milford appears to dip westwardly and at
the same time becomes thinner. The
upper six-inch seam, described in subse-
quent pages, dips similarly and must pass
into bituminous shale, possibly before
the center of the area is reached.

Geological Formations.

CARBONIFEROUS.
‘UPPER CARBONIFEROUS OR COAL MEASURES.

MISSOURI STAGE—UPPER COAL MEASURES.

The lowest rocks having surface ex-
posures in the county belong to the Car-
boniferous system. They extend over
the district, but are covered in part by
the Cretaceous beds. Only the upper
coal measures, or Missouri stage, is repre-
sented. It is the top rock of the low-
lands and sometimes lies next to the
drift in the hills. The measures can be
traced almost the entire length of the
county, both along the West Nodaway
and the East Nishnabotna riversand may
be recognized along Walnut creek in the
west-central and southern portions in
the banks of Tarkio in the south-central,
and of Middle Nodaway in the east-
central, near the eastern boundary of the
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county. These exposures have perpendicular faces of from one
or two, to thirty feet. - Generally only a few ledges are visible.
Genéral Characters—The formation has been'roughly eroded
and its upper surface is furrowed with deep channels and
depressions. A profile of this surface would be badly broken.
The limestones withstand the action of weathering to a greater
degree than the clay shales which are so characteristic of the
same geological horizon farther east. Considering’ only the
natural exposures in Montgomery county limestones seem to
predominate, although argillaceous beds do occur in consider-
able thickness. However, a reference to the records of the
deep holes which have been drilled in this, as well as in adjoin-
ing counties, shows the respective thickness of the limestones
and shales to be just the reverse of what is the case in the
greater number of the exposures. To illustrate the conditions
mentioned a number of sections will be here inserted.

DESCRIPTION OF TYPICAL SECTIONS.

Stennett Quarry—The following sequence is shown at the
W. Stennett quarry on the Red Oak and Griswold branch rail-
road, just north of Stennett:

FEET.  INCHES.
12. Soil and loess.
1. Clay, residuary, red to brown in color
10. Limestone, weathered. '
9. Shale, argill
L hard -
. Shale, clayey, buff to grey
Limestone, earthy, in part ocherous..
Lis shaly.
. Limestone, impure, earthy.
. Limestone, hard, sub-crystalline
Limestone, contains much dark chert.
1. Limestone, in thin layers

4

o~ oo

@~

o 00 €0

6

* Number 8 is perhaps the most prominent ledge on either
side of the river in -this vicinity. Its character is persistent
and being always a single ledge it serves well asa guide in con-
necting sections.

Fate Quarry—Atthe Fdte quarry (Tp.73 N,, R.XXXVIII W.,
sec. 26, Se. qr., Ne. 4) which lies across the river from Sten-
nett, the prevalence of the hard beds is noticeable. Plate xi
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IOWA GEOLOGICAL SURVEY.

TYPICAL EXPOSURE OF THE MISSOURI STAGE OF THE COAL MEASURES; FATE QUARRY, STENNETT.
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shows the present quarry. The exposure at the old quarry is
described as follows:
FEET. INCHES.

16. Limestone fragments in residuary clay ._... H [
15. Shale, 6
14. Limestone, grayish, fine-textured. 1 7
13. Shale, avgil buff to grey 3 1
12. Limestone, carthy, flinty in upper part.__.. 1 2
1. Li texture coarse. 1
10. Limestone, upper two feet hard, lower part
earthy and bearing cher 2 8

9. Clay, buff ._

8. Limest, ““blue 8
7. Limestone, +-inch ledge, chert in upper part 1 7
6. Limest: 4

5. Shale argil impure 2
4. Limestone, two ledges, both with chert..__ 2 2
3. Limest, dark grey, soft 1 5
2. Limestone, ** blue” 1 5
1. Shale, - 1 6

Numbers 1 to 5 are not now exposed, but are known to
<oceur as given, and the first of these is said to extend to the
water of the river. At the mill a short distance down the
stream it is seen resting on a bituminous shale. This shale is
-again shown in a sharp ravine about a quarter of a mile south-
ward, and here the thickness is measured as sixteen inches.
Along Pilot branch near the center of section 26, to the west of
‘Stennett quarry, it is more than three feet thick and overlies
two feet of shaly limestone which in turn rests on & hard fossil-
.iferous limerock. The bituminous vein at this point is per-
haps eight feet above the river, and in the ravine mentioned its
elevation is about the same; indicating conclusively that the
strata in this section have an appreciable dip to the north.

Fox Quarry.—Just a quarter of a mile north from the north-
east corner of Montgomery county there is another good
-exposure of coal measure strata. This is at the Fox quarry on
‘the south bank of the West Nodaway. The order of the beds

is as follows:
FEET. INCHES.
11. Limest and clay. 2
10." Shale,
9. Limestone, two ledges; calcite lined cavi-
ties 3 7
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FEET. INCHES.
8. Shale, ilif 1
1. Limestone, sub-crystalline ... 1 1
6. Shnle, -
5. b
4.
6

3. dark grey, 9
2. Shale, upper two-thirds red to grey; lower

portion brown to black, laminated_ 2 1

1. Limestone (partly exposed)

The base of this section is probably twenty feet above the
river at this point.

Smith and Fisher Quarries—Near Milford in the extreme
northeast portion of the county, the Carboniferous consists
almost entirely of limestone in ledges from a few inches to
more than three feet in thickness. Combining the outcrops
shown at the Smith and the Fisher quarries, which are on
opposite sides of the river, the following sequence is secured:

FEET. INCHES.

Limestone, one ledg
Li shaly.

awo

6.
5.
4.
3.
2.
1

e 19 Ot

1

Milford Milldam.—At the milldam at Milford there are
shown:

FEET. INCHES.
6. Sml drift and weathered limestone._...__.._ 9
5. rather coarse 1 ‘9
4 Shale, 2
3. Limestone, greyish-brown with calcite-

lined cavities . 8

2. Shale, dark grey..
L Li 1 u
From these detailed sections the . lithological characters of
the uppermost rocks of the Missouri stage in the northeastern
quarter of the county are shown to be in general quite similar
to those noticeable in the. central region.
Walnut Creek: Scction.—In the northwest quarter of Mont-
gomery there are no Carboniferous rocks in sight; the post-
glacial drainage not having cut through the drift. The most
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northwestern outcrop is along Walnut creek (Tp. 72 N., R.
XXXIX W, sec. 1, Ne. qr.,, Se. }). The order of the division is-
here given:

FEET. INCHES.
6. Loess 3
5. Limestone, weathered into thin layers..._. 5
4. Limestone, grey to buff 1 8
3. Limestone, thin layers 7
2. Limestone, twoledges.. ...._...._...._.__. 1 2
1. Limest *Dblue” 1 3

Shales are here absent unless concealed by debris.

Climax Quarry.—Not far from the old village of Climax,.
at the extreme southwest, at the crossing of Walnut creek and
the north line of section 30 of West township, a predominance-
of the softer strata is noticeable. The section runs as follows::

FEET. INCHES.

. Soil, boulder clay and sand....
Limestone, very fine-textured
Shale, in part caleareous
Shnle, argillaceous.
t earthy
Shnle, Aark grey_ oo
it earthy.

In the south-central portion, along the banks of the Tarkio,.
both north and south of the Montgomery-Page county line, the
coal measures are represented by limestones rather than argil-
laceous materials. Such is also the case at Corning, ten miles
east of Montgomery county. The limestones here have a.
total thickness of twelve feet. The bottom of the exposure is
nearly on a level with the water in the East Nodaway river.

Summarizing the characteristics of the Upper Carboniferous
beds in Montgomery county it may be said that sandstones are
practically absent; shales occur in thin beds and limestones
are prominent.

DESCRIPTION OF DEEP DRILL HOLES.

Since the visit of White and Meek* to this region deep drill-
ing has been carried on at many points in search of coal or -
water. When expecting to find coal it has been customary to
rely upon the theoretical estimates given by the authors men-
tioned. These attempts to locate coal scams have by no means

+1. §. Geol. Surv. of Territorles, 1367, 183, 1869. p. 7. 1873,

ERE e
1 0
o
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dlways resulted successfully. The churn, or slush drill has
usually been employed and the records obtainable are not so
satisfactory as where the core drill is used; yet it is not impos-
sible to get an idea of the character of the strata from the
churnings carefully preserved. It does not seem advisable to
draw absolute conclusions from such data as to the thickness of
a particular stratum, and at all times it is necessary that an
allowance be made for inaccuracies liable to arise from a lack
of care in the determination of the thickness a,nd characters of
each bed passed through. -

From time totimeholeshave been putdown in varioussections
of Montgomery county. These have varied in depth from that
of the common surface well to 650 feet. The deepest borings
have been prosecuted at Red Oak and Villisca.

Red Oak Drilling.—The record here given presents a some-
what condensed section of the Red Oak deep prospect hole*.

FEET. INCHES.
45. Loess 30
44. Sand, and davkshales............_.__.___. 40
43. 3
42. Shale, marly above, indurated below ...... 21
41, Shale, siliceous above, marly below ... 99

oo

39. Shale. Aark oo

31, Shnle,
36. Limestone, earthy.

3. L grey.

82. Shale

31, Limest, impure P

30. Shale, gray above, black at bottom_.__.__.

29, in thin ledges

28. Shale, thin indurated layers in upper part 10 6
Li 1

5
3
1
5
8
34. Shale, argil blue 4 -
i 3
6
2
3
3

Limestone more or less shaly.._........._. 25
Li

26.

25,

24, Shale, argill
23. Limest

22. Shale, siliceous, dark
21 L

* Hist. Mont. Co. p. 422. 1881,
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.. Limestone, grey._.
. Shale, siliceous above, cl:

. Limestone, grey
. Shale, vari

TYPICAL SECTIONS.

FEET.

. Shale, grey below, upper four feet bitum-

EXCE-RR~]

tone, impure._

Slmlo
Limest:

8

. Shale, argillaceous above, calcareous and

sandy below.

Limest

. Shale, siliceousabove. ....___..___________ I

Shale
Limest marly partings.

2
T
Shale, argi 3
Li 1
4
5

. Shale, calcareous, clayey and variegated in

lower part
imestone, impure, grey 14

. Shale 19

Limest 3

INCHES.,

6

® o

397

Numbers 42, 43 and 44 of the above section are probably
Cretaceous beds and all below these numbers certainly belong
to the Missouri stage.

Rosacrantz Prospect Hole—A deep hole was put down in Tp.
78 N., R. XXXVI W, sec. 31, Nw. qr,, Se. 1, to a depth of 230
feet. Carboniferous rocks were reached ninety feet below the
surface under seventy feet of Cretaceous and twenty feetfof

Pleistocene.

record preserved is as follows:

weoeNnmed

e

. Soil, loess und boulder clay.

friable._.
Shale, il grey
Limest
Shale, 1
Coal 6
. Shale, argillaceous, grey to dark.._.__..._ 1

Shale and limestone in alternate layers

usually from 3 to 12 inches thick -
Shale, bituminous..............._.
Limestone (not entered)

INCHES.

This is known as the Rosacrantz drilling. The
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McCracken Decp Drilling.—In this same neighborhood, in
“Tp. 75 N., R. XXXVII W,, sec. 36, Nw. qr., Ne. 1, another hole
was bored in search of coal. The surface of the ground ab this
point is perhaps fifteen feet above a small tributary of Seven
Mile creek. The section furnished of the McCracken drilling is
here inserted.

-

e T

. Soil and loess.
. Boulder clay and sand. - 10
Clay, silicious. yellow - 65
Limestone ...
. Shale, light to dark grey -3
Limestone: . -

Coal' ...
. Shale, indurated in part. -

Limest

. Coal and shale, bituminous

At this place the Carboniferous rocks lie next to the drift,
“the Cretaceous having been completely eroded. Number
1 was given as from two and one-half to four feet thick, and
made up of coal, but other evidence would go to show thata
-considerable part of it is nothing more than bituminous shale,
and that the coal is the Nodaway vein, of which mention will
be made. '

Villisca Prospect Hole—No account was kept of the mate-
rials passed through in the well put down near Villisca (Tp. 71
N., R. XXXVI W, sec. 26, Ne. qr., Sw. }) until the depth of 428
feet was reached. After that the following strata were met

“with:

FEET.
10. Shale, h i d 62
. Shale, indurated, light in color.._._._..._.___ IO 1

Shale, bi fissile in part - 13
. Coal and fissile black shale .-
Fire clay and shale ..____._.. eeee 16

[ Tk ]

Shale, argi 14
. Shale with thin limestone ledges ... 39
Shale, dark, colored, hard.... 4
. Limestone ........... -3
. Shale, dark 22

In this portion of the hole practically nothing but shales
were el\]countered. :
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The records presented show the character of the strata met
with in sinking the principal drill holes in Montgomery county.
Other shallower holes have been drilled, but the results show
no conditions different from those displayed in the foregoing.
They all show shales alternating with limestones, the shales in
all cases predominating.

Considering these records as approximately correct there is
nothing which would indicate that the upper coal measures
have in any instance been passed through. The stratigraphic
and lithological features are just such as mark the formation
elsewhere.

STRATIGRAPHIC FEATURES.

The earlier estimates of White and Meek are known to be
more or less in error. In their reports on the region in question
it was claimed that the upper and so-called middle coal
measures of Iowa had an aggregate thickness of about 400
feet, a thickness less than the depth reached by some of the
drill holes mentioned. These authors thought that the pro-
ductive measures should be encounted in southwestern Iowa
and points adjacent, at depths not to exceed 300 to 500 feet
below the water level of the Missouri river at the southwest
corner of Jowa. This level has an altitude of 907 feet above
tide. The elevation of the East Nishnabotna at Red Oak is
only about 100 feet above the plane. The same is true of the
Nodaway at Villisca.

Supposing the Carboniferous strata in southwestern Iowa to
be practically horizontal then it would not be necessary to go
down more than the extreme estimate, 600 feet below the sur-
face, at either Red Oak or Villisca before the lower coal meas-
ures would be reached. On the other hand it has been deter-
mined that the Paleozoic beds in this district are not level,
but have a general dip towards the southwest. If the rate of
decline be taken at the conservative and commonly accepted
amount, ten feet per mile, the strata found at the surface at
Red Oak, for instance, would be approximately 250 feet below
water level at Nebraska City, which is about thirty-five miles
distant. Assuming then this slope as actually existing, the
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depth to the lower coal measures at Red Oak would not exceed
250 feet, still basing the conclusions upon the White-Meek esti-
mates at the Missouri river.

The altitude of the top of the lower coal measures at Des
Moines is about 850 feet higher than sea level. Low water
mark at Red Oak is about 1,000 feet above the same datum.
Hence, allowing the same dip to the strata for the lineal dis-
tance between the two points, which is ninety-five miles, a per-
pendicular measurement of 1,100 feet would necessarily have to
be gone through before the Des Moines rocks would be reached.
This thickness would consist of nearly 1,000 feet of the upper
coal measures, or Missouri stage with the remainder made up
of the so-called middle coal measure now regarded provision-
ally as a part of the Des Moines stage*.

At Glenwood, Mills county, about twenty-five miles du'ect.ly
west of Red Oak, the corrected elevation of the railroad track
is 980 feet above sea level. Several years ago, in the north-
western part of Glenwood at an elevation of 152 feet above the
track, a well 2,000 feet deep was bored in search for water,
Samples of the drillings were carefully taken and preserved by
S. Dean. The section will not be inserted in full, but since
what is true of the formation here applies equally to the lower
rocks of Montgomery county, certain noticeable pointsbrought
out in the record may be mentioned. The recent examination
of the drillings suggests a number of conclusions which differ
very materially from those offered by Callt.

The base of the upper coal measures was put by Call at 817.
feet from the surface. There is surely no sufficient reason for-
such a statement. The strata for a great distance below this
limit are evidently not different in general character from
those of the individual rocks which lie above. Beds of argillac-
eous shales alternating with layers of limestone extend to a
depth of more than 1,400 feet below the surface. It would be
more natural and consistent to set the limit of the upper meas-
ure in this drill hole at a depth of about 1,500 feet, and concede:

*lowa Geo). Surv., vol. If, p.120, 1834,
. tProe. !DWI‘, Acad. Scl, vol. T, pt. i1, pp. 60-63. Des Molnes, 1892,
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the lower 500 feet to the Des Moines stage. A careful examin-
ation of the drillings below the upper coal measures as thus
limited results in the finding of very fine-grained white to yel-
low sandstone with an ional layer of clay shales.
Such materials extend to the bottom of the hole.

In Cass county, at Atlantie, thirty miles northeast of Red
Oak, a well was bored to a depth of more than 1,300 feet.
Down to 1,100 feet the rocks passed through consisted almost
exclusively of the shales and limestone which are characteristic
of the upper coal measures. Below that depth the materials
were just such as appeared in the lowest 500 feet of the Glen-
wood well. The elevation at the Atlantic well is just a little
above that of the surface at Glenwood. If the dip of the
strata toward the southwest as given above is correct, this var-
iation in the depth at which the sandrock formation was
reached at the two localities would nearly be explained, the
distance between the points being thirty miles.

Near Clarinda, twenty-five miles southeast of Red Oak, at
an elevation of approximately 1,020 feet above sea level a well
1,002 feet deep was put down in the effort to ascertain if thick
coal veins were present. It wasshown that below the drift the
entire thickness was almost wholly of shales and limestones.

-Here also it would appear that the upper coal measures were

not passed through. X

Prospecting has also been carried on at Shenandoah, twenty
miles nearly south of the county seat of Montgomery county.
A hole was bored 700 feet deep passing through shales and
limestones only. At the Iowa school for the deaf near Council
Bluffs, an 800-foot drill hole disclosed mainly argill
shales and hard limestones.

Results from investigations at other points might be given
but with the data from the Red Oak and Villisca deep holes, in
Montgomery county, and from several localities on the different
sides of the district the structure is pretty well shown. These
records, taken to depths of from 500 to 2,000 feet, reveal the
character of the underground beds and counting upon the
data as in a manner accurate the following conclusions are
drawn: (1) The combined thickness of the divisions of the

20G Rep
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upper Carboniferous in Montgomery county is in the neighbor-
hood of 2,000 feet. (2.) The upper coal measures have a
thickness in the same region of from 1,400 to 1,500 feet.

Broadhead,* in support of a similar opinion, records the
upper coal measures in Atchison, the northwest county of Mis-
souri, as more than 1,100 feet, and the upper Carboniferous as
1,900 feet in thickness. The estimate for the upper division has
more recently been corroborated by Winslow.}

After briefly reviewing the Iowa-Nebraska coal field and the
work of Meek and White in that territory together with that
of Broadhead in Missouri, Aughey argues that the lower coal
measures beds might be reached at any locality along the river
from Omaha to Plattsmouth at the depth of from 800 to 900
feet below the surface.t The information already given would
certainly tend to prove that this opinion is not well founded.

BITUMINOUS DEPOSITS.

The position of Montgomery county, as well as of the entire
southwest section of Iowa, with respect to points at which the
mining of heavier veins of coal is carried on, is such as to make
the finding of coal within the district very desirable. Pros-
_pecting has been p ted in a number of localities with
widely varying results. These investigations were, as a rule,
made at a time when the stratigraphic features of the coal
measures were not understood; at a time when the horizontal
and vertical extent of coal beds was counted upon as persist-
ent through great belts of the formation.

In opposition to this view, Keyes§ suggests the conditions .
existing in other fields as equally prevalent in the Iowa meas-
ures. That is, instead of the one or two or three coal strata
persistent throughout a large area, there are numerous separate
beds which are disposed in lenticular basins of varying areal
extent. This idea has later been accepted by Winslow( and
has again been treated more fully by Keyes¥. Hence because

*# Iron Ores and Coal Fields, Geo). Sur. of Mo., pt. ii., pp. 6and %, 1873,

4 Prelim. Rep. on Coal, Mo, Geol. Sur., p. 23. 1891,

#Phys. Geog. and Geol. of Nebraska, p. 166. 1380,

£American Geologlst, vol. X, p. 401, 1883,

1Ann. Rep. Geol. Sur. of Ark. for 1888. Prelim. Rept.on Coal, Mo. Geol. Surv., pp. 37-38. 189
“Coal Deposits, lowa Geol. Surv., vol 1T, p. 155, pl. xilL. 18%4.
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heavy coal veins exist in certain sections, it is not to be inferred
that corresponding veins will be found everywhere at the same
horizon.

Lithological Character—Past investigations have failed to
reveal the presence of heavy coal seams within the limits
of Montgomery county. The attempt to locate coal beds of
the lower coal measures has not been successful. If such veins
do occur there is no evidence whatever pointing to the presence
of any such thicknesses as are found in the same geological
formation in central and southeastern Towa and Missouri. In
order to best understand the stratigraphic position and thick-
ness of the bituminous layers within Montgomery, the informa-
tion afforded by the drill records in the county itself and in
neighboring counties wherein coal has been reported, must be
considered. But before doing this, reference will be made to
the known occurrences of coal seams in the county under
immediate consideration.

On the south bank of Williams branch (Tp. 78 N, R.
XXXVI W, sec. 1, Se. qr., Sw. 1) at the extreme northeast sec-
tion of Montgomery county, a coal vein was discovered and
mined about thirty years ago. The thickness of the layer
varied from eighteen to twenty-two inches. White mentioned
this oceurrence but was inclined to treat it as one of little con-
sequence and did not anticipate its becoming of any particular
economic value*,

FEET. INCHES.

251 { S 3
: Shale, dark colored.........._.__ 2
. Limestone, impure, compact. 3
. Coal.. 1 8

. Fire clay.ccocoomomaomaaaieas 2

Westrope mine.

*Iowa Geol. Surv., First and Sec, Ann. Reports, p. 63. 183
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The latter development, however, was quite considerable in
extent. Not only has the vein been mined at this point but at
numerous others of which mention will be made hereafter.
The appearance of this coal along the Nodaway river has given
to the vein the name of Nodaway.

At the special locality referred to in the corner of Mont-
gomery there are no good exposures of the vein or of the
associated strata. The section.shown in figure 4 represents the
beds as they appeared at the time mining was in progress.

At Briscoe, three miles eastward, in Adams county, the
Nodaway vein is mined from thrée or four shafts. The rocks at
the localities in this immediate vicinity are similar to those
formerly exposed on William’s branch. The sequence as occur-
ring dt one of these shafts,the Plowman, is represented in figure
5. The uppermost twenty-five feet of material is drift.

FEET. INCHES.

7. Shale, gray, clayey.........._- 2
6. Limestone, gray._...._.._...._ 1
5. Coaleoo oo 1 4
4. Shale, finely laminated, bitu-

minous ... — 3
3. Fire Clay.. 1 6

2. Limestone, thin bedded.
o . Shale, sandy in part_._........ 1
Figure 49. Coal bed in Plowman shaft; Briscoe.

There are still other localities in- Adams, Page, and Taylor
counties where mining of this very persistent vein has been
carried on for a period of several years. At Eureka and Carbon,
between Villisca and Hawleyville, near New Market, near
Shambaugh, and near Clarinda, coal mining is to-day an indus-
try of considerable importance. From two to eight slopes or
shafts are now operated in each locality.

Further southward this Nodaway coal was found outcrop-
cropping two miles north of the Iowa-Missouri line and Broad-
head traces it to a point about fifteen miles into Missouri*.
T+ Tron Ores and Coal Fields, Mo, Geol. Sur., pp. 394-308. 1872

-
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The altitudes at the different places nearly correspond with that
of the Nodaway river at the point least remote from the known
occurrence.

From Briscoe to Quitman the lineal distance is approxi-
mately sixty miles. East of the line connecting these two points,
except as already mentioned, there is no probability of the coal
vein extending for any great distance. Limestones soon pre-
dominate and but rarely are the accompaning shales of much
consequence. West of the line mentioned the presence of the
vein is claimed at numerous points. In Tp. 72 N, R. XXXVI
W, sec. 83, Ne. qr., Se. 1, coal was reported in a bored well
ab eighty feet from the surface. However, much credence is
not put in this report since development, once begun, was given
up before such a seam was reached.

In Page county (Tp. 70 N, R. XXXVIII W, sec. 24) at a
point four miles south of Montgomery, a seam of coal supposed
to be the Nodaway has been found, though with slightly less
thickness than elsewhere. The only entirely certain occur-
rence of coal within Montgomery is the one mentioned in the
northeast corner of the county. In all likelihood, however,
this vein underlies at a greater or less depth a large portion of
the district. In fact the eastern half, excepting possibly the
region immediately adjacent to Villisca where erosion has been
greater, likely bears the Nodaway vein within nogreat distance
from the surface. It may be that in some instances the actual
thickness of the coal is considerably less than the maximum
found near Milford. It would seem that undulations exist in
this region with the direction of the axis almost parallel to the
direction of the generally supposed dip of the rocks. The
trough of one of these undulations would cross somewhere in
the western portion of Montgomery county.

Tt might be well to insert additional data relative to the
Nodaway- coal which has been under consideration. From
what has been definitely shown it will be seen that this seam
extends under a greater territory than does any other yet found
within Iowa, and the possibilities of finding it under a still
laxger area, especially westward and southward, seems favor-
able.
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In the western part of Fremont county the cropping out of
a ten-inch vein of coal at an elevation of perhaps sixty feet
above the Missouri bottoms is recorded by White*. He consid-
ered this to be an extension of the Nodaway coal, but in order
to establish this fact additional field work is required. How-
ever, in case such proves to be a fact it may yet be practicable
to connect the strata with the coal vein, which Meek describes
as existing in Nemaha, Ote and Cass counties in Nebraska.
Otherwise the Fremont exposure and those in Nebraska are
probably- of the same horizon, both wholly different from the
Nodaway vein. About twenty miles in a northeasterly direc-
tion from the northeast corner of Montgomery county, at a
depth of 262 feet, a coal seam with a thickness of from twenty
to thirty-five inches has recently been discovered}. In litho-
logical character the strata overlying the coal at this point do
not wholly conform to the features of the beds over the Noda-
way seam.

Through a comparison of the relative thickness of the coal
as shown in these several localities a more or less persistent and
regular attenuation southwestward is noticeable.

The limited amount of attention given to the occurrences in
southwestern Inwa does not allow the drawing of exact con-
clusiops as to geographical extent and the continuity of the
individual layers nor to their relative position. Careful field
study over a large region is necessary. The estimates and
theories are not offered as final settl t of the questi
There are weighty points in their favor and it is believed the
suggestions may be relied upon.

As yet but the single vein of coal has been encountered
above the water level in Montg 'y county. Occasional out-
croppings of black fissile shale, locally known as “coal blossom,”
give rise to the reports of additional seams.

In almost every record of deep drill holes in southwestern
Towa and adjacent fields coal is indicated. The distance of the
strata from the surface of the ground ranges from a few feet to

*Am. Jour. Sci,, (2), XLIV, p.20. 1867,
+lowa Geol. Surv., vol. II, p. 412 1804
v
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900 or 1,000; the thickness of the vein is given from a mere
trace to five feet.

There stand out in this connection, two probable sources of
error: (l.) Determination of the nature of the materials; (2.)
Determination of the thickness of the individual heds. Errors
from either of these sources are of common occurrence and usu-
ally arise from lack of care or non-appreciation of the impor-
tance of accurate work. The errors most probable which per-
tain to the lithological character are made up through the
inability of persons in charge to distinguish limestone from
sandstone or bituminous shale from coal. These mistakes have
so often occurred that it is safe to believe that in certain
instances where coal has been reported in the record, there was
in reality nothing more than bituminousshale. A study of the
surface rocks and of the reliable drill records confirms this
belief, The tendency is naturally towards recognizing shale as
coal. Hence, in the consideration of the reported existence of
coal at the various localities, too much reliance must not be
placed on the accuracy of records.

In the 560-foot prospect hole at Red Oak (see page 896) no
coal was reported. Another hole, the Bolt and Crockett, was
bored in section 82, south of Red Oak, and an eight-inch vein
of coal was said to have been struck at a depth of about 100
feet. The elevation at the top of the hole is perhaps ten feet
above the river at this point. Only a partial record of another
drill hole at Red Oak, at a point probably thirty feet above
the elevation of the Nishnabotna was obtainable. More than
one coal vein was said to have been passed through at depths
between 200 and 300 feet. The greatest thickness of any of
these was given as sixteen inches.

Upon comparison of the records a great diversity in the
character of the strata at the three localities is evident. In
the first case the hole was deepest but no coal was struck;
in the last, only a few hundred feet distant, several veins were
encountered. It is not improbable that shaly layers in the
latter were mistaken for coal.

*History Montg. County, p. 420. 1881.
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About two miles northeast of Red Oak is the Stockslager
well, 125 feet deep. A few inches of coal are reported as occur-
ring just under several feet of black shale at a depth of about
ninety feet.

In Douglas, the northeastern township, in the sinking of
the Rosacrantz prospect hole (see page 397) a six-inch vein of
good coal was reported at a depth of 160 feet from the surface;
none lower down. Westward, a little over a mile into Pilot
Grove township, the McCracken boring recorded this same six-
inch vein of coal at nearly 140 feet and another seam, doubt-
less the Nodaway, at a depth of 230 feet. The thickness of
the latter was given positively as thirty inches. The McCracken
drilling was started at an elevation somewhat less than that at
the Rosacrantz and this explains the difference in the depth to
the upper vein at the two localities as well as the appearance of
the heavier vein in the one and not in the other. Other deep
holes should discover this thicker vein. .

The Lenz drilling was done in Tp. 78 N., R. XXX VI W, sec.
5, Ne. qr., Nw 1.- At 114 feet below the surface or eighty feet
below the water of Rose creek, a seam of coal eight to twelve
inches thick was met with. This is doubtless an attenuated
portion of the Nodaway coal. Again near the southern
boundary of Montgomery county (Tp. 71 N, R. XXXVII W,
sec. 33, Sw. qr., Ne. 1), in prospecting for coal, J. W. Donaldson
of Stanton, claims to have struck a thin vein, probably the
Nodaway. This same vein is exposed at the abandoned Lin-
quist mine about five miles southwest, in Page county.

Other reported occurrences of this seam or of other seams
of coal in Montgomery county might here be recognized but
‘more the accurate results of the drillings have been recorded
already and these are deemed sufficient to indicate that while
the presence of coal is evident the particular occurrences can
not be satisfactorily correlated.

CALCAREOUS BEDS.

The structure of the calcareous layers of the upper Carbon-
iferous of Montgomery county has been already referred to in
an incidental but general way in the discussion of the common
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character of the measures asa whole. A more specific refer-
ence is scarcely necessary.

As has been shown, limestones made up the greater propor-
tion of the upper or exposed rock, but the deep drilling has
revealed that the shales predominate lower. In the general lime-
stone formation the material separating the individual ledges
usually has a thickness of bub an inch or so, rarely so much as a
foot. The thinuner partings are themselves decidedly calcareous
and are designated, where noted in the sections as marls. They
may or may not bear fossils. Some of the partings have many
species of shells in great abundance. In no case are these argillo-
calcareous layers of economic value.

The limestones may be arranged in three divisions, classed
lithologically. (1) Finely to coarsely textured, compact, and
brittle; fossiliferous or non-fossiliferous. (2) Finely textured,
resembling number one but bearing chert. (3.) Earthy. The
first and second classes make up nearly the entire calcareous
division. They occur in weathered ledges frome one or two, to
as many as forty inches in thickness. Asa rule they bear fos-
sils, but the extent to which they ave fossiliferous varies
greatly. In some of the ledges, such as are seen at the Sten- .
nett quarries and eastward, the characteristic species are so
abundant and persistent as to enable the same strata to be
traced for great distances merely thiough the recognition of the
prevailing fossil forms.

The various ledges of limestone may be used for different

- purposes. The weathered, the thin, and the softer beds are
adapted for road material, ballast or rubble. Others answer for
rough masonry or for interior walls. The more solid, evenly
textured rock is used for outside walls, sills, steps and for orna-
mental work. Some ledges that seem hard and compact when
taken from the quarry are affected to such an extent by
.changing: conditions or temperature and moisture as to make
them almost valueless for outer constructional purposes. The
greater number of the solid heavy beds of limestone arestrong,
durable, are easily dressed and admit of a superior finish. The
heavier ledges which show no tendency to fracture, are used
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extensively as piers, abutments and foundations for bridge-
work and for milldams in the larger streams.

Chemical analyses of the limestones have not as yet been
made, and the exact percentage of the carbonate contained is.
not known. The composition of the rocks is certainly such as
to warrant their use in the manufacture of lime. Yearsagoa
white lime was burned at a number of localities within Mont-
gomery county. In quality the product is said to have been
gooa' ARGILLACEOUS MATERIAL.

The clays of the upper Carboniferous are elsewhere in the-
state of great value and are utilized in the manufacture of var-
ious kinds of wares including pottery, sewer-pipe, drain tile, fire-
brick and different grades of structural brick. They belong,
for the most part, to the lower coal measures, a formation
characterized by great abundance of argillaceous material. The-
upper division covering southwestern Iowa, also contains clay
shales of similar quality. They occur in beds from a few feet
to nearly one hundred feet thick, and are found generally dis--
tributed throughout the formation.

It happens that all of the known heavier beds which occur
within the limits of Montgomery lie almost invariably at a
considerable distance below the surface. Just over the lime-
stone ledge which rests on the coal of the northeastern quarter:
of the county there occurs a bed of light grey or “blue” shale
which is decidedly argillaceous and plastic. Its extreme thick-
ness is about one hundred feet. This amount was shown ab
Briscoe, in Adams county, three or four miles east of the north-
east corner of Montgomery. Here ninety-two feet of this.
“shell soapstone” was passed through in putting down the new
Miller shaft, and it is not improbable that prior to the glacial-
erosion, this thickness was considerablyin excess of what is now
presented. The drift detritus now restsdirectly upon the shale.
Unfortunately no railroad line passes across this immediate
region. Transportation facilities are consequently meager;
otherwise the eighteen-inch coal vein, once developed near
Milford, would be again opened, and the overlying shale
would be put to a number of economic uses. At present, none:
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of the heavier clays, those employed for making pavers and
other strong articles, are utilized at any point in southwestern
Towa, northwestern Missouri or eastern Nebraska. The field
for trade is great, while there is a strong demand, competition
in the sale of the greater number of clay products is not close.
Recent excavations along the river at Villisca has shown the
existence there of several shale beds, some of which are quite
suitable for the manufacture of the ordinary products. One or
two of the beds ab this point abound in calcite fossils which
render the deposits valueless. In addition to the beds men-
tioned it may be important to notice the few bands and layers
of argillaceons materials found separating limestone ledges.
Near Stennett these thinner clay strata are very common in
occurrence. The thickness of the individual beds range from a
few inches to several feet, but in no place is the quantity suffi-
cient-to make the deposit of any particular use.

The presence of iron pyrites in crystal form, disseminated
throughout the body of the shale bed, is not so common in the
upper division as nearer the base of the coal measures. Pyrites,
however, appear in small quantities, and there are also hard
_ concretions of calcareous substances, but neither of these

impurities occur to such an extent as to make the use of the
clays in manufacturing unadvisable or to make the product
poor, or unprofitable. The sinking of the shafts to such depths
as would be necessary to reach workable coal measure shales,
would not be advisable nor should the mining of the ordinary
deep clays be undertaken unless in connection with the work-
ing of a coal seam.

ARENACEOUS DEPOSITS.

The arenaceous beds of the coal measures in Montgomery
county are of little consequence, since true sandstone appears
above surface at no point and sustains no well defined position
in the borings. Where reported the sandstone was soft, some-
times micaceous and more or less clayey. The appearance of
the hard siliceous beds of the Missouri stage was marked but
once in the records of any of the deep drill holes put down at
Red Oak, Villisca or any of the country localities.
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CRETACEOUS.

In reviewing the structure of the county White* set down
as Cretaceous certain sandstones found along the East Nishna-
botna, and placed the southern boundary of these beds at the
county seat, Red Oak. Only sandstones, or friable grits, were
at that time referred to the Cretaceous, and other beds found
exposed were left unclassified. It is now possible, however, to
extend the formation so as to cover a large portion of the dis-
bnct southward as well as east.waxd into Page and Adams
pectively. The exist of these sandstores in
Montgomery county west of the East Nishnabotna can not be
affirmed with certainty, as no exposures of the measures appear
within these limits. Just over the line in the northeastern
corner of Mills county there are outcrops, and within Mont-
gomery the records of drillings indicate the existence of the
Cretaceous over the coal measures in the uplands both west and
east of the Nishnabotna. In brief, the Cretaceous may be said -
‘to lie immediately beneath the glacial covering over almost the
entire highlands of the area. It would in only a few instances
extend to and make up the bed rock of some of the larger
streams, as these have almost invariably cut through the soft
sandstone down into the harder upper Carboniferous strata.

T

NISHNABOTNA SANDSTONE.
(pAROTA?)

FEatent—To certain arenaceous deposits in southwestern
Towa White gave the name Nishnabotna sandstone. = This
sandstone is best developed along or near the East Nishnabotna
river. These arenaceous beds were the only deposits of the
region that were recognized as Cretaceous.

Cretaceous outliers have also been found in other counties
to the north and northeast. These are doubtless of the same
age as those in Montgomery county and were probably at one
time connected not only with one another, but also with the
beds along the Nishnabotna river. The Mills and Pottawat-
tamie outliers are therefore but areas isolated from the general
deposit through erosion.

"> Geol. of Tows, Vol.T, p.363. 1870.
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In addition to the friable sandstones in Montgomery county
there are beds of an entirely different character which are now
classed as Cretaceous. There appears at the top of the forma-
tion a pudding-stone conglomerate which is prominent, but less
persistent than the nearly homogeneous sandrock. The mica-
ceous and the clean clay shales, so well exposed at Red Oak, are
evidently Cretaceous in age.

‘White took the deposit of brown massive sandstone south-
east of Lewis, Cass county, as the rock presenting the typical
features of the Nishnabotna sandstone. While no doubt a part
of the formation, in lithological character, it is very unlike the
formation at other points, being darker in color and more
thoroughly indurated. False-bedding prominent in the beds
elsewhere is not a feature of the Lewis rock.

. Age—The lusion that these sandst; are of Cret;
age is supported by Meek’s discovery of leaves and imprints in
the rock at Red Oak*, and by the finding of similar impressions
in the development of the quarries at Lewis.

A comparison of the lithology of the Lewis stone with
that of the formation at Ellsworth county, Kansas, reveals the
facts that the rocks in the two states are very nearly related if
not of the same horizon. The Kansas locality furnishes
numerous fossil leaves and many are of the same species as
those present in the beds of southwestern Iowa. The Kansas
rocks have been provisionally referred to the Dakota forma-
tion.

In Iowa the formation hitherto recognized as Dakota is
exposed mainly in the vicinity of Sioux City. It consists of
hard impure sandstone interbedded with irregular and usually
heavy bands of argillaceous shales. Some of the sandstone
layers are divided into shapeless ferruginous masses and these
commonly contain plant remains. Lower in the measures
more friable and shaly layers also contain poorly preserved
specimens of leaves.

The shales at Red Oak, to which reference will subsequently be
made, may be taken as the onlyknown extensive deposit of Cre-
taceous clays within thissection of Towa. Calvin{has explained

*Am. Jour. Scl, (), vol. XLLV, p. 119. 1867.
+Towa Geol. Surv., T, First Ann. Rep., pp. 167-14¢, 183
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how the several divisions of the Cretaceous in Woodbury and
Plymouth ties became d ited in a

raneously, and carrying out tlus theory Keyes in reviewing
the geological formations of Towa, says: “If the Nishnabotna
is Cretaceous it may be the equivalent either of the Wood-
bury shales (Benton and Dakota) or of the Niobrara chalk.”
Lithologically the Nishnabotna is entirely unlike the Niobrara
nor does it resemble the nearest known Benton. Its affinities,
lithologically,are with the Dakota. Likethe Dakota itisa mar-
ginal deposit and may have been laid down along the shore
while either the Benton or the Niobrara were accumulating in
the deeper parts of the Cretaceous sea.

The Cretaceous outliers are neither more persistent nor
more extensive along the East Nishnabotna than along the sev-
eral forks of the Raccoon. Since, however, the name Nishna-
botna sandstone has already been applied, it does not seem
advisable to change it until the correlation above suggested is
verified, or until definite specific relations can be fixed.

The general character of the Cretaceous formation is dis-
played in figure 53, which was taken at the bluff just east of
Coburg, at the south line of the county. The general cross-
bedded character is presented and over the softer fine grained
and pebbly sandstones the hard ferruginous pudding-stone
stands out in some relief.

DESCRIPTION OF TYPICAL SECTIONS.

Sherman Township—About half way between Elliott and
Stennett, perhaps one hundred yards east of the Red Oak—Gris-
wold branch of the Chicago, Burlington & Quincy railroad, lies
one of the most northern exposures of Cretaceous in Mont-
gomery county. This is the abandoned Crandall quarry. In
taking out the limestone it was necessary to remove a small
amount of stripping, and in doing so several feet of weathered
sandstone, doubtless Cretaceous, were exposed. This exposure
was perhaps thirty feet above the river to the east. The prin-
-cipal outcrop, however, in this neighborhood is in the central
portion of section 26 about one and one-half miles south of
the Crandall quarry. The following section is shown.
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FEET. INCHES.

4

3. Shale, bituminous. coaly below 3 4

2. Limestone, impure, earthy

. . 1. Limestone, hard._._.

Figure30. Upper Carbonifer-

ous and Cretaceous atSten-
nett.

Number 4, of this section is of Cretaceous age. It is a soft,
slightly coherent sandstone, orange to white in color. Num-
bers 1, 2 and 3 belong to the upper coal measures. Number 1
is partly exposed, extending beneath the surface of the water.
Not more than fifty feet or so up Pilot branch the Cretaceous
sandstone is thirty feet thick extending even below the level of
the water. The Carboniferous beds do not here appear, indi-
-cating the deposition of the sandrock at this point in an eroded
-channel or in a depression in the coal measures. The sand-
stone is found outeropping along Pilot branch, perhaps a third
-of amile. Beyond that point it is concealed by debris.

Near the top of the ridge, about one mile southeastward
from the branch outcrop is located the Miller well, 223 feet
-deep. After passing through 117 feet of loess and boulder clay,
-Cretaceous sandstone was penetrated and found to extend to
the bottom of the drilling. Between the point where the well
is situated and the southern I dary of the township, beds
of Cretaceous from five to forty feet thickappear. They consist
.of sands partly indurated, and in these are found lenticular
pockets of very pure light grey ordrab clays. They are especially
noticeable a few feet above the stream near by. The pockets
vary from two to ten inches in perpendicular diameter and are
.commonly less than eighteen inchesin horizontal extent. Con-
tact between the sandstone and the underlying coal measures is
.shown only at the point just mentioned.
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Near the southwest corner of section 13 of Sherman town-
ship, at the Powell spring, there is a bed of soft, light-colored
sandstone exposed for a thickness of fifteen feet. The top of
the sandstone is doubtless a considerable distance above but is
concealed by drift debris.

Red Oak Township—Sandstone such as noted in the southern
potrion of Sherman township can be traced southward intosection
2, Ne. qr, E. §. At this point the height of the bluff is perhaps
forty feet. White describes* a hed of clay at the base of the
sandstone which likewise is probably Cretaceous, but at present.
this material is not uncovered.

At Red Oak and in its immediate vicinity the development
of Cretaceous beds is quite extensive and the variety exhibited
here is greater than at any other point. Towards the summit
of the hills within the town the deposits, as shown in street
grades, consist almost exclusively of bright yellow clays, very
arenaceous. In the cut along the Chicago, Burlington & Quincy
railroad in the southeastern portion of the town there are ten
feet of rather fine light greyish to chrome yellow in color, par-
tially indurated sandstone. "Just above this on the slope, for a
height of nearly one hundred feet, the same soft sandrock was
found; but at this point it contains numerous clay shale pockets
of varying dimensions. These have beer excavated and the
clay utilized in the manufacture of pottery. On the lower side
of the railroad, beds of argillaceous shale witha total thickness
of from three to eight feet are displayed. Sandstone is inter-
stratified in the upper portion, while under the clay there is a
more thoroughly indurated sand deposit.

Further eastward along the railroad in thesouthwest corner
of section 27 there are incoherent Cret: sands iated
with which are one or two layers of pebbles. The figure here
given represents the several kinds of materials found here and
at the clay bank of the Cook brick works situated just beyond
the track to tho north.

Sandstone predominates in the section given, and -at “sand
spring” in the northernedge of section 33 an eighteen foot
deposit of light colored cross-bedded sandstone is shown.

*First and Second Ann. Rep. of State Geologist, p. 61. 1863.
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Along the roadside to the west large blocks of the dark stone
often covering the Cretaceous in this county, occur well towards
the top of the hill.

FEET.

13. Loess 1

12, Drift 1

11, Shale, Brown, impure - 2

10. Shale, grey to yellow......__ 5
9. Sandslone,ycllo\v withlimon-

yors - 1

8. Shnle. light grey, clean - 3%
7. Sandstone, with limonite

Iayers . e 31

. 6. Sandstone, in part shaly..... 4

5. Sandstone, dark brown ...... 8

Sandstone, soft below, streaks
of limonite disseminated . 9

[3 Sandstone, \ancgaled, con-
==  cretionsof sandy limonite
= and pockets of clay shale. 1
2 Snndstanc, wuh pebbles in
10Wer part v ceeeeeaeon 13

5]

1. Sandstone, \ar)lng in color
and texture. .. --ocooooee

scetion through
at Red Oak. N

}
Figure5l. Vert
the Cretaceon
Another-outcrop is seen at the mill (sec. 32, Sw. qr., Ne. 1)

wherethe Cretaceous extends tolow water mark and rests uncon-
formably on hard coal measure strata. The Cretaceous beds,
beginning with the lowest, are as follows: (1.) Eight feet of
very micaceous, sandy, vari-colored shale; (2.) Micaceous, sandy
shale with hard sandstone bands, thickness five feet; (3.) Six
feet of impure, shaly, micaceous material more or less argilla-
ceous; (4.) Seventeen feet of shaly clay, vari-colored, rather pure.
30 G Rep
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Higher the measures are concealed by a few feet of driftabove
which is loess partly exposed for some distance up the slope.
Grant Township—About half a mile easb of the Red Oak and
the Nebraska City branch of the Chicago, Burlington & Quincy
railroad (Tp. 71 N., R. XXXVIII W, sec. 17, Nw. gr., E.3) Cre-
taceous rocks are indicated by the contrast in topography.
From this locality southward to the extreme southern boundary
of Grant township the low land of the flood plain of the East
Nishnabotna ends absolutely, and rather steep slopes, made up
of Cretaceous beds, stand out prominently. The shallow ravines,
elsewhere unimportant and few in number, are here sharper in
cross-section and occur at frequent intervals. At the most
northern point of this series of exposures the vertical extent
displayed is about sixty feet. There is a deposit of fine buff to

Figure 5. C) by p

white and yellow sandstone, quite fiiable, thirty feet thick.
Over this are twenty feet of a rather coarse and darker stone of
similar character, but interbedded with it are thin bands of
sand cemented by siliceous limonite. The upper division of the
exposure consists of alternating layers of coarse sand and
siliceous pebbles imbedded"in a limonite or a siliceous clay
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matrix. The upper half is almost exclusively pebbles. The
limit of the beds here is not disclosed, but the hill, at the foot
of which the exposure stands out, rises perhapssixty feet higher
than the top of the outcrop itself, and it seems quite probable
that the total thickness of the Cretaccous is almost one hundred
feet. Deposits similar to the one just described are recognized
southward for a distance of about three miles. The elevation
of the outcrops ranges from thirty to fifty feet above the valley,
The hard pudding-stone which constitutes the topmost division,
is disclosed, but the softer sandstone below is covered with
washed materials.

Figures3. Typical exposure of the Cretaceous;: Coburg, Montgamery county.

At Coburg, about 800 yards east of the track the combined
section is as follows:

5. Loess 12
4. Conglomerate or pudding-stone with hard limonite
and clays as matrix; thickness variable .. 9
3. Gravel and sand in alternate cross-bedded I; 3
2. Gravel and sand—very coarse 2
1. Sandand gravel; light colored; variably cross-bedded 18
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The bluff here is pictured in the accompanying figure 53, the
pudding-stone standing out in some relief in the upper portion.

Carboniferous limestone has been quarried about a quarter
of a mile south of Coburg at an elevation of perhaps ten feet
above the base of the section shown. About half way between
this exposure and the location of that in section 17, a bed of
very plastic red and grey shale clay, with a total exposed thick-
ness of eight feet was developed, at the railroad grade. This
bed corresponds with onealong the track further north (sec. 32,
Sw. gr., Se. ) where there are nearly ten feet of red to brown
more or less impure clays. The base of these clays is certainly
not more than ten feet above the coal measure limestone
which is exposed near the river at this point. :

These Cretaceous clays constitute the impervious layer
which determines the line of springs at the base of the sand-
stone. It seems, therefore, probable that while being decidedly
variable, ranging in character from hard silico-micaceous
shale to homogeneous, comparatively pure clay, that these
shales are more widely distributed than has been supposed, and
constitute the base of the Cretaceous throughout a large area
of Montgomery county. Being heavily covered with drift their
presence is rarely disclosed.

Exposures in this township remote from the East Nishna-
botna are encountered at a number of points. In the north-
eastern quarter of section 20, along a fork of Ramp creek and a
small branch entering this stream from the east, the outcrops
consist of incoherent sands and fine gravels forming an extreme
thickness of twelve feet. Along the south boundary line of the
county, in the southeastern quarter of section 33, there appears
a bed of massive light colored sandstone, twenty feet thick,
which forms the bank of another fork of Ramp creek. On the
hill to the north a well was sunk and this same rock was met
at a depth of forty feet. This is at an elevation considerably
above the top of the bank at the creek. Across in Page county
there are outerops on the slope several feet above the stream.

‘With one exception® the rocks here along the Page-Mont-
gomery line represent the most southern known exposure of

*Proc. owa Acad. of Scl., vol. I, Part ir., pp. $H43. 1894,
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Cretaceous strata in Towa. White placed the limit at Red Oak,
but further investigation has resulted in finding the ferruginous
pudding-stone, which in most instances marks the presence of
the Cretaceous, south of Red Oak along the county road about
one mile east of Essex.

Washington Township.—The only definitely recognized Cre-
taceous within this township lies near the center of section 21,
just southward of the West Nodaway, perhaps thirty feet above
low water. It consists of soft sand deposits with a vertical
exposure of only seven feet. In color it is yellow to dark
brown. Loose fragments of very dark siliceous limonite, such
as overlies the measures elsewhere in the county are not uncom-
mon.

Above the branch in section 27, Sw. qr, Sw. 1, there is
shown a few feet of yellowish clay which is very plastic and
contains but very little impurity. This clay is in all proba-
bility of Cretaceous age.

Across the county line in Adams county limited exposures
of Cretaceous are exhibited along the roadside between sections
19 and 20 also 16 and 17 in township 72, range XXXV. Inthese
localities the measures are recognized by the slabs of hard,
brown, iron-stained sandstone and lighter shades of the softer
rock of unknown thickness. The uplands between the West
and Middle Nodaway in at least northeastern Montgomery
county and northwestern Adams are for the most part under-
lain by the Cretaceous rocks. Heretofore they were not recog-
nized south of the small outliersin the south-central portion of
Cass county.

Between the exposures mentioned in the vicinity of the .
Bast Nishnabotna in the western half of Montgomery county,
and those between the two Nodaways in the extreme western
section, the actual existence of rocks of the same age is not
commonly shown by natural exposures. There is one excep-
tion. It is located about eighteen feet above a small stream in
Tp.78 N, R. XXXVI W, sec. 29, Sw. qr,, Ne. {. Here greyand
red sandy clay and sand with disseminated siliceous limonite
fragments, are displayed in an imperfect outcrop. However, in
the Rosacrantz prospect hole already mentioned, beds of
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Cretaceous sandstone were penetrated, and combining this fact
with the conditious on all sides it is safe to assert that the dis-
trict between the Nodaways is underlain by a considerable
thickness of Cretaceous. Above it is the rather heavy covering
of drift; below it is the upper Carboniferous.

LITHOLOGICAL FEATURES.

Reviewing the descriptions just detailed it will be seen that
the general character of the deposits varies greatly at different
stratigraphic levels. Even at the same level the characteristics
are not persistent for any great horizontal distance.

Arenaceous Deposits—The only rock at all similar to the
brown stone which has been quarried near Lewis, occurs-asa
covering from one to fourteen inches thick over the light-
colored more friable sandstones. This mantle, however, is
harder and more ferruginous than the quarry stone at Lewis.
.In some insbances it changes gradually into the lower stone,
but ordinarily the thin covering weathers fres. For the most
part the Cretaceous of Montgomery is an arenaceous formation.
Near Red Oak and at Coburg the sand beds are heterogeneous,
certain layers being more or less pebbly. Here current bed-
ding is a prominent feature. At the “sand spring” just south
of Red Oak, the twelve foot exposure bears near its central por-
tion a layer two feet thick which is decidedly cross-bedded,
while above and below, the lines of deposition are nearly hori-- -
izontal. Towards Stennett the measures are much like the
arenaceous deposits in the vicinity of Red Oak except that at
Stennett the color is bright yellow to orange.

_ Conglomerate Materials—From Red Oak southward to
Coburg the most noticeable stone of Cretaceous age is the pud-
ding-stone. Non-siliceous limonite is the cementing material.
This conglomerate usnally oceurs in ledges from two to fifteen
inches thick, and may or may not be false-bedded. At Coburg,

. also in the northwest quarter of section 17, two miles north-

ward, this stone exhibits very matked cross-bedding, and under

it lies the soft sandstone itself even more irregularly stratified.
Shale Beds—The micaceous sandy shales which occur with
very considerable thickness at the Keystone mill below the
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county seat, are the only beds of such character yet recognized
south of the principal Iowa Cretaceous at and near Sioux City.

For a number of years the argillaceous seams at Red Oak
have been utilized in the manufacture of clay products. In char-
acter these shales vary somewhat from the smooth, homogen-
eous, very plastic—not gummy, to the more siliceous beds
locally known as fire clay. In this latter case the siliceous
material is not commonly disseminated throughout the strati-
fied clay beds, but appears as partings separating the nearly
pure argillaceous bands. The silica occurs as microscopic
grains. The pure clay is by no means gritless, but in the pro-
duction of common pottery the silica is in such minute grains
as not to be injurious. Other imperfectly exposed Cretaceous
clays occur at two or three points along the track north of
Coburg. They do not possess the shaly character of the Red
QOak clays nor are they so free from ferruginous and arenace-
ous matter.

Lenticular masses of clays such as occur in the clay bank at
Red Oal, are found in smaller bodies disseminated through the
soft sands in the banks of the stream in the northern edge of
the town and in the southern part of Sherman township.

FLORA.

Remains of plants are very abundant in different beds of the
Dakota at Sioux City and Sargent Bluff. Where best pre-
served the leaves lie in a dark red to brown ferruginous sand-
stone. Leaves have also been observed in the brown stone at
Lewis. Reference has already been made to Meek’s discovery
of specimens of exogenous leaves in the sandstone at Red Oak.
The beds in which these were discovered have not been worked
for any purpose and no other record of the presence of vegeta-
ble remains has been made. The identity of the Cretaceous
flora of Montgomery and Cass counties, with that of northwest-
ern Towa, and of Ellsworth county, Kansas, has already been
suggested. From the very nature of the Dakota sandstone the
complete preservation of delicate foliage could scarcely be
expected.
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FAUNA.

The Cretaceous formation of Montgomery county is marked
by extravagant current-bedding characteristic of marginal
deposits. Animal remains, if they occur at all, are likely to be
found only in the finer argillaceous beds, but an examination of -
these beds at Red Oak has not resulted in the finding of any
animal fossils whatever. In the pudding-stone formation near
Coburg occasional fragments of coral, and now and then some
other imperfect fossil species have been discovered. These,
however, have no significance, since they were derived from the
same source as the associated pebbles and have no relation to
Cretaceous faunas.

TOTAL THICKNESS.

At the Milnerwell (Tp. 78 N., R. XXX VIII W, sec. 35, Ne.qr.,
Se. 1) the Cretaceous was reached at 118 feet and extended to
223 feet beneath the surface. At that depth the measures were
not completely passed through. Estimating the surface of the

.ground to be about two hundred feet above the bed of Pilot
branch a short distance northward, it is evident that the coal
measures would be reached but a few feet lower; making the
vertical extent of the Cretaceous here about 115 feet.

Near Red Oak the total thickness is perhaps as great, but the
beds are composed of different materials; sandstones, clays and
‘micaceous sandy shales. Farther southward the contact of the
Cretaceous with the underlying strata is not shown, but near
Coburg and two miles northward the actually connected
exposures are from thirty to sixty feet high. Beyond the top of
the outerops thehillrisesto a considerableheight. The extreme

_thickness at any selected locality may be placed at 125 feet and
the total thickness of the measures within the county between
150 and 175 feet.

PLEISTOCENE.

The unconsolidated surface materials in Montgomery county
are composed of the following: 1. Glacial deposits. 2. Loess.
8. Alluvium. These may all be included under Pleistocene.
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LOWER TILL.

The true glacial deposits of the county are referred to the
lower till. Although decidedly variable in character, this
formation may be separated into two general divisions, blue
boulder clay and yellow boulder clay. The former lies uncon-
formably upon the stratified beds of the Cretaceous or upper
Carboniferous and is not commonly exposed. It consists in the
_ main, of a bluish grey clay. The upper partis a tough plastic
variety, not very sandy yet bearing a percentage of hoth fine
and coarse siliceous matter. It carries calcareous particles and
concretions which vary in size from minute specks to irregular
masses two or three inches across. The lower or more truly
blue clay is homogeneous, and being siliceous lacks much of the
plasticity common to that clay above it. Impurities such as
lime are less abundant in the true blue clay. Exposures of this
lowerdriftareby no means numerous. Occasionally, in excava-
tions and in newly washed banks, a few feet of it are shown.
The base of thelower till is made up of quicksandand finegravels
commonly free from argillaceous matter.

In the sinking or driving of shallow or surface wells, this
purer clay is passed through and the underlying sand and gravel
serve as the water-bearing strata. Water-worn boulders are
distributed to some extent throughout the upper part of the
blue till.

The common yellow drift clay overlies the blue division. It
consists of a clay, yellow to green and brown in color, in which
concretions of lime, pebbles and small boulders of siliceous
rocks are freely disseminated. The texture of the yellow
boulder clay is not unlike that of the lower blue clay except for
the presence of pebbles and boulders. The boulders are mostly
granites of varied hues. Schists, quartzite, diabase and other
varieties of rock are not of uncommeon occurrence.

‘Where but thinly covered the upper portion of the till has
been modified by percolating waters until now the calcareous
concretions have been dissolved and a partial or total disinte-
gration of the contained granitic rocks has taken place. These
altered deposits, besides being freed of much of their impurities



426 GEOLOGY OF MONTGOMERY COUNTY.

become thinner and distinctly jointed, which latter structure is
more evident as the clay becomes completely dried.

In addition to the regular yellow boulder clay there are in
the till limited deposits of coarse sand, in part argillaceous and
completely iron-stained. Surface boulders are by no means
common. There are a few points, however, especially in the
northwestern portion of the county, where the surface shows
pebbles and small boulders. Again, at intervals along -the
principal drainage courses boulders several feet across are seen.
These bave fallen from corraded banks. In character these
rocks are not unlike those contained in the regular boulder
clays. :

The total vertical extent of the drift is not brought out
except in deep borings, and from these the variation in thick-
ness is found to be considerable. In the southwestern part of
Douglas township the depth to the Carboniferous rocks, as
shown in the Rosacrantz and McCracken deep drillings
amounted respectively to ninety and one hundred feet. This
latter thickness was entirely of Pleistocene and only the upper
twenty feet of the Rosacrantz was of the unconsolidated beds.
In the Davis well (Tp. 72 N., R. XXXIX W, sec. 8, Sw. qr.,, Sw.
1) about three miles and a quarter northwest of Hawthorne, no
stratified beds have been reached at 120 feet from the surface,
and here all except the upper twenty feet consist of yellow and
blue boulder clay, in part gravelly. It may be that in the high-
est points in Lincoln township the thickness of the drift mantle
will prove to be in some cases more than 160 feet. In the edge
of Cass county the boring of several wells proved the depth to
the bottom of the till to range between 80 and 110 feet, with
overlying loess usually not more than 15 feet.

In the central and southern tiers of townships the drift
mantle has a thickness of from twenty to sixty feet. Where
the coal measures occupy an unusally high position the cover-
ing is mainly of loess and is not more than ten feet thick. On
the other hand a few localities in this portion of the county
show drift extending to the surface. The irregular and
unequal erosion of both the Carboniferous and Cretaceous beds
has in turn left a corresponding roughness in the under surface
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of the drift. This, together with the varying thicknesses due
to its own irregular deposition has resunlted in the variation in
the thickness of the till which is now so noticeable.

LOESS.

For the greater part the entive upland of the county is
covered with loess. The western boundary of Montgomery
is approximately twenty-five miles east of the Missouri river,
along which bluffs and knobs composed nearly entirely of loess
rise to heights from 100 to 200 feet above the water level.
However, this formation so heavy here, attenuates very rapidly
eastward so that over Montgomery county its extreme thick-
ness is perhaps thirty-five feet and its average scarcely more
than four or five feet. Over limited areas there is a marked
absence of true loess. In other rather broad stretches it is
altered .to such a degree that it is impossible definitely to place
theline of contact with the under till. In character the forma-
tion is variable. The heavier deposits have lost some of the feat-
ures which characterize typical loess. The color is nearly similar,
but its texture has been so altered that instead of the massive,
porous variety there is commonly a jointed more plastic clay.
The homogeneity of any particular division is retained.
Throughout the great loess bed of western Iowa and elsewhere
hard lime concretions, known as loess-kindchen, are dissemi-
nated in patches at irregular intervals. If such ever existed
in the deposit in Montgomery county they have been dissolved
out by percolating waters. Loess shells, so abundant in the
heavy beds, are not known to be present in Montgomery
county.

ALLUVIUM.

Valleys with widths varying from a few yards to nearly two
miles border the East Nishnabotna, the West and Middle Noda-
way rivers, and the Middle Tarkio and Walnut creeks. These
constitute the flood plain area of the county. The larger
streams flow in the wider valleys. A distinction between
the first and second bottoms has already been made. The
former is more properly an alluvial deposit. Superficially it
consists of a grey to black silty material which grades downward
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into a mixture of siliceous clay and sands. The so-called sec-
ond bottom extends from the most recent flood plains to the
base of the hills. The upper fifteen inches are perceptibly col-
ored by decayed vegetable matter.

The make-up of the lower portion of the second bottom is
disclosed in dug wells and along the streams. Its constitution
is not constant. Evidently the materials originated in part
from the Cretaceous measures, severed and redeposited without
any great breaking up of the mass and in part from a redeposi-
tion of the till and loess which has washed from the slopes.
The thickness of the alluvial deposits varies somewhat with
the irregunlarities in the surface upon which the washed mater-
ials were laid down. The upper surface is usually nearly
smooth with slope sufficient for ample drainage. Next to
some of the smaller water courses the alluvial fields are in dis-
connected patches first on one side then on the other side of
the channel.

ECONOMIC PRODUCTS.
BUILDING STONES.

Notwithstanding the fact that exposures of hard rock in
Montgomery county are quite rare and confined to certain
comparatively limited fields, rock suitable for ordinary masonry
is abundant. The quarry industry is one of no mean import-
ance. The Upper Carboniferous, the Cretaceous and the
Pleistocene are productive of rock for building purposes. In
order of 1mp01tance these beds are as follows: limestone,
sandst or pudding-stone and glacial boulders.

g

LIMESTONE.

Quarrying in the rocks of the Upper Carboniferous has been
prosecuted here for more than a quarter of a century. The
first work was done just north of what is now the town of
Stennett. Since then other quarries have been opened in this
vicinity on the west as well as on the east side of the Nishna-
botna and the total amount of stone taken out and utilized has
been great. The limestone occurs in ledges from a few inches
‘to more than three feet thick. As a rule it is durable and
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readily adapted to use in massive masonry and for all com-
mon purposes. Many of the beds are susceptible of a fine
finish.

The W. Stennett quarry lies at the point of the hill near
the Red Oak and Griswold line of the Chicago, Burlington &
Quincy railroad, just above the mouth of Pilot braneh. Layers
nearly on a level with the waters of the East Nishnabotna,
west of the track, have been developed.

The section on page 392 shows the workable and worthless
beds, as well as the amount of stripping. At present this strip-
ping would include all material above number S of the section,
but as the work is pushed farther into the hill ledges of lime-
stone now thoroughly weathered will become solid and of
value. At the same time the thickness of the refuse material
increases. The breadth of the quarry is not more than forty
feet. A single derrick has been in use.

The C. B. & Q. Ry. quarry lies at the opposite side of Pilot
branch and shows the same ledges of stone as those worked at
the Stennett quarry. This quarry has not been worked for
three or four years. Stone has been quarried at Crandall, about
a mile and a half north of Stennett, and quarrying has also
been done at a point the same distance south of the station.
The upper ledges shown at the Stennett quarries were devel-
oped in both cases.

The Fate quarryisan old quarry ml:uated on the west side of
the river in the northeast corner of the southeast quarter of

- section 22, Sherman township. The face is nearly 100 feet in
‘length. Until recently the full section as described on page 392
was opened and the numerous ledges utilized for various pur-
poses. At the present time the three ledges shown are the
only ones worked. The uppermost undivided ledge is twenty
inches thick. It is finely sub-crystalline and slightly fossilifer-
ous. The other two are also heavy ledges, the upper one being
fourteen and the lower twenty-four inches thick. The strip-
ping here, including the shale and impure rock between the
beds, amounts to more than ten feet. The stone is all used for
dimension work and takes a ready finish. One derrick is used
in loading the stone.
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The Rosebury quarry is on the south side of a small stream
(Tp. 78 N,, R. XXXVIII W,, sec. 21, Se. qr.,, Se. ) and has a
lineal face of about 120 feet. The following is the section:

FEET. INCHES.

9. Soil, locss and drift. 1 8

8. Limestone, sub-crystalline, brittle; good
i stone

2 1
7. Shale, DU t0 grOY——oommooemoeemmeameen 3 n
6. Limestone, soft, flinty in upper three-
fourths .. -1 4
5. Li b and
i tone. T
4. Limestone bearing many specimens of
Fusulinz and much chert.__.......__.__ 4
3. Limestone with Fusulinze and some calcite
cavities . ... 20
2. Limestone, yollow, carthy; orowded with
5
2 2

The Ladd quarry is in the bluff west of the river (Tp. 78 N,
R. XXXVIII W,, sec. 27, Ne. qr., Sw. 3). Work in this quarry
has not been carried on since the season of 1892. The sequence
of strata which includes the quarried ledges is here given:

FRET. INCHES.
6. D 1 and clays.
5. Limest ing in Fusulinz. 1 10
4. Limestone, same as No. 5, but also flinty. 10
3. Limestone, earthy; decomposed in part.... 3 6
2. leestone, blue; sub-crystalline; dimen- .
sion

Lm\esmne, light grey, many Fusulinz and
light grey flint (exposed). 1 4
The H. Rush quarry is also on the west suie of the river (Tp.
78 N., R. XXXVIII W,, sec. 27, Ne. qr,, Ne. 1) a short distance
northward from the Ladd quarry. Here several ledges were
worked, the greater number of which can be found in Fate
quarry. The beds presented are:

INCHES.

6.
5.

7
4. Shale, i buft ta greenish B 4
3. Limestone, impure och 1 2
2. leestono, semi-crystalline, light colored;

tone. 1

Limestone, hard, light color; dimension
stone
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The 8. Stennett quarry is one recently opened on the east
slope of the hill (Tp. 73 N., R. XXXVIII W, sec. 22, Se. qr., Se.
3 perhaps thirty feet above the river. Thus far only the three
prmcxpnl ledges of the Fate quarry, as now worked, have been

A iderable quantity of stone has been removed
from the same ledges in other small quarries in sections 22
and 27.

The new Clark quarry is situated about a mile west of the
East Nishnabotna (Tp. 73 N., R. XXXVIII W,, sec. 33, Se. qr.,
Nw. }). The face of this quarry as now developed is about 150
feet long. The following shows the sequence of strata:

FEET. INCHES.
Soil and geest with weathered limestone
slabsand flint..
10. Limestone, much pres
9. Limestone, abounding in part \mh

11

. ine 1
8. Limestone, two ledges with Fusulinm and
light colored chert.. ..o oo .. ________ 1 8
7. Li earthy and ili 2 4
6. Limestone, hard, grey; dimension stone_... 7
5. L inty. 6
2. Limestone, buff colored; of more or less
earthy texture. . ... e oeeomoioaos [
3. Limestone, buff to ligh% brown, somewhat
shaly 5
2. Shale - 1 1

-

. Limestone, hard, greyish, with dark flint;
Fusulinz throughout ledge. ..

The abandoned Clark quarry lies about a quarter of a mile
northward. The dip, if any, is imperceptible.

The McCalla quarry (Tp. 73 N., R. XXXVIII W., sec. 33, Sw.
qr., Sé. §) lies about a quarter of a mile southwest of the new
Clark quarry. It is crescent shaped, quarrying being done on
either side of a shallow ravine. The thickness of the waste
material is not great, and several ledges of stone are available;
as shown in the accompanying section:

13. Soil
12. Limestone, decomposed, Fusuline bearing_.. 1 6
11 Clay, for the most part residual 1 4

FEET. INCHES.
1
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FEET.  INCHES.
10. Limestone, hard, light to dark grey......- 7
9. Limestone, with black flint, hard in central
part; many Fusulinw present throughout. 6
8. Limestone, buff to brown in color, Fusuline

Limestone, light, twelve-inch ledges;

( 1 8
6. Unexposed, probably similar to number 9... 4
5. Limestone, thin layers, shaly partings...__ 5 2
4. Limestone, bard, greyish brown; concre-
tions of dark flint disseminated in central
1 5
3 earthy._ 8
2. Shaly parting.. 2
1. Limest buff, earthy 1

Further development will doubtless result in bringing to
light workable ledges in numbers 5 and 6. The divisions are
now badly weathered.

The Silket quarry is on Walnut creek in Tp. 72 N, R.
XXXIX W, sec. 1, Ne. qr., N. 4. At this point the most
important beds lie in the bed of the creek. The combined sec-
tion is:

FEET. INCHES.
Soil and residual material. 5
Shale, buff to grey......_.
leeslone (decomposed) and shales..
flint-beari
leestone, hard, greyish, m two ledges;
stone, very 5
1. Limest “blue layer,” ion stone.. 1 4

- o

ke

A short distance from this opening on the low slope on the
east side of Walnut creek several ledges of limestone have
" been worked.
The next quarry along Walnut Creek is at Climax (Tp. 71
N., R. XXXIX W, sec. 30, Ne. qr.) At this point the follow-
ing section was secured

FEET.
7. Soil, loess and drift. 18
6. Limestone, hard, drab, finely textured; not fully

exposed

5. Limestone and shale, marly ........................ 3
4. Shale, ill 2
3. Limestone, bluish, dnll earthv ...................... 1
2. Shale, 1
1. Limestone, light blue, lzard dimension stone__..__.. 13



BUILDING STONES. 433

Since the covering is heavy it is not probable that quarry-
ing, other than for local use, will at any time be done here. Up
to this time no large amount of stone has been removed.

The supply of building stone in the southern portion of the
county is obtained partly in Montgomery county and partly in
Page. There are three or four quarries in the latter county
within a distance of a few miles from the south line of Mont-
gomery. The Gridley quarry is just across the line. The Nel-
son limestone quarry (Tp. 71 N., R.XXXVII W, sec. 20, Nw.
gr., Ne. ) lies in the bed of a small tributary of Middle Tarkio.
It has been opened but a year or two, and since that time has
been worked to supply the local demand and the demand at
Stanton.

But two ledges of stone are utilized. The lower one isa
foot thick. It is a hard, greyish blue limestone bearing dissem-
inated particles of iron pyrites often changed to the hydrous
oxide. On account of this impurity the stone would be slightly
inferior for outside walls. Between this bed and the upper
bed there are about six inches of marly shale. The top ledge—
a yellowish grey, more or less earthy limestone, is also one foot
thick. The output from this quarry is used largely as founda-
tions, and as undressed dimension stone.

The abandoned Johnson quarry is in the N. 4, Sw. qr,, sec.
20, Tp. 71 N, R. XXXVII W. On the other side of the branch,
and southward a few hundred feet, is the old Jacobson quarry.
Across the Tarkio near the southeast corner of section 20, is
the deserted Lantz quarry. The stone at all of these places is
but the continuation of the strata at the Nelson quarry.

Northward, about half way between the Lantz quarry and
Stanton, a few perch of stone areannually taken from the slope
some distance above Middle Tarkio. East of Villisca, about a
mile and a half, limestone has been obtained and used for flag-
ging and for cellar walls. This quarry is on a small branch
near the main line of the Chicago, Burlington & Quincy rail-
road. There being but one bed of particular value and it cov-
ered by several feet of clay shale, but a small amount of work
has ever been done to open up the quarry.

31 G Rep
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The northeastern township is well supplied with a superior
building stone, but located as the quarries are, ten miles or
more from any railroad, the annual output from this section of
the county is comparatively small. Only a local demand can
be economically met.

The Smith quarry is in Ne. , Sw. qr,, sec. 3, Tp BN, R.
XXXVI W., extending non-continuously for a distance of per-
haps 600 feeb along the west hillside. At the north end the
following section was secured:

FEET. INCHES.
4. Soil, loess and residuary clay._..._.___... 3 10
3. Limestone, weathered, with geest in crev-
ices 5
2. Limest light b-erystalline, flinty 1 8
1 Li 1

Toward the southern part the worked face of the section is
somewhat different. Across the West Nodaway, possibly 100
yards west of the Smith quarry, is the one known as the Fisher.
The following beds are exposed:

FEET. INCHES.
4. Soil and 10€8S-.-eocooiioio 5
3. Li shaly 1
2. Clay, shale, grey to yellow.......__...._.. 2 6
1. Limestone, flinty in upper part, bear Fus-
ulina (solid ledge exposed)-........____.. 3 3

The stone in the vicinity of Milford is commonly a rather
coarsely textured variety, hard -but easily dressed. In color
the light greyish-brown prevails. Between the two quarries
mentioned and the milldam at Milford, where much stone has
been taken out, there is another exposure of limestone, pre-
senting three layers. Each is about two feet thick, and over
the beds are nearly twelve feet of stripping. This place, and
the Smith and the Fisher quarries, have furnished a great
amount of stone for dimension work, for buildings and for the
construction of the Milford dam. It is a very tough, durable
stone which does not fracture in cold weather, nor shell off
upon continued exposure.

In the edge of Cass, at the very extreme northeast corner of
Montgomery county, there are two rather extensive quarries,
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the Phelps and the Fox, respectively on the west and east sides
of the county road. The strata exposed at the one is also
shown at the other, except that the Fox has been worked to a
greater depth. Only those above number 5 in the section here
inserted are disclosed in the Phelps. The individual layers are
as follows:

FEET. INCHES.
13. Soil, limestone slabs and residual clay.... 2
12. Shale, argi . greenish___” N
11. Limestone, light colored (one ledge) 2 ¢
10. Limestone, light grey to bufl. 1 1
9. Clay, marly 1

8. Limestone,

brown ledges from nine to fourteeninches 7 1
k8 ale - +
6. Limestone,

dull.___ 1 2
3. 1 G
4. Limestone, coarsely textured. .. 9
3. Shale, buff to grey; 1 4
2.

Shale, variegated, carbonuceous near
tom

1. Li (exposed).

These quarries are so situated as to supply stone for Adams,
Cass and Montgomery counties. A number of the ledges are
successfully used in heavy masonry; blocks of almost any
desired dimension can be obtained. The stone is not dificuls
to dress. It is certainly unfortunate that better transportation
facilities from such quarries as these in Montgomery and across
the line in Cass are not at hand.

In addition to the quarries already mentioued, there are a
number of places where limestone has been taken out. On
account of the great depth of stripping and the inaccessibility
of the ledges, work was but temporary. The ravine south of
Red Oak below the Keystone mill, at Clark mill, a quarter of a
mile southeast of Coburg, southward from Hawthorne in the
bed of Walnut creek, and in the edge of Page county (T'p. 70
N., R. XXXVIII W, sec. 4) are the more common localities. In
most cases but one or two ledges are accessible.

SANDSTONE.

Within the limits of the county the coal measure sandrock

is entirely absent. The only arenaceous beds which might
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sorve as structural material belong to the Cretaceous, repre-
senting the Nishnabotna sandstone. About Red Oak near
Stennett, also in the southeast quarter of section 35 of Sherman
township, the northeast quarter of section 2 of Red Oak town-
ship, there is a dark to light brown sandrock from two inches
to more than three feet thick overlying the friable, light
colored stone. It is hard enough in many places to serve for
foundation and rough construction work. In part this stone is
not unlike that at the quarries southwest of Lewis, Cass county,
where a large amount has been removed and utilized for the
erection of houses, foundations and chimneys. Only occasion-
ally has any of this stone been quarried in Montgomery, the
thickness being usually insufficient and the color of the stone
undesirable.
CONGLOMERATES.

The Cretaceous pudding-stone occurs on the steep slopes
east of the river, almost continuously from three miles south
of Red Oak to within three-fourths of a mile north of the
southern boundary of the county. The maximum thickness of
the bed is not definitely shown but the average is approxi-
mately twenty-five feet.

The Chicago, Burlington & Quincy railroad company has
opened up the Cretaceous conglomerates in the east half of the
northwest quarter of section 17, Grant township, and has quar-
ried a great amount of the material for ballast. Here the beds
are firmly cemented by siliceous limonite, but in the lower por-
tion they are of loose pebbles and coarse sand. No work has
been done in this place in the last few years. Just east of
Coburg the lower portion of this conglomerate is exposed and
the layers have been used to a small extent for foundations. A
few hundred feet up the small branch from the southeast cor-
ner of Red Oak there is another bed of loose pebbles in coarse
sand which might be used advantageously as ballast.

GLACIAL BOULDERS.

Being generally concealed by the loess, the drift debris fur-
nishes but an inappreciable quantity of available rock which
would be at all snitable for dimension stone. In the southern
half of the county there is seen an occasional boulder several
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feet across. In the northern part there are patches of uncov-
ered glacial deposits which afford material valuable as rough
foundation stone.

CLAYS AND THEIR USES.

The quality and the very general distribution of clays suit-
able for the manufacture of various grades of building bricks
and for drain tile, make this material of primary economic
importance in Montgomery county. Throughout the district,
with only a few exceptions, it is possible to find superficial
deposits having depths of from two to twenty feet, of such con-
stituency as to be readily worked into marketable products. In
order of importance on account of adaptability and prevalence
the clays may be classed as follows: (1) Loess; (2) Cretaceous
shales; (3) Alluvium; (4) Coal measure shales; (5) Boulder
clay.

LOESS.

The loess is quite generally distributed. It occursas the
mantle of the upland over nearly the entire area. In thickness
it is variable, and in character it may be divided into the
two more common forms—that found on the slopes and well-
drained sections, and that on the level prairie. The former is
a brownish-colored, homogeneous material resembling in great
part the deposit where typical along the Missouri bluffs to the
west, bearing hard, calcareous concretions. The prairie loess
is of a greyish yellow to brownish color, decidedly more plastic
than the other and containing no detrimental impurities.
These clays are such that good brick or tile can be manufac-
tured from either, but on account of the excessively elastic or
“stronger” nature of the prairie deposit, much trouble will be
experienced in attempts to avoid cracking while the brick,
especially, are being dried. A combination of the two vari-
eties or the introduction of shale clay or sharp sand into this
strong loess will largely lessen the amount of checking.

Methods for handling these clays depend primarily of course
upon their nature, but almost any of the deposits can be
moulded by hand, by the wet-mud, by the stiff-mud or by the
dry-press processes. In this county the use of the loess alone
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has been attempted at but one factory and the two last named
methods are practiced. Atsome of the larger factories, how-
ever, very successful results are obtained by combining the
loess in various proportions with the clays of the Cretaceous.
Regardless of the kind of process the treatment to which these
clays are subjected is the most simple and the products are
successful and durable, invariably possessing a desirable color.

CRETACEOUS SIIALES.

‘While not occurring abundantly in more than one or two
localities Cretaceous shales are of such a character as to be
adaptable to use in clay plants in the manufacture of many
kinds of produects. Under the description of the lithological
character of the Cretaceous, mention has been made of the sev-
eral localities supplied with argillaceous materials of that age,
s0 but a brief reference to these will be inserted. Of the clay
under the soft sandstone (Tp. 72 N., R. XXXVIII W, sec. 2, Ne.
qr.) White* says: “A bed of clay is found which is a mixture
of a dark and ochery clay with that of nearly white color. The
latter has been tested for the manufacture of common pottery and
pronounced to be the best found in the southwestern part of
the state.” The only clay of such description now exposed in
this neighborhood lies in pockets or lenticular beds, and in
quantities too small to be of any value.

Along the railroad track, about two miles northward from
Coburg, beds of grey and of red arenaceous clays are visible.
These might be utilized if not overlain by such heavy stripping.
The beds at Red Oak are by far the most important. They are
extensive, conveniently situated, and are quite pure. The
presence of clay in this neighborhood was ascertained through
outcroppings well toward the top of the hill above the present
pit. The raw material was first secured from numerous pock-
ets which were found to contain very limited amounts of a first
class clay, and soon the supply became exhausted. Careful
prospecting, however, led to the discovery of a large deposit,
the upper surface of which extends almost as high as the rail-
road track to thesouth. The shale shows the effects of erosion,

*First and Second Ann. Rept. of the State Geologist, p. 61. 1863,
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deep gorges having been corraded, and the uppermost portion
being mixed with a reddish loess. Eastward the clays are
intermingled with arenaceous blocks and masses of siliceous
limonite. The adaptabilities of this shale in its purest state
are hardly limited. Tt has been made into common stock and
five brick, sidewalk blocks, drain tile and pottery. It is easily
prepared. Brick are successfully made by the dry-press or by
the stiff-mud machine. Ordinarily the shale burns to a cream
color, but when combined with ferruginons clay different
shades of red are secured.

ALLUVIUM.

The alluvial deposits of the county occur only along the
larger water courses. The upper two or three feet only are
available, unless a special treatment is given, and thisis hardly
practicable. In the immediate vicinity of the rivers travers-
ing the county the alluvial deposits are of a loamy character for
a depth of several feet, and in this case the entire thickness of
the material can be made into common brick, using the hand
presses for moulding.

' COAL MEASURE SHALES.

Unlike the lower, or Des Moines stage, the upper coal meas-
ures, or Missouri stage, does not present many heavy beds of
argillaceous shales. Yet between the solid ledges of limestone
in various sections of Montgomery county there exist layers of
good workable shales from two to eight feet in thickness.
Around Stennett the quarries exhibit such beds, one of the most
noticeable being shown resting on the top ledge of limestone in
plate xi. Along the branch, about a mile and a half east of
Villisca, a similar bed is visible. South of Red Oak the expos-
ures are imperfect. Recent excavations disclose several shale
beds at Villisca, some of which are quite valuable. Others bear
calcareous fossils and are not so successfully utilized.

On the cap-rock over the coal vein which occurs in the
northeastern portion of the county there rests a shale several
feet thick, and under the coal is an impure fire clay, two or
three feet thick, which changes to ordinary shale lower down.
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These beds do not appear exposed at convenient points, bub
since the vein of coal averages only about eighteen inches it is
necessary to remove a portion of either the under or the over-
lying strata. These accompanying argillaceous materials are
suitable for draintile, paving and common brick, and also, in
some cases, for sewer-pipe and fire brick. The establishment
of clay plants in connection with the coal mines could be made
profitable. In some localities in the state this plan is followed
very successfully, even where the removal of the shale is not
necessary in order to mine the coal. As yet no attempts have
been made to extensively utilize the shales of southwestern
Towa. Experiments have been carried far enough to demon-
-strate their utility.
BOULDER CLAY.

The drift although bearing extensive argillaceous beds, is
“neither a convenient nor a profitable source of workable clays,
partly on account of the overlying deposit of loess and partly
on account of the concretions of lime which abound in the
upper, or yellow, boulder clay. These concretions are very
injurious to the burned product. It may be possible to find
limited areas of altered drift which have been freed from this
impurity by percolating water.

PAINT AND BALLAST CLAYS.

About a quarter of a century ago a plant was established
for the production of mineral paint from an ocherous shale,and
a considerable quantity was marketed. The expense incurred
in preparing, and in transporting the product to shipping points
made the undertaking unprofitable, and work ceased. The
bank is now entirely covered by over washed soil. At Milford
in the sinking of a well, the occurrence of an eight-foot bed of
ocher was reported at forty feet from the surface. In all like-
lihood this is an ordinary vari-colored coal measure shale, and
is not valuable as a base for paint.

In the construction of railroads the use of burnt clay as
ballast is fast becoming popular. In the altered loess and
“drift, and in the more gumbo-like areas of the bottoms, mater-
ial might be selected suitable for the manufacture of this



POTTERY, BRICK AND TILE WORKS. 441

product. Ballast burning was carried on for some time at Red
Oak nearly fifteen years ago, and much of the burnt clay was
used along the line of the Chicago, Burlington & Quincy rail-
road.

CLAY INDUSTRIES.

Three of the principal towns of Montgomery county are
supplied with plants utilizing native clay in the production of
structural brick, drain tile and other articles.

RED OAK.

The W. H. Close Pottery, Brick and Tile Works is located
near the central portion of Red Oak. The nucleus of this con-
cern was formed more than twenty years ago, but until 1883
attention was devoted entirely to the manufacture of pottery.
Included in the list of articles now produced are front or stock
brick, - common brick, fire brick, sidewalk blocks, draintile
from two and a half to eight inches in diameter, and all styles
and sizes of ware commonly made at modern potteries. The
plant consists of necessary sheds, including those for drying
the green ware a Bond dry-press, “The Ohio” of E. M. Freese &
Company a Wolfe & Conley continuous, and six common down
draft kilns, two being used in burning the pottery, a Frost dry
pan and a clay chaser. Until so extensively enlarged two
years ago only a Penfield plunger and’ the turning wheels with
the chaser now used, made up the list of machinery.

"The clay is all hauled about half a mile from down near the
railroad track. That used for fire brick and pottery is of Creta-
ceousage. The more siliceous, when properly burned, produces
a good refractory article. For tile, common, stock brick, and
sidewalk blocks, either loess alone, or loess combined with the
more impure Cretaceous shale is found most satisfactory. The
admixture of the shaleis productive of a lighter colored article,
depending of course upon the relative amounts of shale and the
strong dark brown to nearly red loess, which itself burns to a
cherry red color.

The appearance of the cut while partially hidden by debris
is shown in figure 54. The shale at some points is as much as
fifteen feet thick and rests unconformably upon a very siliceous
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shale of the same age. At the east end it is replaced by friable
sandstones, and higher up, perhaps three or four feet above the
upper surface of the shale, yellowish sandstone is shown in the

Figure 54, Cross-section of the Close clay pit, Red Oak.

railroad cut. The extreme thickness of workable shale in the
portion of the clay bed at present developed is given in the fol-
lowing section; number 11 showing theaverage thickness of the
overlying loess:
FEET. INCHES.
11. Loess, impure in lower portion........___ 6 6
10. light yellow, soft. 3
Shale, light grey; used for pottery - 11

Sandstone, white to yellow_ 6
Shale, light grey; for potter:
. Shale, grey, siliceous; for fire b
Shale, dark to light grey; for pottery.
Shale, grey, siliceous; for fire brick.
Shale, light to dark grey; for pottery.
Shale, greyish; for fire brick
. Shale, siliceous, grey, impure, exposed ...

RSN e RS

o
ERNCRCRE R

The individual layers of the purest clays, those made into
pottery, are constant throughout in texture and composition.
The accompanying chemical analysis, made by Prof. G. E.
Patrick, best shows the nature of the deposit.

PER CENT.
water lled at 100° C.) - 133
Caulnnctl water lled by ignition) 3.8
Silica (Si0,).. 69.75
Alumina (A1,0,) -2 18.68
*Iron oxides, calculated as Fe,Oy. ... ...__..... 194
Lime (CaO) 1.07

*Mostly gave: Feo,

2; Fez03, 58 This
gives a summation of 100 3), error in analysis, .39,
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PER CENT.
(MEO) e 9
Potash (K,0) B 232
Soda (Na,0) 64
T <ol 1033

It will be noticed that the percentages are not perceptibly
different from clays used at many Ohio, Kentucky, Indiana and
other factories, the alumina being comparatively a little less.
The clay is of such a chavacter that, when moulded by the dry-
press, burning must be accomplished with much care until the
water has been entirely removed. To burn every section in
the continuous kiln at one time from three to five weeks are
previously consumed in water-smoking. Thiskiln hasa capacity
of 500,000 brick.

The fire brick are moulded on the Boyd press. They require
a high heat to prevent crumbling. It is quite probable that
this clay when washed could be made into a superior quality of
glass pots and crucibles. In burning the pottery a very high
heat is withstood before the slightest “crippling” takes place.

The raw material was at first taken from small pockets well
up the slope from the track, but as these became exhausted
search for new beds was necessary and this resulted in the find--
ing of the bank now worked which to all appearances is inex-
haustible. -

The R. E. Cook brickyard is situated just north of the
Chicago, Burlington & Quincy railroad at the southeastern cor-
ner of Red Oak. Work was begun here several years ago and
has since been carried on quite satisfactorily. The equipment
consists of an H. Brewer roller crusher, a Kells & Sons brick
and tile machine, dry sheds, two clamp and one common
round down draft kilns.

The clay is obtained from two adjoining cuts at the side -of
the plant. The upper one is circular with perhaps 200 feet of
lineal face. The material here consists of twelve feet of ordin-
ary loess. This rests upon three or four feet made up of mixed
Cretaceous clays, boulder clay and loess. At the other pit the-
following sequence is seen:
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. Soil and loe: 3
Clay, brown, pebbly. -

. Clay, greyish, rather gritt;
Shale, light grey, bearing sandstone lense:
N Snndstone white to dark yellow with arglllaceous

1o oo w o

The layers as indicated in the section are by no means per-
sistent in different portions of the worked cut. From the
drillings of a well bored here it is observed that shales with
interstratified sandstone layers extend to some depth.

Although made up of a rather complicated variety of clays
some of them decidedly impure and siliceous, the product, com-
mon building brick, is in no wise inferior. The brick have a
good color and the mode of manufacture is entirely efficient.

VILLISCA.

Stoddard Brothers brickyard, operated by Smith & Coffin, is
in the southern portion of Villisca. Here brickmaking has
been carried on for ten years, always by hand until 1894, when
a secondhand Frey-Sheckler stiff-mud machine was put in.
The clay up to that time wasa “bottom” clay from along the
Middle Nodaway. Its thickness was from six to ten feet. The
upper part is silty. That below the clay worked appears to be
almost wholly derived from the loess, and portions of the
material are somewhat jointed. Since the machinery was put
in loess has been used. The quality of the clay is quite good, but
the brick when drying crack badly in the sheds.

Recently a coal measure shale has been discovered which
can be mined advantageously with the loess, and the cracking
is thereby lessened. The beds now shown above the water are:

FEET.
5. Loess, yellow to brown or grey, jointed in upper
part, 12
4. Sand, clean; thickness varies from one inch to.. - 2
3. Shale, argillaceous, dark grey to green in colo n
2. Shale, argi light grey 3
1. Shale, grey to light, rather finely siliceous......._...

Number 5 is a fine grade of clean loess strictly adaptable to
use in the dry-press. Number 8 is quite pure and of good
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quality, although the shrinkage upon burning will be consider-
able. Number 2 is for the most part a superior shale but
is very fossiliferous, bearing both thin shells and erinoid
stems, which latter are wholly calcite and become caustic when
burned in the clay; otherwise this layer would be valuable for
common uses. Number 1 is not fully exposed, but borings in
the neighborhood are said to show it to be from twenty to sixty
feet thick. Except for its being a little too arenaceous it is
readily available for many purposes. It is now possible to
utilize the loess and some of these shales and secure a superior
building brick. The manufacture of pavers from the shales
would be practicable but for the presence of the deleterious
crinoid stems.

The Tyler brickyard is in the southern part of Villisca and
east of the Middle Nodaway. It has been in operation five
years. It is a small plant, the equipment consisting of a
Quaker soft-mud machine, horse power. The clay bank is five
or six feet deep and consistsin the upper portion of a siliceous
silt bearing a considerable percentage of humus. This grades
into a brownish. arenaceous clay locally known as “made
earth.” At the base of the cut joint clay sets in, and eighteen
feet from the surface a bed of quicksand is encountered. Tem-
porary kilns, holding from 80,000 to 135,000 brick, are used in
burning. Some trouble is experienced in the cracking of the
green product.

STANTON.

Nelson Sandin has a brickyard in the western part of Stan-
ton along the banks of Middle Tarkio. The clay is a loamy
material taken from the flood plain. Its thicknessis variable,
In some portions the so-called joint clay extends to within one
or two feet of the surface. Ordinarily, however, it is possible
to use the material to a depth of seven feet. It is found that,
by the addition of common salt to the extent of six quarts to
mud enough for 5000 brick, the amount of checking during
the drying process is greatly reduced. Cased kilns are used in
burning. The consumption of the product is almost wholly
local. The brick are rather porous and are therefore only used
for interior construction work.
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Although containing little or no free sand in the beds and
-overflowed banks of the large streams, Montgomery county is
well supplied with arenaceous deposits. They occur both in
the Cretaceous and in the till. Those of the former abound
wherever the formation exists. Near Red Oak and southward
-as far as Coburg, the prevailing color is nearly white. Near
Stennett and to the east the sands are orange to yellow. The
sandstone is fine grained except for a small percentage of
-coarse material in individual layers. The grains are more or
less rounded but not so much so as in the drift sands. On
account of the size and comparative sharpness of the grains
the material is suitable for mason work and for use in brick
moulds. The slight percentage of oxide of iron which it con-
“tains prevents its use in the manufacture of glass. However, it
may possibly be utilized in moulds at smelters.

South of Milford (Tp. 73 N., R. XXXVI W, sec. 22, Sw. qr.,
W. 1) there is a high knob capped by loose sand and resem-
bling an ordinary river deposit. For the most part the sand is
quite clean and somewhat sharp. Its thickness is probably not
less than fifty feet. Another deposit of similar character lics
on the slope about one mile eastward from Villisca. This and
the one near Milford are used by plasterers. The Villisca mate-
rial is also used by the brick manufacturers to sand the moulds.
Other localities furnish sand beds of economic value.

COAL.

Westrope Slope—Since 1881 no mining of coal within the
limits of Montgomery county has been undertaken. For sev-
eral preceding winters, even as far back as 1857, mining was
quite extensively carried on at the Westrope slope (Tp. 78 N.,
R. XXXVI W. sec. 1, Se. qr., W. 4). The vein was found out-
cropping several feet above Williams branch. Its thickness
was from eighteen to twenty-two inches. The sequence of beds
is shown in figure 48, page 403.

Anderson Prospect Shaft—Coal was reported at a depth of
fifty-five feet in a drilled hole (Tp. 72 N, R. XXXVI W, sec. 33,
Ne. qr., Se. }) four and one-half miles north of Villisca. The
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seam was said to be twenty-two inches thick. A shaft sunk
with a view to mining the coal failed to reveal the presence of
the stratum, and further search has not since taken place.
It is not improbable that the Nodaway vein would be found at
no great depth in this vicinity, though it may have been cut
out by erosion.

A well just south of the Westrope slope disclosed the pres-
ence of the Nodaway coal, and just east of the boundary of
Montgomery county (Tp. 78 N., R. XXXV W, sec. 18, Sw. qr)
it was again met with in digging a well. The record given
below is said to be accurate:

. Soil and loess.
Shale, argilla
Limestone.
Shale, m:
Sandstone .
Coal....
. Fire clay..

mE e

The coal mentioned in the different localities is the same
wvein as is worked so successfully at Briscoe, Carbon and Eureka
in Adams county, at New Market and along the East Nodaway
six miles northward, in Taylor county, southeast of Clarinda,
near Shambaugh, in Page county. Along Middle Tarkio, south-
east of Nyman, there has been a small development. Refer-
ence has been made to the extent of the vein. It seems to
underlie, within available distances, nearly the entire north-
eastern third of Montg 'y county, excepting perhaps certain
localities in which erosion has heen exceptionally deep. The
indications are that westward the coal vein dips to too great
depths to be of value. When coal was first removed from the
‘Waestrope slope the price was fifteen cents per bushel. Now it
is usually from three to five cents less, though still great
-enough to make the mining of the vein profitable when near
enough the surface. Facts brought out by the deep drilling
and by a study of the exposed formations of Montgomery and
adjoining counties, inevitably lead to the conclusion that only
thinner seams such as already have been met with need be
looked for. This conclusion is opposed to that heretofore
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entertained, namely, that the lower measures would, when
reached in southwestern Iowa, be equally as productive as in the
central and southeastern portions of the state where the Des
Moines division is exposed at the surface.

LIME.

The manufacture of lime in this district has never been
undertaken except on a very small scale. Where the limestones
are more abundantly exposed about Stennett and at Milford, as
well asin the southern portion of the county along the Tarkio, a
very fine quality of lime might be produced. The better ledges
of the stone bear but a low percentage of silica or alkalies, the
more constituents which detract from the value of
lime. The stone would produce a white lime, but one which
would only be used for ordinary mortar or plaster, not being
strong enough and being too readily affected by moisture for
the better class of work.

ROAD MATERIALS.

The native substances which might be used advantageously
for road beds are: limestones, clays, drift boulders, gravels and
sands. As yet neither the streets of the larger towns nor the
roads of the interior have been paved. The limestone, being as
a rule hard, would make an excellent macadam. Tt would
also serve asa basis for brick paving and as ballast for railroad
beds. Mention has already been made to the use of burnj
clay as ballast, and its use might be extended to the construc-
tion of county roads. Being comparatively inexpensive it will
doubtless yet be used in districts not abundantly supplied with
gravel. The preparation of the clay is very simple. In the
upper portion of the Cretaceous, between Coburg and Red Oak,
the conglomerates and loose sandy and pebbly layers are quite
accessible and could be made available. The drift deposits,
which are made up for the most part of coarse sand and large
pebbles, when not overlain by clays, might also be used for
similar purposes.

SOIL.
‘Within Montgomery county three distinct varieties of soil
are present. These are the loessal, the alluvial and the gla-
cial. The area bearing the first named is by far the greatest
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as practically the entire upland prairie and the hillsidesare cov-
ered by it. The soil proper, that is the dark grey colored, humus-
bearing material, is commonly only a foot or two in thickness,
but the loess from which this soil is direetly derived has a
thickness in some instances of as.much as thirty feet. In
character this loess, which acts as subsoil, is soft, more or less
spongy and calcareous; it admits of easy infiltration of water
in excessively wet weather. In case of drouths it readily gives
up moisture by capillary attraction and furnishes a lasting sup-
ply to the growing crops. When altered the subsoil is more
plastic and clay-like. This loess soil is the most productive
variety within this part of Iowa.

True alluvial soils are naturally confined to the flood plains.
The second bottom is not subject to overflows and the soil is
more compact than that of the lower lands. These soilsare all
very siliceous and bear a considerable percentage of decayed
vegatation in the upper portion, becoming more clayey below.
Under ordinary circumstances they are remarkably fertile.
The till where occupying the superior position in a few very
limited areas, mostly in the northwest quarter of the county,
could not properly be termed arable. It consists in the main
of boulders a few inches in diameter and of sandy clay. There
are also a few patches of Cretaceous land north of Coburg,
which are of little or no value from a productive standpoint.’

MINERALS.

Calcite, pyrite, limonite, heematite, and perhaps other rarer
minerals occur in Montgomery county, but none in quantity
sufficient to make them of economic importance. The calcite
occurs in the form of crystals lining cavities in some of the
ledges of limestone near Milford, and more rarely elsewhere.
Pyrite is observed in the stone of the Nelson quarry and in the
coal. Limonite occurs in the Cretaceous, but is very siliceous.
A few hematite boulders were discovered in the surface drift.

WATER SUPPLY AND WATER POWERS.

The inhabitants of Montgomery county secure their water
supply from several sources. The streams form the most
G Rep .
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important one. The two larger water courses which traverse
the entire length of the county and the Middle Nodaway in the
southeastern portion, are never failing sources. The Tarkio,
‘Walnut and Indian creeks are streams which in ordinary sea-
sons are not dry, except well toward their sources. The drift
deposit affords much water, and in this formation there are
many veins which are practically inexhaustible. The water
commonly lies in a series of pockets of sand or gravel between
the yellow and blue boulder clay. These sand pockets
are not persistent, nor is water invariably secured at this hori-
zon, but failures are exceptional. In the flood plains it is
nearly always practicable to go down from twenty to fifty feet,
-or a little below the level of the water in the stream, and strike
a lasting supply. Red Oak and Villisca obtain their water sup-
ply from wells dug in the flood plains of the adjacent rivers.

Springs issuing from the upper coal measures have not been
seen in the county, neither do borings in the strata, unless at
great depths, show the presence of flowing veins. At the foot
of the Cretaceous sands, probably flowing over shales, fine
springs which never run dry pour forth large volumes of clear
cold water. Notable instances of these are in Tp. 71 N., R.
XXXVII W, sec. 17, Nw. qr., E. 4, north of Coburg, at “sand
springs” just south of Red Oak, in the northern portion of sec-
tion 33, also in Tp. 78 N, R. XXXVIII W,, sec. 18, Sw. qr., Sw.
1 on the old Powell farm.

The rivers which act as unfailing water supplies may also
furnish power. Ordinarily the declivity is not great but is suf-
ficient to produce considerable fall. By the proper construc-
tion of dams power for various manufacturing purposes may
easily be developed. Good locations are frequent as the chan-
nels proper are usually rather narrow and are bounded on one
side or the other by a bank of limestone.

Along the Nishnabotna there are three mills utilizing water
power; a grist mill a mile north of Stennett, Clark & Company’s
mill in Tp. 72 N.,, R. XXXVIIT W, sec. 8, Se. cor. and the Key-
stone mill just south of Red Oak (I'p. 72 N., R. XXXVIII W.,
sec. 82, Sw. qr.,, Ne. }). At each of these points the river flows
against stratified beds.
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On West Nodaway there are the Smith mill at Milford, or
Grant P. 0., the Morton in the southern portion of section 83,
Douglas township, and the Arlington in Tp. 72 N, R. XXXVI
W., sec. 28, Nw. qr., Se. 1. On Middle Nodaway, near the cen-
ter of section 11 of Jackson township, is located the J. Van
Horn mill. At Climax in the extreme southeastern part of the
county a mill was once established. This was dependent upon
the water of Walnut creek for power. It was found that the
stream became too low in dry weather and milling at this point
has been abandoned.
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