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COUNTY AND REGIONAL GEOLOGY.

CH AP THR

GEOLOGY OF THE MIDDLE REGION OF WESTERN
IOWA AND OTHER COUNTIES.

1. GEOGRAPHICAL AREA.

The middle region of Western Iowa embraces that portion
of the State included in the fourth, fifth, and sixth tiers of
counties lying between the Des Moines and Missouri rivers;
the former stream forming its eastern and the latter the western
boundary of the district. The district as thus defined contains
a superficial area a little npwards of 8,600 square miles,
including thirteen full counties and portions of three others, as
- follows : Woodbury, Monona, Harrison, Shelby, Crawford,
Audubon, Ida, Sac, Calhoun, Carroll, Greene, Guthrie, Dallas,
and portions of Polk, Boone, and Webster counties.

2 PHYSICAL FEATURES.

This region is traversed nearly centrally in a north and
south direction by the Great Watershed, separating the
drainage of the Mississippi on the one hand from that of
the Missouri river on the other. Many of the streams upon

both slopes take their rise in the watershed plateau, within
1A 3



2 COUNTY AND REGIONAL GEOLOGY.

this district, while others and the more important head in the
great plain to the northward, some of them within the bound-
aries of this State, and others beyond its borders in the State
of Minnesota.

The streams upon the west slope of the watershed have a
southerly or southwesterly direction and mostly gain the
Missouri within the borders of the State. The principal of
these are the Nishnabotanys, Boyer, Soldier, Maple, Little
Sioux and the West Fork, and Floyd rivers, besides many
smaller watercourses, some of them tributaries of those just
named, and others which reach the Missouri independently,
or are lost in the loose deposits which compose the great
bottom-plain of the Missouri. Their valleys are deeply
eroded into the superficial deposits, which constitute the
main geological features to be observed in this portion of the
district, and have a depth of from one hundred to two and
even three hundred feet along their lower courses. The
Missouri winds through the great bottom-plain which borders
its banks upon either side, from five to ten and sometimes
{ifteen miles in width, over a treacherous bed of sands which
afford no stability to the channel, which is changed with
almost every flood. The great periodic freshet resulting from
the melting of the snows far to the northwest in the region
of its sources, takes place usually in the month of June,
inundating all the lower portions of the adjacent bottoms;
here eating away acres of land and there building up wide
flats of sand which in a few seasons becomes covered with a
rank growth of willow and cottonwood, which serve to retain
the rich sediments brought down by subsequent floods, and
thus are formed some of the most fertile tracts in an incredi-
bly short time.

The drainage upon the east slope in this district is
performed entirely by the affluents of the Des Moines, which
have a southerly course or nearly at right angles to that
of the streams to the west of the Great Watershed. This
section is watered by the Raccoon rivers, whose valleys are
abruptly defined by steep acclivities largely composed of the



MIDDLE REGION OF WESTERN IOWA. 3

detrital material of the Drift, offering many marked contrasts
to the valleys found upon the opposite side of the great
divide, as does also the surface configuration of the country
through which they pass, and which are dependent upon
the character of the superficial deposits which prevail,
respectively, in the regions separated by the watershed
that defines the two great systems of drainage in the State,
and which in this district also marks the eastern limit of
the remarkable deposit known as the Bluff' formation, as will
be noticed further on.

The principal portion of the district presents an uninter-
rupted prairie. In the west the surface is rolling, while the
eastern half of the district presents a gently undulating
surface, characteristic of the Drift region. The forest growths
are mainly restricted to the valleys, though sometimes
considerable tracts of upland are overgrown with thrifty
timber, or stunted oak openings. Mr. J. A. Allen, of Cam-
bridge, who has given the subject of the distribution of forests
in the prairie regions of Towa and Illinois a careful study,
has observed that the bulk of the woodland is found along
the south sides of the valleys. He is inclined to attribute the
prevalence of forest growth upon the declivities facing the
north, to the more favorable conditions there existing for
their propagation and preservation in the greater amount of
moisture gathered and retained upon the shaded declivities,
than upon those which are exposed to the full influence of
the sun’s rays. His views, so far as our observations have
extended in the State, agree perfectly with what we have here
observed, and seem to be founded in fact; for, wherever the
valleys take a northerly and southerly course, we find the
forests about equally distributed upon both sides. But by
no means is the growth of trees upon our prairies dependent
upon the above mentioned conditions of moisture. However
great influence moisture has exerted in sustaining forest
growths against the almost resistless attacks of the prairie
fires, while the country was in its wild state, so soon as the
prairvies become settled and cultivation restricts or wholly



4 COUNTY AND REGIONAL GEOLOGY.

subdues the ravages of the fires, forests begin a rapid
encroachment upon the former prairie slopes, and finally
overspread all portions of the upland not otherwise occupied
by the improvements of the farmers.

3. GEOLOGY.

In many respects there is hardly a more interesting field for
geological research in the State than that afforded by the
district at present under consideration. Its entire area is
heavily enveloped in the superficial deposits pertaining to the
Post-tertiary period, which alone offers a field of most
instructive study, which has a more or less direct bearing on
the development of the agricultural interest of the country,
but the investigation of which has been, as yet, barely begun.
From beneath these deposits all three members of the coal-
measures appear in the southeastern portion of the district,
where the characteristics of each are well displayed. Also
the Lower Cretaceous formations outcrop over more or less
limited areas, where they are sufficiently well defined to
enable a tolerably accurate knowledge to be gained of the
geographical distribution and the stratigraphical order of the
strata of this period within the boundaries of the State.

4, POST-TERTIARY.

The Post-tertiary period is represented by the Drift and
Bluff deposits. The Drift, as it is at present understood, is
made up of (1) The glacial deposits, consisting of blue clays
charged with sand, gravel, and boulders, without order in
their ariangement; and, (2) The modified drift, which is
composed of yellow sandy deposits and the loose materials
derived from the breaking up or erosion of the former
deposits during the draining of the shallow waters that
accumulated immediately following the glacial epoch. This
latter deposit is almost co-extensive with that of the unmodi-
fied or glacial deposit, from which it differs, in as much as the
materials of which it is made up are always in a more or
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less distinctly stratified condition, such as would result from
the action of currents in shallow waters.

Both of these deposits are extensively developed in the
country lying between the watershed and the Des Moines
river. In the immediate region of the watershed, the Drift
probably attains its greatest thickness; but at the same time
it would appear that this great ridge is of pre-glacial origin,
since we find the Cretaceous deposits outcropping high upon
its flanks, and evidently still forming a large portion of its
bulk. As we pass to the westward, however, these deposits
gradually diminish in thickness, and on approaching the
Missouri they present but a thin, irregular bed, and are often
wholly wanting. That they were once fully represented in
this region, there can be little doubt; for even now at certain
localities, where they have escaped the denuding agencies
which prepared the great basin of the Missouri for the recep-
tion of the subsequent deposit of the Bluff epoch, they present
much the aspect usually observed in connection with these
beds in the central portion of the State.

.In eastern and central Jowa, the Terrace epoch is also
represented by the peculiar and interesting formations which
occupy the valleys in that portion of the State. In the
valleys of the Raccoon rivers, as also in that of the Des
Moines, the terraces are beautifully displayed, being com-
posed largely of gravel and sand which present all varieties
of stratification usually observed in connection with these
deposits elsewhere. They are readily distinguishable from
the modified drif¢ of the uplands by the more definite
arrangement of their component materials, as well as by
their symmetrical step-like form. But proceeding westward,
we no sooner surmount the watershed than we lose all trace
of these interesting formations, except it be an occasional
obscure remnant of an outlier, as may be seen in the valley
of the Boyer, near Denison, where one such occurs in the
valley-side from which quantities of gravel have been
obtained for the manufacture of concrete blocks.

The deposit of the Bluff epoch constitutes the most
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important feature in the surface geology of the district, as it
does also of the western portion of the State. It is referred
by Dr. White to lacustral origin, and overspreads the entire
country from the Missouri river to the watershed divide
on the east, which in this district more or less accurately
defines its eastern limits. However, in Guthrie county, whose
western confines rest upon the great divide, the Bluff Deposit
overlays, so to speak, the watershed and caps the divides on
the Mississippi slope between the South Raccoon and the
Brushy Fork, and that between the latter stream and the
Middle Raccoon. But to the northward in Carroll county,
the deposit forms but a comparatively thin layer upon the
gummit of the main watershed, and thence the border of the
deposit is defined by a line pursuing a west-northwest course
across the southwest corner of Buena Vista and thence
through Cherokec and Plymouth counties, terminating on the
Big Sioux in the northern portion of the latter county.

It was observed that the Drift Deposits gradually thin to
the westward on leaving the great divide, but directly the
opposite occurs in the case of the present deposit which
rapidly increase in thickness as we approach the Missouri
river, and in the picturesque bluffs bordering the bottoms
adjacent the river, it attains its maximum development,
presenting a thickness of from two hundred to three hundred
feet. In the intermediate country it everywhere envelopes
the surface, forming the bulk of the uplands between the
watercourses, and in which is moulded the prominent topo-
graphical features of the region. Terrace formations are
rarely met with in this deposit. In the valley of Soldier
river, in Harrison county, however, some of the finest
examples of terracing are met, which are apparently entirely
composed of the peculiar Bluff Depogit. But there is one
fact worthy of note in this connection. In the valleys of
the South Raccoon and Brushy Fork, along whose lower
courses true gravel terraces are found, as throughout the
Drift region of eastern Iowa, the moment we gain the region
in which the Bluff Deposit occurs, we lose sight of the terraces
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which are concealed beneath the superimposed deposit, which
manifestly owes its origin to a later date than that to which
the terraces belong.

The annexed profile presents a view of the relative sequence
of the Post-tertiary deposits as they appear in this district,
and as they are interpreted from the observations made
herein:

MISSOURI
LITTLE SIGUX

IRUSHY

N
M. RACOTON
N r-AAccoon

A
)
{é
45 IMOINES

The obliquely-lined space indicates the Glacial Deposit, and
the dotted space represents the modified Drift or Gravel
Deposit, while to the left, the space left in blank shows the
Bluff Deposit. The profile gives approximately the contour
of the country between the Des Moines and Missouri rivers
along a line running nearly due west from Boonsboro. The
watershed is about fifteen hundred feet above the level of the
sea, and the difference in the levels of the Des Moines and
Missouri rivers is about one hundred and seventy-five feet,
the latter being the highest, or four hundred and eighty-five
feet lower than the main divide.

The Bluft' Deposit has the appearancé of a light colored
clay; while in reality, analysis shows it consists of a homo-
geneous mass . of exceedingly finely comminuted silicious
material, with a rather large admixture of calcareous matter
and but a comparatively small per cent of argillaceous
material. It is remarkable for the uniformity with which its
component parts are distributed, being the same and
apparently in nearly the same proportion throughout its
whole depth. The soil derived from this deposit is one of the
most remarkable in the West. TIts fertility is unquestionable,
and for the production of all the small grains and corn it is
equal to the best loam-soil of eastern Iowaj; while, at the
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same time, it possesses the advantage of being susceptible of
cultivation under circumstances which would render a clayey
soil untillable. This is probably due to its porosity, and
the consequent absorption of moisture from the atmosphere
in seasons of drought, at the same time facilitating the drain
ing of excessive surplus water in seasons of prolonged rains

In the region of the Drift the soil is mainly a black,
gravelly loam. But there is usually a strip of country
lying in the uplands between the watercourses, where we find
a heavier and more soggy soil. In these belts, also, ponds are
prevalent, as may be seen all along the upland, a few miles
west of the Des Moines river, in the counties of Boone and
‘Webster, and in which, indeed, the lakes in Calhoun county
are situated. The origin of the soil, the ponds, and the
lakes, is referable to the character of the immediately subja-
cent deposit which is here found to be the blue glacial clays
—a, deposit quite impervious to water—which comes to the
surface over considerable areas. The distribution of the
gravel bed in the uplands between the Raccoon and Des
Moines rivers, is well shown in the profile (Fig. 44), where
they are seen but lightly to cover the middle portion of
the divide, but gradually increase in thickness on approach-
ing the margins overlooking the valley of the Des Moines
on the one hand, and the former stream on the other. The
country being generally level, the drainage is very imperfectly
performed, compared with that in sections where the subsoil
consists of the loose materials of the modified drift. And the
same is true of the Bluff Deposit; no ponds are there met
with, and no wet lands exist, save in the lower bottoms along
the larger streams, and in the Missouri bottoms in the early
spring months, when the ground is soaked from the melting
of the snows and the frequent showers that take place in that
season.

Another interesting feature is observed in connection with
the soils in the eastern portion of the district, and in the
counties west of the Des Moines, in the region occupied by
the coal-measures, and in which the Drift Deposits are but
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sparingly distributed, compared to the development of these
deposits in the region farther north. The comparative
paucity of the Drift in this seetion, which includes, so far as
our observations have extended, the counties of Warren,
Lucas, Monroe, Davis, and Appanoose, seems to furnish
satisfactory explanation of the origin of the argillaceous soil
occurring over considerable tracts in the uplands in those
counties. We are forcibly struck with the appearance of
these tracts in passing from the northern counties southward,
or from the loamy soils of the Drift region, to the argilla-
ceous soil locally found in the southern coal counties. The
clay soil is of a light color, somewhat recalling the Bluff' soil
in appearance, but differing widely from that deposit in
compostion, and is very fertile and durable; but it is not as
susceptible of tillage, in extreme wet or dry seasons, as are
the loamy soils of the Drift. It is probably directly derived
from the disintegration of the shales of the subjacent coal-
measures.

The accompanying ideal section (Fig. 45), illustrates the
distribution of the superficial deposits, and their relation
to the underlying coal-measure strata at many localities
in this part of the State.

Fic. 45.

The gravel deposit (b) always flanks the uplands, becoming
thinner as we approach the crest of the divides, so that the
coal-measure shales may, and doubtless do, rise quite to
the surface at many points along the middle portion of the
uplands. By the wash of the higher points in the course of
the great interval which intervenes between the present and
the recession of the waters, following the Drift epoch, the fine
argillaceous material was gradually distributed over the

remnant of the Drift Deposits upon the flanks of the uplands
2A



10 COUNTY AND REGIONAL GEOLOGY.

thus producing a well-marked soil which does not at all
partake of the Drift in its origin. Indeed the existence of
the Drift may be pretty satisfactorily determined by
examining into the character of the natural drainage of the
surface. The Drift, wherever present, forms a porous subsoil,
highly serviceable in securing the drainage of the surface
waters; on the contrary, in situations where the subsoil is
wholly composed of the argillaceous material derived from
the coal-measure shales, the land is less perfectly drained,
and in consequence the soil is of a cold and less tractable
nature. Wherever the subjacent coal-measure shales are
arenaceous in character, there a sandy soil is produced in the
same manner as in the case of the clay soil. = In some
localities indeed, these sandy tracts are met with under
circumstances which seem to be explicable in no other
manner.

5. CRETACEOUS.

The deposits referable to the Cretaceous age, pertain to
the lower group of which three formations are recognized
within the borders of Towa. In the extreme southeast
portion of the area occupied by the rocks of this period,
we find the lowermost, or Nishnabotany sandstones. These
appear in the region of the Raccoon rivers, in Guthrie and
Carroll, and probably certain sandstone deposits in Greene-
and Calhoun counties, belong to the same series. These
deposits, which are described in detail in the geology of
the counties in which they outcrop, attain a thickness
probably not far from one hundred and fifty feet. Indeed,
we have at single localities vertical exposures of one
hundred feet. In the country to the northwest, however,
the Cretaceous, as well as all the older rock-formations, are
lost to view, and we do not again meet with these deposits
until gaining the extreme northwestern corner of the district,
where, in the county of Woodbury, a series of shales and
sandstones in alternating beds outerop in the base of the
bluffs bordering upon the Missouri, which show about one
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hundred feet thickness of what Dr. White has termed the
Woodbury formation. This formation is doubtless con-
siderably thicker, but its appearance to the southward,
in the region intermediate between the exposures of the
Nishnabotany sandstone and the localities in Woodbury
county, is unknown. But it is presumed that a thickness of
at most one hundred feet will fill the hiatus exising between
the extreme outcrops of the two lower formations of the
group. Resting upon the Woodbury sandstones and shales,
in the northwest part of Woodbury county, a thickness of
some fifty feet of calcareous shale, and above chalky and
shelly limestone, is met with which is designated as the
chalky formation or Inoceramus beds, from the prevalence
in these beds of the fossil shell called Inoceramaus prob-
lematicus. These upper beds, both lithologically and
paleontologically offer a more striking contrast to the
two lower formations than that which distinguishes those
formations from one another. We have here a sudden
introduction of calcareous matter, with a fauna apparently
quite distinct from that found in either of the preceding
formations, whose characteristics in each case are given in
the detailed geology of Woodbury county.

The lower, or Nishnabotany sandstone formation is com-
posed of incoherent sands and gravel layers, with now and
then beds of soft clays, in every respect presenting the
appearance of a littoral deposit. Amongst the pebbles
are fragments of silicified corals of Devonian or Silurian
age, and in a ferruginous sandstone deposit, described by
Dr. White, in Montgomery county, a few leaves have been
found which are identical with those found in the Wood-
bury formation. Indeed, the affinity between these two
formations is far more strongly suggested than that existing
between them and the succeeding ‘‘ Inoceramus beds.” The
principal fossils found in the Woodbury formation are the
leaves of Angiosperms, a small Fern, a species or two of
Gasteropoda and Lamellibranchiates, and the remains of

- Ganoid fishes ; the latter differing from anything thus far
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known from the chalky beds, which are characterized by the
remains of Teliosts or common fishes, and sharks, and by
the abundant prevalence of Inocerami and an Ostrea, Ammo-
nites, and the minute exuvize of a Rhizopod.

The maximum thickness of the Cretaceous strata exposed in
Woodbury county is probably not less than two hundred
feet. It is further believed that all the strata here exhibited
occupy a position above the sandstones which outerop on
the southeastern border of the Cretaceous area, in Guthrie
county, which add at the least one hundred feet to the Wood-
bury county section, making the actually known thickness
of the Lower Cretaceous group not less than three hundred
feet in Towa. The economic value of these deposits consists
mainly in the building material they afford. Thin bands
of lignite occur in both the lower and middle beds, but
there are no indications of more extensive deposits existing in
the series within the borders of the State.

6. COAL-MEASURES.

In the eastern portion of the district the coal-measure series
outcrop over a considerable area, where they present
characteristic features peculiar to them. The Lower and
Middle measures in that region are well displayed, the latter
of which has been described in detail in the chapter on the
Middle coal-measures. As we approach the Great Water-
shed these formations disappear, and thence we meet with no
deposits of older age than the Post-tertiary, until gaining
the valley . of the Boyer a few miles above its junction with
the Missouri valley, where a few limited outeroppings of
Upper coal strata are found, which form the most northerly
exposures of this formation in the State. These exposures
occur on @ line but little north of due west of the border
outcrop of the formation in Guthrie county, and probably a
slightly curved line, whose convexity is turned to the north,
would describe the northern border limits of the formation in
the State.

Of the distribution of the Middle and Lower measures in
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the country to the west of the great divide, we have no means
of arriving even at an approximate knowledge, since these
deposits are lost to view as soon as we pass beyond the North
Raccoon and Middle Raccoon rivers to the westward. How
far to the northward of the morthern border outcrop of the
Upper coal formation these deposits may extend it has been
impossible to ascertain, owing to the entire surface in the
region west of the watershed being deeply enveloped in the
superficial deposits of the Post-tertiary period. A line
drawn from Fort Dodge in a southwesterly direction, passing
through Calhoun and Greene counties, to the northwest corner
of Guthrie county will conform very nearly to the known
western limits of the Lower or productive measures in this
district. The Middle coal formation embraces a large portion
of the area of Guthrie and Dallas counties, outcropping over
a belt of country from eight to fifteen miles in width, which is
suddenly lost to view on approaching the watershed divide in
the western portion of the first named county, and to the
southeastward forming a similar belt, which pursues a course
nearly parallel with the Des Moines river to the southern
boundary of the State.

7. DALLAS COUNTY.

Dallas county is bounded on the north by Boone and
Greene counties, on the east by Polk, west by Guthrie, and
on the south by Madison county. The county comprises
sixteen townships, or an area of about 576 square miles.

General Surface Features—Drainage. The Raccoon river
and its tributaries drain the larger portion of the county
with the exception of the northeastern townships, which are
drained by Beaver creek, an affluent of the Des Moines.
The three principal branches of the Raccoon—the North,
Middle, and South Raccoon rivers—have their confluence
in this county, the larger or North Raccoon entering the
county near its northwestern corner, and flowing thence
southeasterly, it joins the main stream on the southern border
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about in the middle of the county. From this point we
ascend the South Raccoon in a westerly direction to the
western border, where it receives the Middle Raccoon, which
latter stream, however, has but a few miles of its course
within the county. West of the North Raccoon, Panther and
Mosquito creeks are important drainage channels, while to
the south of the South Raccoon, Bulger and Bear crecks
are the most important of the numerous small watercourses
in that quarter.

The suzface configuration presents somewhat varied aspects
in different portions of the county, which are due in great
measure to the nature of the underlying coal-measure forma-
tions. The larger streams have eroded their beds to a depth
of from one hundred to two hundred feet below the general
upland level, producing narrow valleys bordered by more
or less abrupt acclivities. The northern portion of the county
is gently undulating, and its surface tolerably well drained.
To the west of the North Raccoon the surface descends into a
broad, shallow depression which corresponds to a shallow,
synclinal basin that exists in the coal-measure strata in
this section of the county. Kast of the North Raccoon the
country is high and level, and mainly watered by small
streams which flow directly into the Raccoon and Des Moines
rivers, and whose valleys are cut into the deposits belonging
to the Middle coal-measures. The narrow strip of territory
lying to the south of the Raccoon and the South Fork,
rapidly rises in the divide between the Raccoons and North
river, which has its culmination within Madison county but
little beyond the southern border of Dallas, embracing
a tract much more broken in its surface features than the
country to the northward.

The soil of the uplands is usually black loam. In the
valleys, there is greater proportion of sand, and upon the
terraces or second bottoms, we find a warm gravelly soil, as
is usual in similar situations throughout this region. The
forests are almost wholy confined to the valleys, and are of
sufficient extent for all the ordinary wants of the county for
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years to come. The more common kinds of trees are the
black-walnut, soft maple, several varieties of oaks, elm, ash,
ete. . Fruit growing has hardly begun to receive that attention
which it promises so well to remunerate. The culture of the
grape, so far as it has been experimented upon, also gives
every indication of proving successful. The fine large
orchard of young apple and pear trees, and vines, on Mr.
Frank Graham'’s estate, near Adel, compares favorably
with any we have seen in the State. There is no reason to
believe but that fruit-growing will soon become an important
source of wealth to the county. Axrtificial groves thrive in
all situations, as well upon the uplands as in the valleys ;
and already the country is being embellished with groves of
trees in every direction, contributing a pleasing feature to the
prairie landscape.

Springs issue from the gravel beds along the bluffs, and in
the ravines, at frequent intervals. Wells of water are easily
obtained in most places at a moderate depth beneath the
surface; they are almost invariably excavated into the gravel
beds immediately overlying the impervious Drift clays, which
form natural reservoirs for the retention of the waters which
are filtered through the bed of loose materials above.

Geology. The geological formations which oceur in Dallas
county belong to the Post-tertiary and Coal-measure
periods.

Post-tertiary. The Drift is generally spread over the
whole county and is of variable thickness, estimated at from
ten to fifty feet. On the North Raccoon, above Adel, the
bluffs in many places are largely composed of these deposits;
but along the streams to the southward, the Drift has been
extensively denuded, and here its minimum thickness is
found. The Drift is made up of blue clays and gravel beds—
the former representing the original glacial deposits; and
besides the boulders and pebbles, and * sand pockets ” which
are distributed through its mass, fragments of coniferous wood
are not of unfrequent occurrence. Frequently in excavating
for water, these ‘“old forest beds” are encountered, and the
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trunks of quite large trees have been discovered in a very
perfect state of preservation. In the neighborhood of Sugar
creek, east of Adel, large more or less abraded blocks of
light-colored, compact limestone are found scattered over the
surface, or more or less deeply imbedded in the gravel or
clays of the underlying Drift Deposits, which have excited no
small degree of wonderment, and have been the objects of
much speculation as to their origin. But that they were
derived from the Drift, there can be no doubt; and, further,
that their origin was far to the northward, is proven by the
few obscure organizations preserved in their mass, which
show them to be of Lower Silurian age—probably the Trenton
limestone—and were transported from their native ledges in
the north by the same agencies which brought down from the
same direction the immense amount of detrital materials
composing so considerable a proportion of the superficial
deposits of eastern and central Towa. The fact that the lime-
stone boulders are apparently more numerous in this section
than in the country northward in this and adjacent counties,
is probably owing to the much greater degree of denudation to
which the drift was subjected along the lower reaches of the
Raccoon in the process of the erosion and deepening of its
valleys, which swept away the larger portion of the finer
materials of which these deposits were in part composed,
leaving behind only the boulders and coarser materials, as
they are now found.

The loose materials form a considerable though unevenly
distributed member of the Drift, and one that is co-extensive
with the unmodified deposit in the uplands. In the valleys,
these deposits have been subjected to still further modifica-
tions by currents of water confined in definite channels,
which have produced those varied phenomena we find
displayed in the terrace formations that border the larger
watercourses.

In the vicinity of Redfield, the valley of the South Raccoon
is beautifully terraced, there being three or four distinct
benches besides the interval lands which are still subject to
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periodic overflow. The annexed profile was taken above the
confluence of the Middle Raccoon, and furnishes a fine
example of terraces in this region:

Fre. 46.

Profile of the Valley of the South Raccoon, above the confluence of the Middle Raccoon.

a, Lower coal-measures; b, Middle coal-measures; ¢, Drift; d, e, f, Terraces;
¢, present flood-plain, or intervale. ;

The highest bench, (¢) has an elevation of about forty feet
above the South Raccoon, forming a level plain about half a
mile wide. Resting upon this terrace are several quite
symmetrical oblong mounds from eight to ten feet in height;
they are composed of gravel, and do not differ in this respect
from the composition of the terrace upon which they rest. It
has been suggested that these mounds were the work of the
aboriginal inhabitants; on the other hand, there is quite as
good reason to suppose they are of natural origin—being
nothing more than gravel bars which were formed when the
waters of the river occupied a higher level, and this bench
formed the flood-plain. Below this terrace there are two
others, whose elevations are respectively twenty feet and ten
to fifteen feet above the river. The higher and better defined
benches are composed of coarse gravel and sand; the lower or
intervale bottoms are principally made up of sand and the
finer sediments deposited by the annual freshets. The village
of Redfield owes much of the beauty of its situation to this
set of terraces which occupy the wide recess formed by the
junction of the two streams in this vicinity.

In the valley of the North Raccoon, at Adel, a similar

3A
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series of terraces are found, though less regular and beauti-
fully defined than those at Redfield. Adel is built upon the
higher bench, which is twenty to thirty feet above the river,
and corresponds in the nature of the materials of which it is
composed, with the terraces above mentioned. These forma-
tions are again met with on the northern border of the county,
the valley here presenting three or four benches, which are
remarkable for their graceful conformation. The intervales
or alluvial lands are of limited extent, being wholly confined
to the narrow belt immediately bordering the streams, and
are mainly important for the forest growths they support.

Coal-Measures. The only consolidated strata found in
Dallas county, pertain to the coal-measures, which underlie
its whole area. That portion of these strata which are seen
at the surface, comprise the upper beds of the Lower coal-
formation, the entire thickness of the Middle formation, with
the lower beds of the Upper coal-measures, which latter
appear only in the southwest part of the county.

Lower Coal Formation. Thisformation occupies the larger
portion of the northern half of the county, and a slight anti-
clinal fold or undulation brings its upper beds to view in the
valley of the South Raccoon, in the southwestern corner of
the county, near Redfield, where it outcrops over a limited
area, partially hemmed in by the succeeding strata of the
Middle coal-measures. This area may possibly prove to be
an arm running southward along the crest of a gentle anti-
clinal undulation from the main area of the formation,
forming a bay-like recess corresponding to similar recessions
in the border outcrops of the Middle coal-measures in the
counties to the southeastward. ,

A short distance below Redfield, a bed of coal nearly three
feet thick crops-out in the banks of the Middle Raccoon, on
lands of J. Ward Redfield, Esq., section 9, township 78,
range 29, where the following section was measured:
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Fia. 47.

Section at Redfield's Coal Mine near Redficld.

No. 4. Heavy bedded, yellow to dark brown, fine grained sandstone, with
shaly and obliquely laminated layers, 45 feet, more or less.

No. 8. Light-blue, partially indurated shales, slightly arenaceous in the
middle, 13 feet.

No. 2. Coal, 214 feet to 3 feet. This bed is separated into two layers by a thin
seam of clay, not above an inch thick. The upper layer of coal is the thickest.
The clay parting contains very obscure vegetable remains.

No. 1. Blue, slightly gritty clays, highly charged with persulphate of ironm,
and containing few imperfect plant remains, exposed to water level. 7 feet.

The coal-bed shown in the above section is doubtless the
equivalent of the bed which is now being so extensively
mined at Des Moines, only differing from the Des Moines
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coal in having a less number of clay partings. At present
the bed is mined on a limited scale; its product is of fair
average quality, and it will become a valuable deposit when
there shall be a greater demand for mineral fuel in this
section. The shales and sandstone overlying the coal are
best seen in the bluff a short distance above the mine, and
in the right bank of the river at the ‘hanging rock ” the
sandstone forms a picturesque mural escarpment above forty-
five feet in height. This bed, however, rapidly disappears
beneath the river to the northwestward, as it does also oun the
South Raccoon below Redfield. At Newport mills, on the
latter stream, half a mile southeastward of Redfield’s mine,
some ten feet of micaceous, more or less laminated, sand-
stone is exposed, the lower portion of which contains large
lenticular concretions which recall to mind similar deposits
underlying the coal-bed at Des Moines. Should this identity
exist, the coal must be found in the adjacent bluffs on the
right side of the river, where it has not been denuded by the
erosion of the valley, and also on the north side of the valley
it may possibly be reached by shafting.

Only one or two unimportant exposures of Lower coal
strata are at present known in the valley of the North
Raccoon within the borders of Dallas county. In section 16,
township 81, range 28, a thin seam of coal has been found on
a branch near Mr. J. H. Roberts. In the left bank of the
river, in section 17, township 81, range 28, a similar exposure
was examined on lands of Mr. Hiram Harper, where a four-
inch coal seam occurs. A heavier bed is said to outcrop
in the bed of the river at this locality, fragments of coal
having been washed out and deposited upon the sand-bars
by the fieshets.

It is not improbable that other and workable beds of coal
may be found in this part of the county. But owing to
the soft nature of the strata of this formation, the slopes have
been smoothed down, and the coal-beds, if they really
exist here, are concealed beneath a detrital accumulation
partly derived from the disintegrated subjacent strata and
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the Drift, so that we are obliged to rely in almost all cases
on such meagre exposures as those last mentioned for the
means of studying the structure of the productive measures,
not only in this particular section, but almost throughout
the entire extent of country occupied by the Lower coal-
measures.

Middle Coal Formation. This formation probably em-
braces in its outerops nearly half the area of the county.
Ascending the valley of the Raccoon from its confluence with
the Des Moines, at the city of Des Moines, the strata dip
gradually to the westward, which carries down the lower
member of the Middle coal-measure formation to a level
but little above the river at Rocky ford, on the eastern border
of Dallas county. At this locality, (section 26, township 78,

Fic. 48.

Section near Mr. Colton’s,
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range 26), the uppermost layers of the lower division appear
in the right bank of the river, where the fossiliferous lime-
stone layers overlying the Pamnora coal present their
usual lithological and palsontological characteristics. The
exposure is capped by a four-foot bed of sandstone which
forms the upper bed of this division. The Panora coal does
not appear above the river level, unless it is represented by
the dark pyritiferous shales at the water’s edge in the base
of the exposure. Above Rocky ford, the next exposures
of rock are found in the bluffs bordering the south side of
the valley in sections 27 and 26, township 78, range 27, near
Mr. Colton’s, and but a short distance above the Chicago,
Rock Island, and Pacific Railroad bridge. At this locality
the middle division has almost a complete representation,
and is capped by the lower member of the upper division, as
shown in the preceding section:

No. 19. Yellow shales, exposed 5 feet.

No. 18. Heavy-bedded, impure, fragmentary limestone, 20 inches. Contains
two or three species of Polyzoa, Athyris subtilita, Spiriferina Kentuckensis, Martinia
planoconvexa, Hemiproniles. crassus, (), Chonetes mesoloba, O. mucronata, Productus
longispinus, Bellerophon.

No. 17. Black, carbonacecous shales, 18 inches. Lower carbonaceous horizon

f the upper-division.

No. 16. Light-colored clays, 214 feet.

No. 15. Light-red sandstone, shaly above, 5 feet, with Sigillaria.

No. 14. Yellow, arenaceous clays, 5 to 8 feet.

No. 13. Marshall coal, 6 inches.

No. 12. Bluish-yellow clays, exposed 2 fect, but probably occupying much of
the unexposed slope below.

No. 11. Blue clays exposed, 3 feet.

No. 10. Unexposed, about 7 feet.

No. 9. Blue and reddish shales, 8 feet.

No. 8. Bituminous shales, 115 feet, with fucoid-like markings. Equivalent
to bed 29, General Section of Middle coal-measures.

No. 7. Blue shales, 6 inches. Contains Productus muricatus, Clonetes mesoloba,
Hemipronites crassus.

No. 6. Irregularly bedded, fragmentary, impure limestone, 2 feet.

No. 5. Partially indurated, blue clays, 2 feet.

No. 4. Light-colorcd, argillaceous, indurated bands, 16 inches, with Hemipro-
nites and Athyris,
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No. 8. Gray and blue shales, 214 feet.

No. 2. Dark clays, with concretionary band at top, 114 feet.

No. 1. Blue, slightly gritty, shales, exposed 5 feet, and above the level of the
river 18 feet.

The upper beds of the section are well-exposed just above
the railroad track in the bluff on the south side of the river, on
section 26. The large masses of limestone in the river bank
below the track belong to bed No. 18, having been displaced
by a land-slide. The Marshall coal, No. 13, with all the
lower beds included, is finely displayed in a ravine a few
hundred yards west of the former exposure, in section 27,
where a thickness of about seventy feet of strata is exposed.
The coal is here two to six inches thick, and it has furnished
small quantities of coal for blacksmith’s use; the bed is too
thin for profitable working, however superior its quality.
The sandstone, No. 15, limits the upper part of the middle
division, and is overlaid by the lower black shales, and its
accompanying limestone of the upper division, which is
always a reliable and easily recognized horizon of this
formation.

In the bed of the river, half a mile west of the Boone
station, ledges of brown and gray, compact, thin-bedded,
micaceous sandstones, with ripple-marked surfaces, crop-out,
- forming a rapid-obstruction in the river. This bed may be
referable to the beds of passage between the middle and lower
divisions.

In the vicinity of De Soto, almost the same series of strata
are met with as were described in the section near Mr.
Colton’s, five miles to the eastward. At Van Meter’s mill,
about two miles north of the station, the Marshall coal, here
a seam not above six inches thick, outcrops in the left bank
of the South Raccoon, where a fine section is presented of
the accompanying strata, including some twenty-four feet of
shales inclosing a limestone layer, between the coal and the
bed of the stream; and also showing the sandstone at the top
of the middle division. On Bulger creek, in the immediate
vicinity of De Soto, the upper layers of the last mentioned
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sandstone are seen in the bed of the creek, supporting some
eighteen feet thickness of shales, including the lower carbo-
naceous horizon of the upper division. The accompanying
section presents a general view of the strata exposed in this
neighborhood:

Fia. 49.

Section in the vicinity of De Soto.

No. 16. In the top of Miller’s hill, an imperfectly exposed thin bedded, gray
limestone is seen, containing Fusulinw cylindrica, crinoid stems, Polyzoa, Martinia
Uineatus, Athyris subtilita, Hemipronites crassus, and undetermined species of
Gasteropoda.

No. 15. Unexposed, probably made up of shales, 40 feet.

No. 14. Red shales, exposed, 5 fect.
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No. 18. Yellow shales, in places slightly arenaccous with iadurated ferru-
ainous bands, 10 to 15 feet.

No. 12. Rather compact, even bedded, grayish blue earthy limestone, weathers
to a soft, dingy yellow, 2 feet. The following fossils were observed in this bed :
Fusulina, crinoid stems, Hemipronites crassus, Chonetes mesoloba, Productus longis-
pinus, Athyris subtilita, Spirifer cameratus, Martinia planoconvexa, Retzia punctilifera,
Bellerophon crassus (2).

No. 11. Black carbonaceous shales, separated from the cap-rock by a thin
layer of light clay, 12 to 18 inches. Contains Petrodus and spines.

No. 10. Mottled shales, 5 feet.

No. 9. Soft, brown, laminated sandstone, with firmer layer above, and shaly
partings below, 8 feet. Imperfect remains of plants—Newropteris, Sigillaric.

No. 8. Yellowish, slightly arenaceous shales, 2 feet.

No. 7. Marshall coal—impure coal, 6 inches.

No. 6. Yellow, slightly gritty shales, with nodular hands, 714 feet.

No. 5. Light bluish, fragmentary, earthy limestone, in two layers with marly
clay parting, 8 feet. These layers are usually less intimately associated, though
they still preserve their paleontological characteristics. The lower layer containg
a predominance of Productus equicostatus, while P. muwricatus is most abundant
in the upper layer. Besides those species, the following were obtained from
these layers: Crinoid stems, Chonetes mesoloba, O.mucronata. Hemipronites crassus,
Orthis carbonaria, Athyris subtilita, Martinia planoconvexa, M. lineatus, Spiriferina
Kentuckensis, Rhynchonella Uta, Plewrotamaria.

No. 4. Variegated shales with occasional nodular and indurated bands, 1014
feet. In the lower portion of the bed the following species of fossils were found:
Lingula . Discina  Missouriensis, Athyris subtilita, Hemipronstes crassus,
Chonetes mesoloba, Productus muricatus. P. wgquicostatus, Martinia planoconvera,
Pernopecten, (sp. ?), Orthoceras , Petrodus and spines, and Ganoid scales, same
as in bed No. 3.

No. 5. Black carbonaceous shales, 1 foot. Contains Zingule , Ryncho-
nella Uta, Spiriferina Kentuckensis, Productus muricatus, Petrodus and spines,
small rhombic scales of Ganoids, probably belonging to the genus Paleoniscus.

No. 2. Gray indurated, calcareous shales, 6 inches. Contains Athyris subtilita,
Hemipronites crassus, Chonetes mesoloba, Productus @quicostatus, P. muricatus,
Myalina , Bdmondia, Plewrotomaria.

No. 1. Blue shales, with minute concretions, exposed above water level 2
feet.

Numbers one to nine inclusive, are seen in the left bank
of the South Raccoon, just below Van Meter’s mills; the
remainder of the section is best displayed on the Bulger, at
De Soto, alsv on a small branch in the southwest quarter of
section 18, township 78, range 27, on Mr. Miller’s farm, and

4a
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in a ravine opposite his house. Bed number sixteen out-
crops high in the hill-side on the same quarter-section, and
probably belongs to the upper limestone horizon of the
upper division—bed number forty, of gemeral section of
Middle coal-measures. The strata in this mneighborhood
have a slight southerly or southeasterly inclination which,
as we ascend the valley of the Bulger, carries them beneath
the Upper coal-measures, the limestones of which appear in
the higher upland declivities on the borders of Dallas and
Madison counties.

To- the westward of De Soto, the strata continue to rise,
bringing to view successively the lower division of the
Middle coal and the upper beds of the Lower coal-measures,
which latter outcrops in the valley, in the vicinity of Red-
field, as has been already described. From this locality, the
strata are observed to have a very considerable westerly dip,
which in the distance of one or two miles above the con-
fluence of the Middle and South Raccoon rivers, carries the
Lower coal-measures beneath the level of both streams, and
again the middle formation appears in the valley-sides,
presenting successively its three divisions as we ascend
either stream to the westward.

Two miles northwest of Redfield, in the vicinity of Mr.
Thomas TFee’s, the Panora coal outcrops in the south side
of the valley of Mosquito creek, (sections 34 and 27, town-
ship 79, range 29), on lands belonging to Messrs. Parker
and Piatt. The coal at this locality is about six inches
thick, its outcrop being thirty to thirty-eight feet above the
Middle Raccoon. At Parker’s mine, the coal and the strata
with which it is immediately associated, differ, in no respect,
from the normal condition presented by the horizon through-
out the Middle coal region ; but at Piatt’s mine, two or three
hundred yards east of the former, we find a remarkable
thickening of the bituminous shales overlying the coal and
the intercalation of a band of gray calcareous shale with
fossils, besides, the cap-rock is represented by thin pyri-
tiferous nodules, hardly recognizable as the same bed as
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that seen at Parker’s. The bed dips rapidly to the westward,
and on gaining the Middle Raccoon, half a mile west of
Parker’s mine, the coal-bed disappears beneath the river
level. In the southwest quarter of section 34, a limited

F1e. 50.
General Section on the Middle Raccoon above Mosquito Creck:.

TFPER DIVISION.

JMIDDLE. DIVISTON:
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exposure of the upper fossiliferous earthy limestone layers
of the lower division may be seen in the right margin of
the river where they present their usual characteristics.
Above this point, higher and higher strata are successively
encountered, consisting of shales and arenaceous deposits
pertaining to the two lower divisions of the formation, and
which appear at frequent intervals in low bluffs on the north
side of the stream. Near the Guthrie county line, about two
miles soutwestward of Parker’s coal mine, the upper beds of
the middle division are beautifully exhibited in a high bluff
skirting the left bank of the river which gives a vertical
exposure of above eighty feet. Near the top of the expo-
sure, the Marshall coal—here a thin seam about six inches
thick—outcrops beneath a thin ledge of sandstone, and
immediately above the sandstone, the lower carbonaceous
horizon of the upper division appears, which is the highest
bed found at this locality.

From the data furnished by the examination of the expo-
sures mentioned in brief above, the preceding general
section has been constructed, which exhibits the aggregate
thickness of strata between Mosquito creek and Huggin’s
branch, along a northeast and southwest line about two
miles in length.

No. 27. Black shale, overlaid by impure limestone band, imperfectly exposed.
Lower carbonaceous horizon of the upper-division.

No. 26. Rather compact, grayish yellow, shaly sandstone, 5 feet.

No. 25. Yellow, laminated, arenaceous clays, 414 feet.

No. 24, Marshall coal—impure coal, 6 inches,

Yellow and bluish shales, 5 feet.
. Rather compact, heavy bedded, buff, earthy limestone, 2 feet.

No. 21. Bluish clays, with thin calcareous layers and nodular band above,
4 feet. Contains Productus muricatus, Athyris subtilita, ete.

No. 20. Light-bluish, earthy limestone, in two layers; lower one compact,
with abundance of Productus wquicostatus; upper layer shaly, with Producius
muricatus, P. semireticulatus, (2), Chonetes mesoloba, Athyris subtilita.

No. 19. Darksblue and red clays, 314 feet.

No. 18. Fragmentary, yellow, impure limestone, decomposed above and
below, 4 feet.

Z 1z
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No. 17. Dark-blue clays, 214 feet. Contains Pefrodus and spines,

No. 16. Alternating layers of blue and reddish shales, more or less indurated
and in the upper part micaceous, with thin seam of calcareous shale and irregular
band of small concretions, 55 feet.

No. 15. Gray, shaly, micaceous sandstone, 2 feet.

No. 14. Alternating layers of red, blue, and yellowish-gray shaleg, slightly
gritty and micaceous above, about 44 feet.

No. 13. Blue and gray clays, arenaceous above, with band of dark, coarsely
gritty shaels at base, 814 feet.

No. 12. Light-gray, soft, heavy-bedded sandstone, 214 feet.

No. 11. Dark-blue shales, becoming more or less arenaceous above, about 16
fect. At the base a blue sandy shale occurs, and immediately above isa thin band
of clay containing great numbers of Aviculopecten rectilateraria.

No. 10. Soft, reddish and gray shaly sandstone, 3 feet. This bed forms the
uppermost layer of the lower division.

No. 9. Red clays overlaid by blue clays, with nodules and slightly arenaceous
above, 10 feet.

No. 8. Argillaceous limestone, consisting of four layers with shaly parfings,
3 to 4 feet. The lower layers contain great abundance of Productus muricatus ;
also, Choneles mesoloha, Athyris subtilita, crinoid stems. The middle layer is
charged with Martinia planoconvexa, besides spirifer cameratus, Athyris subtilita,
Rhynchonella Uta, Hemipronites crassws, Productus muricatus. The upper layer is
a very compact gray limestone, with numbers of a minute species of Gasteropod,
and an Awicu/opecten.

No. 7. Lightand gray, fine gritty shales, 5 to 10 feet.

No. 6. Dark-gray, indurated calcareous shales, 6 to 10 inches. This is an
intercalated layer, scen at Piatt’s coal mine, on Mosquito creck, where it is
charged with the following fossils: Productus muricatus, P. equicostatus, Hemi-
prontes crassus, Athyris subtilita.

No. 5. Dark-blue or brown shales, sometimes with layer of bluish-yellow
sandy clays at top, 1 to 8 feet. Seen at Piatt’s coal-bank.

No. 4. Bluish, impure, pyritiferous limestone, in places nodular, and some-
times wanting, 8 inches. Contains Productus muricaius, Chonetes mesoloba, Mar-
tinia planoconvexa, Athyris subtilita, Rhynchonella Uia, Bellerophon, Orthoceras.

No. 3. Blackshales, 18 inchesto 3 feet.

No. 2. Panora coal, 4 to 10 inches.

No. 1. Light ash-colored and dark blue clays, with imperfect plant remaing,
1 to 4 feet exposed.

The lower beds of the above section are seen on Mosquito
creek, at Parker’s and Piatt’s coal-mines. Those from No. 8
to 156 are well shown in the bluff exposures on the Middle
Raccoon, above the mouth of Mosquito creek; and the
remainder of the section is that which is presented in the high
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bluff escarpment on the western border of the county. In a
ravine in section 6, township 78, range 29, on the south side
of the river, other exposures of these higher beds are found.
High up the ravine, the sandstone and bituminous shales,
Nos. 26 and 27, outcrops; and in the slope above, fragments
of thin-bedded, yellow limestone occur, which probably
belong to the bed underlying the Lonsdale coal. At the
mouth of the ravine a ledge of shaly, micaceous sandstone
outcrops, which is the equivalent of No. 15, of the preceding
section.

At Duck’s mills, in section 30, township 78, range 29, about
two miles northwestward of the locality last mentioned, the
middle and upper divisions of the formation are well shown
in the bluff and ravine exposures on both sides of the Middle
Raccoon. The Marshall coal appears in the bluffs above and
below the mills; and near the head of a short ravine in the

Fia. 51.

Section at Dulec's Mills, on the Middle Raccoon.
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southeast quarter of section 80, the Lonsdale coal outerops
at an elevation of one hundred and five feet above the level of
the river. This bed is here about eighteen inches thick, and
the coal is said to be of superior quality; but as yet only a few
bushels have been taken out, by stripping off the superincum-
bent earth. The preceding section presents a general view of
the strata exposed at this locality, and shows the relation of
the coal-beds to one another:

No. 21. Dark buff shales, exposed 2 feet. Contains: Productus wquicosiatus
Chonetes mesoloba, Hemipronites crassus, (?), Martinia planoconvexa, Pleurotomaria,
Bellerophon carbonaria, and other Gasteropoda, Orthoceras.

No. 20. Lonsdale coal, 18 inches.:

No. 19. Ash-colored clays, 8 to 10 feet.

No. 18. Rather hard, shaly and sometimes heavy bedded buff limestone, 5 to

" 10 fect. Zaphrentis, crinoid stems, Productus aquicostatus, Chonetes mesoloba,
Hemipronites crassus, Mekella striatocostata, Athyris subtilita, Myalina subquadrata (2)
Pinna ————, Aviculopecten (sp. 2), Pleurotomaria, Bellerophon crassus.

No. 17. Blue, buff, and red clays, imperfectly exposed, R0 feet.

No. 16. Rather compact, bluish-gray, impure limestone, 114 feet. Cyathazonia,
crinoid stems, Polyzoa, Athyris subtilita, Martinio lineatus, M. planoconvexa, Hemi—
pronites erassus, Chonetes mesoloba, very small, Productus longispinus, P. equicostatus
Chonetes Vernewilianus, Plhillipsia.

No. 15. Black, fissile shales, %4 feet. Contains Pefrodus, and in the upper
and less bituminous part, Aviculopecten rectilateraria.

No. 14. Ash-colored clays, about 8 feet. Y

No. 13. Soft, heavy-bedded, reddish sandstone with shaly partings, greatest
thickness 10 feet. Contains Sigillaria.

No. 12. Yellow arenaceous shales, with imperfect impressions of ferns, about
5 feet.

No. 11. Marshall coal, 10 inches and less.

No. 10. Blue shales, 7 feet.

No. 9. Fragmentary, buff, impure limestone, 2 to 3 feet.

No. 8. Blue, marly clays, with same fossils as No. 7, 1 foot.

No. 7. Impure yellow limestone, in two layers, 1 foot. Productus wquicos-
tatus is very abundantin the lower layer, while in the upper one, P. muricatus is
equally common, besides Chonetes mesoloba, Hemipgonites crassus, Productus costatus,
Athyris subtilita, Plewrotomaria.

No. 6. Blue and reddish shales, 5 to 8 feet.

No. 5. Impure, buff, fragmentary limestone, decompaosed above, 3 feet.

No. 4. Blue, gray, and chocolate-colored shales, with band of dark clay, near
the top containing Petrodus, and Martinia planoconvexa.
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No. 3. Rather compact, gray sandstone, overlaid by sandy shales with
nodules in the upper part, 5 feet.

No. 2. Mottled blue and chocolate-colored shales, slightly micaceous, with
nodular band at base, 14 feet.

No. 1. Bluish, arenaceous shales, with irregular nodular bands, and more or
less compact, gray, micaceous sandstone, 9 feet exposed. The upper sandstone
layer contains Productus aquicostatus, Hemipronites crassus, Polyzoa, Pleuroto-
marie.

In the bluff exposure below the mills, an interesting
example of the thinning out of an arenaceous deposit is seen
in connection with No. 3 of the above section, which is
entirely lost at the upper extremity of the exposure, the
upper and lower argillaceous beds coming in immediate
contact. The Marshall coal in the present exposure lies
some sixty feet beneath the Lonsdale coal. It is too thin
to be of economic value, being only about six inches thick.
In the bluffs on the right bank of the river, above the mills,
this bed attains the thickness of ten inches. It is here over-
laid by the lower black shales and limestone band of the
upper-division, with only a few feet of arenaceous shales
intervening in the place usually occupied by the sandstone
No. 13. Where this latter bed appears some portions of
it may be found suitable for ordinary building purposes, but
the principal supply of building stone is derived from the
limestone bed No. 18. The lower limestone bands are worth-
less for such purposes.

Two miles southward of Redfield, in the bluffs on the south
side of the South Raccoon river, (northwest quarter of section
16, township 78, range 29), at an elevation of about fifty-five
feet above the stream, the Lacona coal and its accompa-
nying overlying bands of fossiliferous earthy limestone are
obscurely exposed, the coal being represented apparently by
a thin layer of carbonaceous shales. Ascending the valley,
two miles to the westward, in the northwest quarter of section
18, on lands of Mr. Peter Marshall, the same beds, including
a thickness of above forty-five feet of overlying strata outcrop
in the bluff on the right bank of the river, presenting the
following section:
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Fie. 52.

Section on the South Raccoon, near the Dallas and Guihrie county line.

No. 15. Light blue clays, exposed 2 feet.

No. 14. Marshall coal, 3 to 6 inches.

No. 18. Lightblue clays, with imperfect vegetable remains—ferns, &c., exposed
1 foot.

No. 12. TUnexposed; probably above 20 feet.

No. 11. Blue, ferruginous shales, exposed 3 feet,

No. 10. Finely laminated arenaceous clays, interstratified with shaly micaceous
layers, and capped by a firmer layer of yellow sandstone, 22 feet.

No. 9. Deep blue clay, enclosing pyritiferous nodules, 3 feet. Awviculopecten
rectilateraria is very abundant in this bed, which also has a few obscurely pre-
served ferns.

No. 8. Soft, yellow sandstone, 2 feet. Is irregular and sometimes its place is
occupied by the upper arenaceous portion of No. 7.

No. 7. Mottled reddish and blue clays, slightly arenaceous above, with nodules,

10 feet.
DA
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No. 6. Earthy limestone with shaly partings separating the bed inte three
layers, 8 feet. The lower layer is crowded with Productus muricatus, besides,
crinoid stems, Chonetes mesoloba, Athyris subtilite, Discina Missouriensis, Allorisma,
Aviculopecten rectilateraria. The middle layer is 4 inches thick, and is character-
ized by the great prevalence of Murtinia planoconveza; it also contains Athyris
subtilita, Rhynchonella , Hemipronites crassus, Chonstes mesolsba. The upper
layer is a rather compact gray limestone, the shelly surfaces of which are covered
with one or two species of minute Gasteropoda, and comminuted fossil remains,
amongst which the following forms have been recogaized : Crinoid stems, Chonetes
mesoloba, Productus muricatus, Nucula\?), Myal-na, Aviculopecten (sp.?) Cythere, &c.
Fragments of the bony skeleton of Ganoid fishes are also found in this layer, but

too imperfect for identification.

No. 5. Variegated yellow, blue, and chocolate-colored shales, 514 feet.

No. 4. Tough, coucretionary, bluish, earthy limestone, 5 to 8 inches. Crinoid
stems, Rhynchonella Uta, Martinia planoconvexa, rare, Productus muricatus, Chonetes
mesoloba. '

No. 8. Bituminous shales, with Petrodus, 15 inches.

No. 2. Panora coal, 6 to 10 inchces.

No. 1. Light blue shales, with obscure vegetable remains, exposed 1 foot.

The principal exposure is found in a low bluff, which rises
immediately from the water’s edge just within the western
border of the county. The Panora coal here outcrops just
above the water level. The strata dip quite rapidly to the
westward, which carries all the lower beds beneath the river
one or two hundred yards above the lower end of the expo-
sure. In a ravine half a mile east of the above outerop, the
same strata are found at an elevation of about forty-five feet
above the position they occupy in the river bluff. At both
exposures the Panora coal has been exposed by Mr. Marshall,
but it does not attain a greater thickness than ten inches,
although the quality is very good.

In the northeast quarter of section 13, township 78, range 30,
a thin seam of coal, three to six inches in thickness, was dis-
covered by Mr. Marshall, in the valley-side a short distance
above the last described exposures, which, I believe, is the
representative of the Marshall coal. The coal outcrops at an
elevation of about thirty-five feet above the river, or nearly
on the same level as the Panora coal little more than half a
mile to the eastward. The westerly inclination of the strata
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is sufficient to admit a considerable thickness of beds between
the upper layers in the river bluff exposures and this upper
coal-bed. Indeed, midway between these exposures, arena-
ceous shales appear in a ravine, which recall, essentially, the
appearance of the beds holding a correspending position in
the exposurcs, on the middle Raccoon above the mouth of
Mosquito creek, where a maximum development of the
middle division is attained, which nearly equals the average
thickness of the whole middle coal formation. But at this
locality, the middle division probably does not reach half the
thickness it presents at that locality.

On Mosquito creek, seven or eight miles above its mouth,
the Panora coal outcrops on Mr. Howell’s farm, in the
southeast quarter of section 31, township 80, range 29,
where it has been worked by stripping off the superincum-
bent shales and drift materials. The coal is about twelve
inches thick, and of very good quality. The overlying
bituminous shale and bands of earthy limestone are richly
stored with the fossils usually found associated in this
horizon. The elevation of the coal at this locality, above
the Middle Raccoon, corresponds very nearly to the level
it occupies at Parker’s mine, near the mouth of Mosquito
creek, and also in the valley-side on the south side of the
South Raccoon, two miles south of Redfield, which appa-
rently indicates that the exposure at this locality lies upon
the western flank, and but little below the crest of a low,
anticlinal undulation which has a nearly north-south trend,
Therefore, we might reasonably expect to reach the pro-
ductive or lower measures within, perhaps, less than a
hundred feet beneath the surface in the region east of
Howell’s, between the Mosquito and Panther creeks.

The first rock exposures observed as we ascend the valley
of the North Raccoon are met with in the vicinity of Adel.
On Miller’s branch, in section 34, township 78, range 26, a
vertical thickness of forty feet of strata is exposed, belonging
to the upper part of the middle division, including a thin
seam of coal near the top, which is but the representation of
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the Marshall coal. Twenty feet below the coal a band
of black carbonaceous shale occurs, which, though well-
developed here, is not a persistent member of the formation.
About a mile and a half northward, on Hickory branch,
the same beds are again met with, presenting but slight
differences from their appearance on Miller’s branch, but
showing the entire thickness of the upper sandstone of
the middle division, and the lower carbonaceous horizon of
the upper division. The Marshall coal is here one to four
inches thick, and the accompanying shales are somewhat
thicker than the corresponding beds at the former locality.
The following section gives a general view of the character of
the exposures on Miller’s and Hickory branches:

Fia. 53.

Section near Adel on Hickory and Miller's branches.

»

No. 14. Dark buff, fragmentary, earthy limestone, 6 inches, imperfectly
exposed high in the sides of Hickory branch.

No. 13. Black, carbonaceous shales, about 1 foot,

No. 12. Blue, slightly arenaceous shales, about 2 feet.

No. 11. Grayish and red sandstone, with arenaccous, shaly partings, 8 feet.
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Furnishes a good building stone, and is much employed for lintels and sills. Im-
perfectly preserved Sigillaria were found here,

No. 10. Light yellow and blue clays, upper part slightly arenaceous, 2 to 414
feet. On Hickory branch, about twenty inches from the base of the bed a thin
layer of brown clay occurs, in which are found imperfect vegetable remains—
grasses, ferns, etc., a minute Gasteropod, and a species of Beyrichia, closely resemb-
ling B. fatoidia.

No. 9. Marshall coal, 1 to 4 inches.

No. 8. Bluish, yellow, and chocolate-colored shales, with irregular ferrugi-
nous, nodular bands, and slightly arenaceous above, with obscure remains of
plants, 10 to 12 feet.

No. 7. Light buff, soft, earthy limestone, 2 feet. Crinoidal remains: Rhyn-
chonella. Uta, Hemiproniles crassus, Chonetes mesoloba, C. mucronatus, (2), Productus
muricatus, P. equicostatus, P. longispinus, vare ; Athyris subtilita, Spirifer cameratus.
Spiriferina, Kentuckenis, Martinia planoconvexa, Phillipsia.

No. 6. Alternating layers of gray, purple, and blue clays, with indurated
bands and nodules above, about 12 feet.

No. 5. Black fissile, carbonaceous shales, 1 foot. Contains Petrodus and
spines ; Garoid remains probably referable to the genus Palwoniscus, Aviculopecten
rectilateraria.

No. 4. Gray, calcareous shales, with numerous fossils, 1 foot. Productus
muricatus, P. wquicostatus, Chonetes mesoloba, Hemipronites crassus, Martinia plano-
convexa, Athyris sublilita, crinoid stems.

No. 3. Blue shales, 4 feet.

No. 2. Rather compact, irregularly bedded, earthy limestone, shaly above,
4 to b feet.

No. 1. Blue clays, exposed 1 foot, and ten feet above the North Raccoon at
both localities.

Half a mile north of Adel, in the bed of Butler’s branch, a
thin bed of coal has been opened, which is overlaid by two
feet of black carbonaceous shales and about the same thick-
ness of arenaceous clays, upon which rests thirty-five feet of
laminated arenaceous shales and a soft heavy bed and shaly
iron stained sandstone with obscure vegetable remains. The
black shales immediately overlying the coal present an
interesting fauna, comprising the following species: Discina
Missowriensis, Productus muricatus, Chonetes mesoloba, Avi-
culopecten, sp. undet., and two or three other species of
Lamellibranchiates, Pleurotomaria, Bellerophon carbonaria,
and other minute species of Gasteropoda, Orthoceras, and
small rhombic scales of Paleoniscus (?). The evidence
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furnished by the fossils enumerated from the shales overlying
the coal, seems to warrant the identification of this bed with
the Lacona coal horizon, since we know of no other carbon-
aceous bed which shows the same assemblage of fossil forms.
But this exposure occupies the same level as the beds of the
middle division on Miller’s branch, two miles to the south-
eastward, which would seem . to indicate a considerable
northwesterly uprising of the beds in order to bring this coal,
which belongs to the middle portion of the lower division, to
the surface at this locality. Three miles to the northward the
same beds are again met with in the vicinity of Chaney’s,
where they appear at an elevation but little above their posi-
tion on Butler’s branch. The Panora coal is not seen at this
locality, and the arenaceous deposit intervening between these
coals has an unusual development—if, indeed, the bed which
composes the bullk of this exposure is the representative of
that horizon.

About four miles northwestward from Adel, in a ravine on
lands belonging to Mr. Chaney, in the southeast quarter of
section 12, township 79, range 28, a thin bed of coal crops
out at an elevation of about forty feet above the North
Raccoon, where it has been wrought for several years. The
coal is twelve to fifteen inches thick, and with the overlying
beds affords a characteristic section of the Panora coal and
the upper beds of the lower-division. About seven feet
beneath the coal, a ledge of rather hard, gray sandstone was
encountered in making some excavations at Chaney’s mine.
Half a mile southeast of Chaney’s, in the southwest quarter
of section 7, township 79, range 27, a two to three foot coal-
bed outcrops fourteen feet above the level of the river,
which is doubtless the equivalent of the Liacona coal. In the
opposite side of the ravine a ledge of gray, shaly sandstone
is seen which probably belongs to the same bed as that
found underlying the coal at Chaney’s mine. This exposure
is known as Pittman’s coal bank; the bed has not been
regularly opened, and little could be ascertained respecting
the quality of the coal. 'The following section shows
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the character of the beds associated with the Panora coal
at Chaney’s mine, and also the apparent relation of this coal
to the bed at Pittman’s bank:

K16, 54.

Section at Chaney's and Pittman’s Coad Mines.

No. 10. Thin, irregularly bedded, earthy limestone, with shaly partings, 2 to
3 feet. This bed is imperfectly exposed, and contains the following fossils: Pro-
ductus muricatus, common in the lower layer; Martinia planocomvexa, prevalent in
the middle layer; Hemipronites erassus, Athyris subtilita.

No. 9. Blue clay, 4 feet.

No. 8. Blue, fragmentary, impure limestone, weathers brown, and more or
less nodular, 6 inches. Contains numerous though poorly preserved fossils,
comprising two or three species of Bellerophon, B. carbonaria, two species of
Plewrotomaria, and other Gasteropods, Nautilus, several species of Lamellibran-
chiates, Martinia planoconvexa, Athyris subtilita, Productus muricatus, P. longis-
pinus, (2), Chonetes mesoloba, Discina Missouriensis.

No. 7. Black, fissile, carbonaceous shales, 15 inches. Petrodus and spines, and
other undetermined fish remains and coprolites, Awiculopecten. vectilateraria, Pro-
ductus muricatus. "

No. 6. Panora coal, 12 to 15 inches.

No. 5. Dark blue clay, becoming arenaceous below, 5 to 7 feet,

No. 4. Light gray, rather hard, shaly sandstone, probably 5 to 10 feet.
Opposite Pittman’s coal bank this bed shows an exposed thickness of 4 feet, and
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is nearly on the same level with the sandstone seen at the base of the section at
Chaney’s mine, where the above described beds occur. At Pittman’s the follow—
ing strata appear :

No. 8. Black, pyritiferous clays, resting immediately upon the coal, exposed
1 foot. Between this and No. 4 the slope is covered with debris; it is pro-
bably occupied by shales.

No. 2. Lacona coal, with a five inch clay parting, 2 to 3 feet.

No. 1. Ash-colored and dark blue clays, exposed 4 feet.

The strata at this locality have a slight westerly inclina-
tion. The above section is almost an exact counterpart of
exposures on Coal creek, near Sandyville, Warren county,
only here the Lacona coal is considerably thicker than it is at
that locality.

On the head waters of Sugar creek, six miles southeasterly

Fie. 55. of Adel, in the southwest
quarter of section 5, town-
ship 78, range 26, near Mr.
Samuel Huston’s, and in
lots 9 and 10 of section 6, on
the estate of Mr. Frank
Graham, exposures of the
upper and lower beds of the
%" middle and Upper divisions
" of the formation afford the

Section on Sugar Creek.

No. 0. Variegated shales, becoming arenaceous above, exposed 12 feet. Seen
above Graham’s quarry.

No. 9. Compact, blue, impure limestone, 1 foot. Contains—Spirifer camera-
tus, Martinia lineatus, M. planoconvexus, Athyris subtilita, Productus longispinus, P.
Punctutus, (?), Chonetes mesoloba, Hemipronites crassus, Aviculopecten rectilateraria,
Pernopecten. (Sp. ?), Allorisma and other undetermined ZLamellibranchiates,
Phillipsia.

No. 8. Black, fissile, carbonaceous shales, 8 feet. Very regular, and contains
the following fossils: Petrodus and spines, coprolites, Aviculopecten, Discina, and
beautiful forms of delicate Polyzoa, and fucoid-like markings.

No. 7. Blue shales, 1 foot.
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No. 6. Gray, compact and shaly sandstone, in two layers, separated by a
clay parting, 15 inches. Imperfect remains of plants and charcoal particles are
disseminated through the rock.

No. 5. Blue shales, 8 feet.

No. 4. Marshall coal, 6 inches. Seen near Huston's.

No. 8. Light blue shales, 4 feet.

No. 2. Yellow, impure limestone, 8 inches. Seenin bed of creek at Huston’s.
Productus w@quicostatus, P. semirveticulatus, Chonetes mesoloba, Hemipronites crassus,
Athyris subtilita.

No. 1. Blue shales, exposed 1 foot. The base of the section is 15 to 20 feet
above the Raccoon river at the mouth of Sugar creek.

The attenuated condition of the sandstone, No. 6, is an
interesting feature in the above section; the regular thickness
of this bed is about eight feet, and it is here represented by a
thin layer little more than one foot thick. A short distance
below Huston’s quarry, in the low bluffs on the opposite side
of the stream, at an elevation of about twenty feet above the
Marshall coal, an outcropping of sandstone, about eight feet
in thickness occurs, the exact relation of which to the expo-
sures given in the above section remains somewhat in doubt.
It may, however, represent an excessive accumulation of arena-
ceous material in the lower part of the upper division, but it is
the only instance of the kind as yet known in that horizon;
or, it may represent a sudden thickening of the sandstone,
between the Marshall coal and the carbonaceous shales;
though its contrast to bed No. 6, and its apparent position is
so much higher, that it would require a considerable westerly
dip of the strata in order to reconcile the facts to the latter
inference There are one or two layers in this bed which are
sufficiently durable to be used in ordinary masonry, but the
mass of the bed is too friable to be of any value for this
purpose. The bed contains Sigillaria, which is of common
occurrence in the sandstone separating the two upper divi-
sions of this formation, and which seems to furnish additional
evidence of the identity of this sandstone and the thin bed
No. 6. The carbonaceous shales, No. 8, is exposed at inter-
vals in the banks of the stream for the distance of

half a mile above Huston’s, and finally disappears beneath
6A '
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the bed of the creek on Mr. Graham’s land. The overlying
band of limestone affords a fair building stone, for which
purpose it is much sought in this vicinity.

On one of the upper branches of Walnut creek, in the
northeast quarter of section 16, township 79, range 26, the
Marshall coal has been opened on lands of Mr. John Cutler.
The coal is about ten inches thick, and said to be of excellent
quality. It is overlaid by arenaceous clays, capped by a
four-foot bed of soft, shaly sandstone, containing imperfect
remains of ferns and Calamites and Sigillaria.

Upper Coal Formalion. The area occupied by the Upper
coal-measures in Dallas county is quite limited, the outcrops
of the formation being confined to the divide between the
Raccoon and North riversin the southwestern townships.

Four or five miles southwestward of De Soto, on the line of
the Chicago, Rock Island, and Pacific railroad, in the valley
of Bulger creek, quite extensive exposures of limestones and

Fie. 56.

Section on Bulger Creek.

4
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calcareous clays are met with, presenting a vertical thickness
of about sixty feet of unequivocal Uppew coal strata. The
strata are seen in the cuttings along the railroad, where they
have a very perceptible westerly dip along an exposure of half
a mile or more. At the lowermost, or northeastern exposure,
a slight anticlinal fold is observed which give the strata an
easterly inclination from this point, though at a slight angle,
which corresponds to the dip observed in connection with the
Middle coal-measure strata on the Raccoon below the mouth
of Bulger creek. The preceding section was obtained at this
locality, the base of which is estimated at seventy to eighty
feet above the Middle coal-formation.

No. 11. Gray and light dove colored, more or less compact, even-bedded
limestone, with marly partings, 15 feet. Contains Fusulina cylindrica, Cyathazonia,
crinoid and echinoid remains, Polyzoa, Athyris subtilita, Spirifer cameratus, Sviri-
JSerina Kentuckensis, Martinia Uneatus, Retzia punctilifera, Productus @quicostatus,
P. semireticulatus, P. longispinus, Chonetes Vernewillanus (?) Hemipronites crassus,
Meck:Via. striatocostata, Macrodon (?) and Aviculoid shells, and undetermined fish
remains, probably referable to the Ganoids.

No. 10. Black, fissile, carbonaccous shales, overlaid by dark, blue clays, which
pass upwards into yellow clays, 4 feet. In the black shales Pefrodus and spines
occur.  This layer is one foot thick.

No. 9. Compaet, dark blue fossiliferous limestone, 6 inches to 1 foot.

No. 8. Variegated, reddish and buff shales, imperfectly exposed, 10 to 15 feet.

No. 7. Bufl shales, 3 feet, passing upwards into arenaceous clays, with bands
of indurated sandy shales, all 6 feet.

No. 6. ,Soft, gray, fossiliferous, earthy limestone, in three layers, 8 fect. In
places is fragmentary and shaly.

No. 5. Gray shales, 6 feet.

No. 4. Soft, gray, shaly limestone, in places separated by layers of dark gray
shales, and is sometimes found as a single, heavy, dark-colored layer, 2 feet,
Contains Myalina subquadrata, and other common Coal-measure forms.

No. 3. Brick-red mottled clays, 8 feet.

No. 2. Very fragmentary, light gray limestone, with bands more argillaceous
than others of a pale reddish tint, 7 feet. Contains abundant remains of fossils.
among which are: Fusulina cylindrica, Zaphrentis (sp. ?), crinoidal remains, Orthis
Carbonaria, 0., sp.undet., Athyris sublilita, Spirifer cameratus, Martinia lineatus,
M. planoconvexus, Waldheimia, (sp. ?) Cryptacanthia compacta, Productus wquicostatus,
P. longispinus, two species of Lamellibranchiates, and three species of Gasteropoda.

No. 1. Grayish, bluc, caleareous shales, 2 feet, underlaid by reddish clays.
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No. 2 of the above section is a persistent, well-marked and
easily recognized horizon in the upper coal formation. Dr.
‘White first recognized the bed at Winterset, in Madison
county, and has pointed out the palseontological peculiarities
from which it derives its greatest interest. There are a few
fossil forms which, so far as present known, are peculiar to
this stratum—OCryplacanthia compacta, Tomoceras Gillianwm,
are among the number ; but there are others which have a
much greater vertical range, and some species, indeed, which
begin their existence in the lower measures and range up
through the middle formation into these upper coal horizons,
and whose geographical distribution is co-extensive with that
of the coal-measure series in the great basin of the Missis-
sippi. The same bed has been traced along the border out-
crop of the formation into Warren, and as far south as
Appanoose county, on the southern border of the State. No.
11 furnishes a fair building stone, and also makes a very
good quick-lime; it is inclined to a shelly structure and
irregular fracture, both of which qualities detract from its
value for building purposes.

West of Bulger creek, on the tributaries of Bear creek, in
the southwest cornet of the county, Upper coal-measure lime-
stones are met with at several localities. On Mr. Price’s
farm, in section 82, township 78, range 28, we find an obscure
repetition of strata, the same as in the section last described.
The bed No. 2 of that section, or the Cryplacanthia horizon,
is imperfectly exposed, low in a ravine near Price’s, and
thirty feet above it, is found a flat layer of limestone about
one foot thick, upon which rests a carbonaceous layer of the
same thickness, which is doubtless equivalent to No.’s 9 and
10 of the preceding section. Overlying the black, carbo-
naceous band, light-colored, marly clays and several feet
thickness of limestones, undistinguishable from those pre-
viously described on jthe Bulger, complete the section and
furnish further proof of the equivalency of the strata at these
localities. The last mentioned outerop is seen near Mr.
Price’s house. A spring of cool, pure water issues from the
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clays and is gathered in a reservoir formed in the single
limestone layer underneath the carbonaceous band.

A quarter of a mile southeastward of Price’s, in the
southeast quarter of section 32, township 78, range 28, on
lands of Mr. James Brown, the same beds outcrop a little
below the level they occupy at Price’s. At Mr. Barnett
Wilson’s, in section 86, township 78, range 29, the carbo-
naceous layer and the overlying limestone bed are again met
with in a ravine but a few feet below the general level of the
uplands. "The upper limestone furnishes an abundant supply
of very good building stone, superior to that quarried in the
same bed on the Bulger.

Hceonomical Geology—Coal. 1t will be apparent, after
having become familiar with the coals in this county, that by
far the greater number of exposures of this valuable mineral
product belong to the thin deposits of the Middle coal
formation. Although these deposits furnish a very excellent
combustible material, there being comparatively little pyrite
or other impurities associated with these coals, owing to their
thinness, they can be hardly worked as successfully as the
heavier beds in the Lower coal-measures. However, at the
present time, these beds are being wrought at many localities.
and the local demand for coal is largely supplied from them,
At Redfield, on the South Raccoon, and in the northern tier
of townships, the upper bed of the lower coal formation is
brought to the surface, and affords a fair quality of coal, two
to three feet in thickness. It is not improbable that in the
northern portion of the county, still lower beds in the produc-
tive measures will be discovered, at no great depth from the
surface. As soon as the demand for mineral fuel shall
warrant the necessary outlay, these lower coals doubtless will
be sought by shafting, at almost any point north of the
Raccoon and South Raccoon rivers, with the certainty of
reaching the horizons of the heavy coal deposits, at depths
varying from a few feet to one hundred and fifty feet beneath
the surface in the valleys.

Building Materials. The limestone of the Upper coal-
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formation in the south-west portion of the county will
eventually furnish the main supply of stone for building
purposes. Some of the sandstones in the Middle coal-
measures, also the thin bands of impure limestone, afford a
tolerable substitute, in the absence of a better material.
The sandstone between the two wupper divisions of this
formation sometimes affords a very fair freestone, On
Hickory Branch, near Adel, this bed is extensively quarried
and largely used in building in the town and vicinity.

Quick-lime must also be almost wholly derived from the
limestones of the Upper coal-formation when the supply from
erratic sources is exhausted. In the vicinity of Mr. Huston’s,
on Sugar creek, in Boone township, the Drift has afiorded a
large supply of limestone boulders for the manufacture of
lime. These boulders are sometimes of many tons weight,
and the labor of transferring them to the kilns often involves
as great, or even greater, outlay of time and expense as
in quarrying. The lime derived from this source is said to be
stronger and is more valued than that obtained from the
limestones of the Upper coal-measures.

The materials employed in the manufacture of common
brick are abundantly supplied by the superficial deposits.
Clay for potter’s use, and fire-brick, may be also found in the
under clays of the coal-beds in various parts of the county.

With the facilities afforded by two main lines of railway,
the Chicago, Rock Island, and Pacific, which traverses the
southern portion of the county, and the Des Moines Valley
railroad which passes northward through the eastern town-
ships, the natural productiveness of the soil, and the beauty
of the country which can be almost indefinitely enhanced by
moderate expenditures of time and taste, Dallas county must
soon become one of the most important counties in the valley
of the Des Moines.

8. WARREN COUNTY.

Warren county lies immediately south of Polk county, and
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is bounded on the east by Marion, on the south by Lucas
and Clarke, and west by Madison county. In shape, the
county is square, consisting of sixteen townships, having an
area of 576 square miles.

General Surface Features—Drainage. The Des Moines
river forms the north boundary of the northeast township,
where it receives all three of the three rivers, or the North,
. Middle and South rivers, within a distance of eight miles.
Although the mouths of these streams are so near together,
their courses diverge in a westerly and southwesterly direc-
tion, draining one of the finest regions in the State,
embracing an area of about fifteen hundred square miles.
With the exception of the southeast township which is
watered by Whitebreast creek, the entire surface of the
county is drained by the ¢ Three rivers” and their affluents.

Surface Configuration. The valleys of the Three rivers
are similar to one another, embracing narrow tracts of
bottom-land, and bordered by more or less gentle acclivities
from seventy-five to two hundred feet in height. The valley-
sides are almost always steepest upon the right or south
margin, the north side usually ascending more gradually
to the uplands. The uplands between the streams are gen-
erally gently undulating in the eastern portion of the county;
but in the western half, in the region of the Middle coal-
measures, the divides ascend more abruptly from the
valleys, and in some sections the surface is quite rolling,
though not broken. Those portions of the divides between
North river and the Raccoon and between North and Middle
rivers, within this county, are beautiful tracts of undulating
prairie, interspersed with frequent groves, and intersected by
numerous small streams and shallow ravines which perform
a thorough drainage of the region. In the southwestern
portion of the county the uplands are rolling, though the
only section that approaches a broken character is a limited
area on Wolf creek, a branch of the Whitebreast.

£orest. The forest growths at present are mainly along
the larger watercourses, where considerable bodies of timber
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are found consisting of the varieties of trees common in
central Towa. Approaching the Des Moines the timber
increases in quantity, and in many places it has encroached
upon the uplands to so considerable an extent, as to give
to those portions of the county the character of a heavily
wooded district. Ascending the streams, the forests become
more and more circumscribed, and are finally, on the smaller
streams, wholly confined to the valleys. In the southwestern
portion of the county, the uplands present uninterrupted
prairie surfaces which stretch away to the southwestward,
merging into the great prairie of the watershed divide in
Clarke county. In all sections, however, the timber is
rapidly encroaching upon the prairies, and at the rapid
rate of increase observed during the last decade, it will not
be many years before even the more sparsely wooded
portions of the county will abound with tracts of thrifty
young forests.

Soil. The soil over the entire surface of the county is
unexceptionably fertile, consisting almost uniformly of a
fine, black loam. However, in the northeastern townships,
some portions of the uplands have been denuded of the
original drift soil exposing at the surface over more or less
limited tracts, the shales of the Lower coal-measures from
which are derived the light-colored, clayey, and sandy soils
which are so frequently met with in the near vicinity of the
Des Moines river.

Water. Excellent water is obtained by means of wells at
moderate depths in all portions of the county. The larger
streams furnish valuable water-power, and the smaller ones
afford inexhaustible supplies of water for stock, the raising of
which is already become an important feature in agricultural
pursuits in the county. Springs are common in some por-
tions, particularly in southeastern townships, where they not
unfrequently appear high in the hill-sides.

Geology. Warren county presents an interesting field for
geological research, and owing to its position in the region of
the coal-measures, the explorations in this section have had
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an important practical bearing upon the development of the
economic resources of this group of strata. The geological
formations that appear at the surface in this region consist of
the Lower, Middle, and Upper coal-formations, and the Post-
tertiary deposits.

Post-tertiary—Drift. The Drift deposits, consisting of
mottled bluish and yellow clays, sand, and gravel, are
generally distributed over the county, though they do not
attain as great a thickness here as in the counties to the
northward. The thinning of these deposits is due to the
extensive erosion to which they were subjected during the
time when the valleys were in process of redéxcavation, for
that the valleys, at least many of them, date their origin
prior to the Post-tertiary period, there can be little doubt.
It mantles all the divides in the central and western portions
of the county, and also occurs largely in the valleys which it
once entirely occupied. But upon the valley-sides the deposit
is very thin, and often entirely removed, exposing the rocky
strata, or covered only by a thin layer of soil and debris.
In the uplands in the vicinity of the Des Moines, these
deposits are frequently wanting; but these denuded areas
are comparatively of small extent.

The modified portion of the Drift is not as well marked in
this region as it is in others, and the terrace formations are
inconspicuous features in the conformation of the valleys. In
this respect the valleys may be said to possess characteristics
in greater or less degree peculiar to them, and which are
applicable also to nearly all the streams that flow into the
Des Moines river, upon its right bank between the confluence
of the Raccoon river and the intersection of the Missouri
State line. The present flood-plains are invariably composed
of fine alluvial deposits, which occupy nearly the entire width
of the valleys. It is very seldom we see in this region those
high, well-marked gravelly terraces or “second-bottoms ”
which occur along the streams in northern Towa. The absence
of these interesting formations is probably due to the streams

having eroded their beds deeply into the rocky strata, which
A ‘ ; ’
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has resulted in the denudation or removal of the surface
deposits, from which the terraces derived their materials, to a
much greater extent than would take place in a region where
the streams rest in great part or wholly in the Drift.

Boulders are not commonly met with upon the uplands,
but in the ravines they have accumulated in considerable
quantities. Masses of partially abraded red-quartzite occur
in these deposits with usual granitic and gneiss boulders
prevalent in the Drift. TUpon some of the uplands a fine,
light colored clay deposit containing scarcely any coarse
materials is not unfrequently met with, the origin of which is
difficult to determine. It resembles the Bluff' Deposit of
western Towa in the firmness of its composition, and it differs
from the clayey drift immediately derived from the subjacent
coal-measure shales in as much that it forms a mellower soil
and more porous subsoil.

Coal-Measures. All three formations of the coal-measures
are found in Warren county. The lower measures outcrop
over perhaps one-third the area of the county, and are
confined to the northeastern townships. The middle forma-
tion occupies the larger remaining portion of the county, or
comprising about eight townships. The Upper coal-measures
cut across the southwestern township, and appears in isolated
patches in the uplands at several localities in the interior of
the county.

Lower Coal Formation. It is doubtless only the upper
portion of the productive or Lower coal-measure that appears
at the surface: and hence it is we find but one or two coal
horizons of any considerable thickness in this "formation,
exposed to view in the county. The lower beds in the
formation can be reached by boring, or by ordinary shafting,
though it is exceedingly difficult to direct such practical
explorations with the surety of success, when we take into
consideration the variability in the thickness of the coals
throughout this member of the coal-measures. And also the
identity of many of the exposures is not well established, for
the reason that our knowledge of this formation at the
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present time is more of a general than detailed character.
The formation, as it appears in this county, is made up of
argillaceous and arenaceous shales, with beds of soft sand-
stone and coal. Irregular bands of seplaria, and occasional
layers of brownish, impure limestone occur in various strata
of the shales at different localities.

On the North river in Greenfield township, there are a few
out-croppings exhibiting at least two beds of coal, including
also a third thin carbonaceous layer. In the vicinity of
Hoover’s mill, (sction 22, township 77, range 24), a two to
three foot coal-bed is said to appear in the bed of the river
at low water, it is overlaid by bluish and chocolate-colored
shales which enclose a six inch layer of coal at an elevation
of about twenty feet above the lower bed. A thin layer of
rather compact thin bedded sandstone is associated with
these strata which has afforded a limited supply of building
material. In the shales ferrnginous nodules oceur, but not in
abundance. Above the upper coal-seam fragments of
brownish earthy limestone are found which contain Zaplhren-
tis and Athyris sublilita. However,
the exposures were too imperfect to
render a detailed study of the locality
practicable.

Two miles above Hoover’s mill, in
the southwest quarter of section 29,
township 77, range 24, a two or three
foot bed of coal has been opened on
Mr. George Dillard’s farm, where the
following section was made:

Fie. 57.

Section at Dillard’s Coal-mine.

No. 5. Gray silicious limerock, 1 to 2 feet.

No. 4. Blue and yellow shales, 5 to 6 feet.

No. 3. Black carbonaceous shales, sometimes replaced by nodular, fossiliferous
earthy limestone, 1 to 2 feet.

No. 2. Coal, 214 to 8 feet.

No. 1. Light blue shales, about 5 feet,
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A slight northwesterly inclination of the strata carries the
coal beneath the bed of the river a few hundred yards distant.
The coal is a very good quality and has alarge local demand
for blacksmithing purposes. The outcrop at this locality
facilitates the easy working of the bed, which was being
creditably conducted by Mr. Manuel, the lessee. This bed is
probably the same as that which has been mined at Bussey’s
on the North Raccoon, in the southeast corner of Greene
county. This identification seems to be warranted by the
lithological characters of the associated strata, and especially
by the presence of the nodular limestone band, No. 3, whose
fossils, as given in the accompanying list, are quite numerous
and of the same species as those found in a similar stratum
at the above mentioned locality: Zaphrentis, Spirifer opimus
(2), Athyris subtilita, Productus muricatus, P. semireticula-
tus, Rhynchonella Uta, Nucula ventricosa, -
Pleurotamaria , Lozonema (sp. ?) Bellerophon (sp. ?),
and detached scales of Paleoniscus (?).

At Lockridge’s mill, in the southeast quarter of section 30,
township 77, range 24, a thin seam of rotten coal, accom-
panied by variegated shales, crops out in the right bank of
the river, between twenty-five and thirty feet above the water
level. A thin layer of grey calcareous rock occurs in the base
of the exposure, and in the slope above the coal, fragments of
brown, earthy limestone are seen, but not in place. This
exposure is probably equivalent to the beds which are seen
in the same bank of the river, half a mile below Hoover’s
mill. A quarter of a mile southeast of the mill, also in section
30, Mr. James Lockridge has opened a quarry in a four foot
bed of giayish sandstone, which probably overlies the strata
that outcrop near the mill. The rock is heavy bedded, with
shaly micaceous layers, and though it is quite soft, it is
much used in the neighborhood for ordinary underpinnings.
Large concretionary masses in the bed afford a more durable
building stone.

Above Lockridge’s no more exposures of Lower coal-mea-
sure strata were seen, the formation passing beneath the
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Middle coal-measures before reaching the mouth of Badger
creek. Lower down the valley, however, a short distance
above the crossing of the Indianola and Des Moines road, a
three or four foot bed of coal is reported to have been found
at a depth but a few feet below the level of the bottoms. The
excavation had been abandoned, and was filled with
rubbish at the time the locality was visited, and nothing
definite could be ascertained regarding the character of the
exposure.

Some two or three miles to the hortheastward of Hartford,
in the base of the bluffs bordering the right side of the Des
Moines valley, several openings have been made in a four-
foot coal-bed, on lands belonging to Mr. Taylor. The coal is
probably ten to fifteen feet above the level of the river, and
with the associated strata as well as the physical aspect of
the bed itself, as exhibited in the annexed section, it has
an unmistakable resemblance to the Des Moines coal horizon:

Fic. 58.

Section at Taylor's Coal-mine.

No.
No.
No.
No.

Shaly sandstone, with Sigillaria, exposed 15 feet.
Blue shales, 15 feet.

Coal, 2 to 4 feet.

Bluish clays, 5 feet exposed.

510 O
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The coal is quite variable in thickness, and is divided in
two or three layers by thin seams of clay—the lowermost
layer is regarded the best in quality, being freest from pyrite.
Notwithstanding the distance from any manufacturing town,

Fie. 59. 3 the mines at this locality are

quite extensively wrought.
The first exposure found on
w  Middle river is that at Allen’s
mill, three miles northwest of
o Hartford, where an interesting
section of Lower coal strata
i~ appear in the low bluffs upon
the left side of the stream,
" 2~ which presents the appearance

given in Fig. 59.

Section at Allen’s Mill, Middle river.

No. 4. Yellow sandstone, shaly below, 10 feet exposed.

Yellow and dark blue shales, with nodular limestone band, 724 feet.
Coal, 3 to 4 feet.

Arenaceous shales, obliquely laminated below, exposed to water level

2
o o
= 0 co

12 feet.

The coal in the above exposure is probably the same as
that seen at Taylor’s mine. Like the coal at that locality,
it is separated by two thin seams of shale, and presents
the usual thickness of that bed. An interesting example
of the irregular deposition of material during the formation
of these deposits may be seen at the upper end of the
exposure where the shales No. 8 are replaced by the sand-
stone No. 4, which rests immediately upon the coal. There
is no indication of any displacement of strata, such as might
be produced by a land-slide, and the thickening of the
sandstone, which at this point is thirty feet, still further
renders that supposition improbable. The strata have a
slight westerly inclination. The outcrop of the coal is very
advantageous for mining operations, but as yet it has been
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worked only to a limited extent, there being little demand
for its product.

At Watt’s mill, two miles above the last mentioned locality,
a heavy deposit of coal is said to occur in the river bed five
to ten feet below ordinary stage of water, masses of the coal
having been from time to time detached and washed up on
the shore by the freshets. In the adjacent river bank, blue
shales, containing concretionary masses, overlaid by a
thickness of twenty-five feet of soft sandstone and mica-
ceous shales, present a vertical exposure of forty-five feet
above the level of the river. The general similarity of the
exposure seen at this locality, and that at Allen’s mill,
would seem to be sufficient proof of their identity.

Just below the mills at Summerset, in the right bank of
Middle river, two thin seams of coal outcrop in connection
with layers of shales, sandstone, and limestone, affording the
following section:

Section at Swmmerset, Middle river.

No. 12. Thin band of dark gray, nodular limestone, containing the following
fossils: Rhynchonella, Uta, Athyris subtilita, Spirvifer cameratus, Hemipronites
crassus, Chonetes mesoloha, Productus muricatus, P. wquicostatus, Pernopecten, and
one or two other undetermined Lamellibranchiates, Bellerophon, Pleurotomaric
Lozonema.

No. 11. Yellow and red indurated shales, 5 feet.

No. 10. Dark brown, ferruginous limestone, 6 inches,

No. 9. Light blue shales, 4 to 5 feet.

No. 8. Bluish gray, earthy limestone, 6 to 8 inches. Fossils: Fusulina
eylindrica, Zaplrentis, crinoid remains, Polyzoa, Orthis carbonaria, Spirifer camera-
tus, (2), Spiriferina Kentuckensis, Martinia planoconvexa, Athyris subtidita, Retzia
punctilifera, Hemipronites crassus, (2), Chonetes mesoloba, Productus wquicostatus, P.
muricatus, and fragments of undetermined fish-spines.

No. 7. Blue, gray, and yellow gritty shales, with selenite crystals, 8 feet.

No. 6. Coul, 6 to 14 inches. At the upper end of the exposure, this bed is
divided by a four-inch clay parting, each layer being little more than 6 inches thick.

No. 5. Mottled gray, blue, and yellow shales, 5 feet.

No. 4. Grayish, concretionary sandstone, shaly above, 4 feet .

No. 3. Red indurated shales, with ferruginous nodules, and light blue indu -
rated shales, arenaceous above, with septaria, 10 feet.

No. 2. Blue and yellow, mottled shales, capped by a thin layer of sandstone,
with a two-inch seam of coal in the lower part, 4 feet.

No. 1. Soft, shaly, micaccous sandstone, exposed to water level, 2 feet.
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The equivalence of the strata represented in the foregoing
section is not known. However, they probably occupy a
lower position than the Des Moines coal horizon, and the
thin deposits of coal may be referable to certain layers found
in the valley of the North Raccoon in the extreme north of
Dallas county.

Three miles north of Sandyville, in a ravine upon the right
margin of South river, a four-foot coal bed is being mined on
lands of Mrs. Parsons, and a similar bed is reported to have
been opened on David Douglas’ farm a mile or two to the
eastward. The coal at the Parsons’ mine is separated into
two layers of nearly equal thickness by a thin seam of
pyrite or pyritiferous shale. It is said to hold its thickness
on the south side of the ravine, but in the opposite side it
becomes alternated to unworkable thickness, and rises in the
same direction. All the entries upon this side have been
abandoned on account of the thinning out of the coal, but
that in the south side, which runs parallel with the ravine a
distance of above one hundred yards, continues to hold out
and has produced a large quantity of very good coal. A
few hundred yards eastward of the mines, just below the
mouth of the ravine, in the bluffs on the river, the following

Fia. 60.

Section at the Parsons’ Coal Mine, South 1iver.
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exposure occurs, presenting the same coal-bed which is here
but a few inches thick, besides an underlying bed low in
the river bank: .,

No. 7. Dark-blue and yellow shales, 5 feet exposed.

No. 6. Dark, very compact or brittle, impure limestone, in irregular nodular
masses, sometimes entirely replacing the black shales No. 5. Containg numerous
fossils, among which are the followirg species: Productus muricatus, Rhyncho
nelle  Uta, Athyris subtilita, Aviculopecten, (sp. und’t.), Pleurotomaria, Loxonema,
Petrodus, and spines.

No. 5. Gray shales, 6 inches. In the ravine-outerop this bed is represented
by an irregular layer of bituminous fissile shale, containing Martinia planoconvexa,
Athyris subtilita, Productus muricatus, Discina, Aviculopecten.

No. 4. Coal, 4 inches. This is the representative of the four-foot bed that is
being mined in the ravine a short distance east of the river bluff’ exposure.

No. 3. Blue shales, imperfectly exposed, 20 feet.

No. 2. Coal, very irregular in thickness and highly pyritiferous, 3 to 20
inches.

No. 1. Dark-blue shales, with thin bands of nodules, exposed to water level, 5
feet.

The coal of No. 4 and its immediate associated layers Nos.
b and 6, bear a marked lithological and palseontological
resemblance to the coal described at Dillard’s mine on North
river. The relative elevation of the upper coal above the
river-level at its two outcrops shows a quite rapid inclination
of the strata to the southward; this is also indicated by the
dip of the lower coal-bed. The latter bed is too irregular,
besides being excessively charged with pyrite, to be of any
value.

Ascending the valley of South river from the last described
locality, the Lower coal strata are not again seen until
reaching a point between the mouths of Otter and Squaw
creeks, where they apparently rise again, bringing to view a
stratum of coal which is referred to the Des Moines coal, the
uppermost coal-bed in the Lower measures. The first of these
exposures is met within a ravine on the south side of South
river, two and a half miles south of Indianola, at Helm’s
coal mine. The coal is here two feet thick, and is overlaid

8A
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Fre. 61. and underlaid by soft sand-
=" stone and arenaceous shales.
e About three miles to the west-

ward of Helm’s mine, a four and
a half foot bed of coal has been
247" opened on  Mr. Randolph’s

;| farm, where the following sec-
“" tion was obtained:

Section at Randolpl’s Coal-mine, South river.

No. 8. Yellow, arenaceous shales, 5 feet exposed.
No. 2. Coal, 414 feet.
No. 1. Blue and yellow soft sandstone and arenaceous shales, exposed 10 feet.

The coal is separated into three layers by thin clay partings.
The upper clay seam occurs eighteen inches from the top, and
the lower one five inches from the bottom of the bed. The
coal has a slight inclination in a southwesterly direction.
Although the bed is hardly well opened, the quality is as
good as the average of the coals in the Lower measures. The
identity of the coal at this locality has not been settled
beyond question; but the physical appearance of the bed
approaches more nearly that of the Des Moines coal than any
other coal horizon with which we are familiar. The bed is
accessible for mining by the ordinary drift or entry process,
and as soon as the projected north and south lines of rail-
roads are completed through this region, this, as well as the
other coals in the Lower coal-measures will afford an impor-
tant revenue to the county.

The southwesterly dip of the strata doubtless carries these
beds below the level of the South Raccoon river again in the
western portion of the county, although the infrequency of
rock exposures in that section has made it exceedingly
difficult to procure data by means of which the limits of the
productive or Lower coal-measures can be accurately defined
in that direction.
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In the extreme southeast portion of the county, on Mr.
Gideon Jenck’s land, northeast quarter of section 24,
township 74, range 22, a coal-bed three and a half feet thick
crops out on Winn'’s Branch, a tributary of the Whitebreast,
where a limited exppsure may be seen, of which the following
is a section:

Section at Jenck's Coal-mine.

No. 4. Soft, ycllow, micaccous sandstone, exposed 3 feet.
No. 3. Bituminous shales, 4 feet.

- No. 2. Coal, 3 feet 8 inches.
No. 1. Light-colored shales, exposed 2 feet.

The coal at the above locality outcrops at several places
along the branch in the distance of half a mile, but no
regular mining was in operation at the time the locality
was visited. The quality of the coal seems to be good, and
the bed can be easily worked during the greater portion of
the year. The position of this bed in the series has not been
determined. Its proximity to exposures of well authenti-
cated Middle coal-measure strata on the Whitebreast, a mile
and a half to the westward, might seem to indicate its
relation to some of the upper horizons in the Lower coal
formation. At the same time, we cannot overlook the
lithological resemblance of the associated strata—which are
too limited, however, to throw much light on the equivalence
of the bed—to the Lacona coal, an irregular development
of bituminous material in the lower part of the Middle coal-
" measures, although the bed at this locality is nearly as
thick again as the Lacona coal at any of its authentic
exposures. A similar bed appears in a ravine about a
mile south of Jencks’ bank, in the northeast quarter of section
256, where it is said to be twenty to twenty-five inches thick.

Middle Coal Formation. The Middle coal-measures, as
has been already stated, outcrops over as large an extent
of surface as that occupied by both the Upper and Lower
coal formation, or about equal to half the whole area of the
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county. The eastern border of the formation forms an
irregular line which may be approximately defined as
follows: Commencing at the extreme southeast corner of the
county the border outcrop passes northward along the
eastern border of the county to a point on Coal creck, a mile
or two east of Sandyville, embracing the whole of the fine
upland tract to the east of Otter creek, in which Coal, Wolf,
and Cotton creeks take their rise; thence the line retreats
up the valley of South river to a point a few miles above the
confluence of Squaw creek, when it suddenly trends north-
eastward as far as Indianola, and perhaps even farther
eastward in the divide between South and Middle rivers,
forming a bay-like area which is occupied by the Lower coal-
measures; from Indianola a line passing in a northwesterly
direction through Greenbush to a point on North river little
below the confluence of Badger creek, from which locality the
line pursues a northerly course to the northern boundary of
the county. The western border of the formation is not as
well defined as the eastern border limits, from the fact that
in that direction this formation, as well as the succeeding
Upper coal formation, is more deeply buried beneath the
superficial deposits so that exposures in that quarter are of
rare occurrence.

The first exposures of these strata met within the north-
western part of the county, appear on Badger creek, a mile
above its confluence with North river, where beds equivalent
to the lower division of the formation afford a limited vertical
section. The uppermost exposure is in the southwest quarter
of section 19, township 77, range 25, on Mr. Josiah Smith’s -
farm, showirg the horizon of the Panora coal and the over-
lying limestones and shales, capped by an imperfectly
exposed arenaceous bed, which separates the lower and
middle divisions of the formation; the coal, however, is not
exposed above the level of the stream. The limestone layers
have been quarried to a limited extent, but it is not a safe
material even for the most ordinary building purposes where
it is exposed to the atmosphere and frosts. Descending the
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creek in a southeasterly direction, the strata dip at a conside-
rably more rapid rate than the fall in the stream in the same
direction; and before reaching its mouth the upper beds of
the exposure mentioned above are lost to view beneath the
level of the creek. Below this point, however, the strata
again rise, bringing to view the Lower coal-measures, four or
five miles to the eastward, at Lockridge’s mill. Above the
mouth of Badger creek no exposures are met with in the
valley of North river, within the county. But in the
adjoining county of Madison, the Middle coal formation, is
known to pass beneath the Upper coal-measures within a
few miles of the western boundary of Warren county.
The same beds are again shown Fie. 62.

on a branch of Middle river,
seven miles due east of the
Badger creek exposures,. and a
mile and a half southwest of
Greenbush, where a very satisfac-
tory section was obtained as given
below:

Seetion near Greenbush.

No. 7. Blue and yellow clays, with indurated bands, exposed 4 feet.

No. 6. Soft, bluish yellow, earthy limestone, in three layers, separated by
shaly partings, ® fect. The Productus muricatus is very abundant in the lower
layer, while in the upper one Martinia planoconvexa prevails besides other forms
usually found in this horizon.

No. 5. Dark blue shales, 6 feet.

No. 4. Rather hard, blue, impure limestone, forming an irregular nodular
band, 6 inches. Productus muricatus, Bellerophon, etc.

No. 3. Black, carbonaceous shales, with Petrodus, 6 inches.

No. 2. Panora coal, 1 foot.

No. 1. Lightand dark blue shales, exposed to bed of branch, 10 feet.

The coal at this locality has been wrought by stripping off
the superimposed strata and earth. That portion of the
section, No. 3 to 7 inclusive, is precisely like the exposures
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on Badger creek. In the upland between Middle and North
river, higher strata in the Middle coal-measures doubtless
oceur, but as yet we have learned of no exposures, save a
few feet along the deeper watercourses which belong to the
lower division of the formation.

So far as known, no Middle coal strata outcrop immediately
along South river. But in many of the small branches and
ravines upon the south side of the valley, and also at a single
locality on the north side at Ginder’s, these strata have been
found at several places. The first exposure observed on
ascending the valley is formed on a small branch on the east
side of the river, near the Indianola and Knoxville road,
probably in the northeast quarter of section 30, township 76,
range 22. At this locality a fifteen inch coal-bed outcrops in
the bed of the branch, and is overlaid by the black shales and
fossiliferous limestone layers which characterize the horizon
of the Panora coal, to which this exposure doubtless belongs.
This outcrop is probably thirty-five to forty feet above the
level of South river. In the adjacent valley-slope a consider-
able thickness of argillaceous arenaceous shales appear in
the road-side which probably belong to the base of the middle
division of the formation. '

Upon the north side of the valley in the northwest quarter
of section 25, township 76, range 23, on Mr. Alex. Ginder’s
estate, the same beds are again met with at about the same
elevation above the river as at the former locality. The
Panora coal at this place is said to be from fifteen to twenty
inches thick, and at one time was worked to a limited extent
by stripping off the overlying materials. The limestone
layers overlying the coal are replete with organic remains
which present the same association of species and abun-
dance of individuals which constitute so prominent a
pal@ontological feature of this horizon. About one-
quarter of a mile east of the coal bank, at an elevation
of about one hundred feet above the river, a heavy bedded
silicious limestone outcrops, which has been extensively
quarried for underpinnings, &e.



MIDDLE REGION OF WESTERN IOWA. 63

On Coal creek, a mile and a half southeast of Sandyville,
several interesting exposures were examined, exhibiting a
vertical thickness of sixty feet, including the horizon of the
Panora coal and an underlying twenty-inch coal-bed, the
equivalent of the Lacona coal. These strata are finely
exhibited in the low bluff, near the ford on Mr. Anthony’s
farm, (northwest quarter of section 26, township 76, range
92), at which place the following section was measured :

Fia. 63.

Section on Coal creek, near Sandyville.

No. 11. Blue shales, arenaceous above, exposed, 5 feet.
No. 10. Thin bedded, fossiliferous, impure limestone, 2 feet.

No. 9. Grayish-blue, indurated shales, 4 to 5 feet.

No. 8. Impure, brownish, fossiliferous limestone, 8 inches. 3
No. 7. Carbonaceous and gray shales, with fossils, 15 to 20 inches.

No. 6. Panora coal, 18 inches.

No. 5. Light-colored shales, about 18 feet.

No. 4. Bluish gray, rather compact micaceous sandstone, 5 to 8 feet,
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No. 3. Blue shales, about 4 feet.

No. 2. Lacona coal, 15 to 20 inches.

No. 1. Light and blue clays, with ferruginous nodules and septaria, underlaid
by gray, shaly sandstone, exposed to bed of creek, 20 feet.

Bed No. 10, of the above section, consists of three layers
of bluish-gray, earthy limestone separated by clay partings.
The lower layers contains Productus muwricatus in great
numbers ; Martinia planoconvera occurs abundantly in
the middle layer, while in the upper band Productus equi-
costatus is the prevailing fossil. Besides the above species,
the following are found in these layers : Choneles mesoloba,
Hemipronites crassus, Hdmondia, and crinoidal remains.
The black carbonaceous shales, No. 7, afford a small species
of Lingula, Productus muricatus, Macrocheilus (?) Petrodus
and spines. '

The cap-rock, No. 8, contains RAynchonella Uta, Athyris
sublilita, Martinia planoconvexa, Spiriferina Kentuckensis,
Hemiprowites crassus, Chonetes mesoloba, Produwctus muwri-
catus, Pleurotomaria —. The Lacona coal, No. 2, is
sometimes overlaid by bituminous, slightly calcarcous shales
in which are found Productus cquicostatus, common, P.
muricatus, Leda bellastriata, Bellerophon carbonaria, Lozo-
nema, ete. The upper portion of the section, including the
Panora, appears in a ravine a few yards south of the bluff
exposure. Both coal-beds have been wrought on a small
scale. The sandstone separating the coals is sufficiently
durable to be used in common masonry. The entire section
closely resembles the exposures on the North Raccoon at
Chaney’s, four or five miles above Adel, in Dallas county,
with which it is identical. The strata have a slight westerly
inclination, which in the distance of half a mile or less brings
the Panora coal down to the level of the creek, as shown
at the exposures in the northeast quarter of section 27.

Below the above locality no rock exposures are seen along
the course of Coal creek, within the county. But above, in
the direction of Hammondsburg, exposures are more or less




N
<

MIDDLE REGION OF WESTERN IOWA.

frequent, and in the immediate vicinity of the latter place the
middle and upper divisions of the formation are well
developed.

In the uplands to the southward of coal creek, and east
of Otter creek, in Belmont and Whitebreast townships,
comparatively few rock exposures are met with. Those
which have been examined, show the same beds as seen at
Anthony’s. Of these may be mentioned the coal-banks on
sections 2, 4, 21, and 27, township 75, range 22, or Belmont
township, the two former on branches of Coal creek, and the
latter on tributaries of Wolf creek. All these exposures
display but a limited vertical section. The coal very uni-
formly averages about fifteen inches in thickness, and is very
good in quality. None of the banks are extensively worked;
indeed, the coal, in most cases, is obtained by stripping off
the overlying earth, no regular entries having been made into
the bed.

In the south part of Whitebreast township, we find the
same beds again, with a fine Fie. 64,
exhibition of the coal-bed beneath e
the Panora coal, which has been
designated as the Liacona coal, from t
its fine development in the vicinity
of the village bearing that name.
At Dunkin’s mine, on Flank creek,
in the northeast quarter of section
4, township 74, range 22, this bed /==
attains the thickness of thirty £A——c— ==
inches, and, in connection with its associated strata, presents
the following section:

o

Section at Dunkin’s Coal-mine, Flank creck.

Yellow and reddish shales, exposed, 5 feet.
' Soft, micaceous sandstone, imperfectly exposed, 2 feet.
Blue shales, ferruginous below, 9 feet.
Slightly calcareous, indurated, bituminous shales, with fossils, 2 to

=
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4 feet.
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No. 2. Lacona coal, 20 to 30 inches.
No. 1. Yellow and blue shales, resting upon arenaceous bed, exposed to bed
of stream, 10 feet.

The bituminous shale overlying the coal is charged with
fossils, amongst which the following species were recognized :
Productus equicostatus, abundant, P. muricatus, Athyris
sublilita, Leda bellastriata, Solenomya radiata (?), and
another small Lamellibranchiate, Lozonema multicostata (?),
Bellerophon carbonaria, and a minute undetermined species
of Gasteropod. The coal is of superior quality, being quite
free from pyrite and other impurities. The bed can be easily
wrought, being above the floods and accessible. The present
entry reaches into the hill about one hundred feet. The bed
seems to rise in a northwesterly direction, which is also indi-
cated by the relative level occupied by the same bed at
exposures above and lower down the creek.

About one mile northwest of the last mentioned locality,
probably in the northwest quarter of section 33, township 75,
range 22, apparently the same coal has been opened on land
of Nicholas Brown, where it is reported to attain the thick-
ness of three to three and a half feet, and is overlaid by
bituminous shales as at Dunkin’s mine. A mile and a half
east of the latter mine, the same horizon again outcrops in
the bank of the creek on Mr. Hodson’s farm, (northwest
quarter of section 2, township 74, range 22), but the coal is
here only ten inches thick. Indeed, the members of this
horizon are here so attenuated, that at first glance we might
fail to recognize its real relations. But in the adjacent
valley-slope the Panora coal and overlying fossiliferous
limestone bands crop ont, affording indubitable evidence
of the identity of the lower coal with the bed seen at
Anthony’s and elsewhere. The bituminous shale which
rests upon the coal at Hodson’s bank is charged with
fossils which furnish additional proof of the identity above
referred to. The following species were obtained here in
addition to those observed in the same stratum at Dunkin’s
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mine : Hemipronites crassus, Chonetes Vernewilianws, Naa-
tilus occidentalis.

Again, on Whitebreast creek, and also on Cotton and
Stony branches, the same beds appear at several localities,
presenting, essentially, the same physical appearances
before described. In the right bank of the Whitebreast,
probably in the southeast quarter of section 23, township
74, range??, a few hundred yards below the Lacona and
Newbern road, we find a vertical exposure of twenty-five
feet, in which the Lacona coal is seen, but it is here accom-
panied by some irregular deposits not heretofore observed
in connection with this horizon. The exposure occurs in a
sharp bend of the creek, along the right bank of which the
out-cropping is bared for several yards. The coal is fifteen
to eighteen inches thick, and dips gently to the northeast-
ward. It is underlaid by light-colored clays, containing
large masses of sepfarie; and immediately overlying the
bed, an indurated, slightly calcareous, bituminous shale
occurs which is charged with the same fossils found in a
corresponding position at Dunkin’s mine and elsewhere.
But this layer entirely disappears at the upper extremity
of the exposure, its place being occupied by a four to six-foot
layer of dark-blue and grayish gritty, shales, which are over-
laid by a soft micaceous sandrock and indurated arenaceous
shales, and which are in turn overlaid by an exposed thick-
ness of ten feet of variegated yellow, blue, and reddish
shales. In the debris at the foot of the bluff, fragments of
fossiliferous earthy limestone are found which are undis-
tinguishable from the layers that overlie the Panora coal,
indicating the presence of that horizon at a higher elevation
in the slope above the bluff out-crop.

Immediately above the Lacona bridge, in the right bank
of the Whitebreast, six feet above the bed of the stream, a
six-inch layer of rotton coal out-crops, which is doubtless the
representative of the bed last described at the locality a few
hundred yards below the present exposure. The bituminous
shale is wanting here, and the micaceous sandstone presents
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a bed six feet in thickness and is overlaid by an indurated
argillo-arenaceous rock similar to that found in the same
position in the exposure at the lower locality. In the slope,
upon the east side of the creek, shales and soft sandstones
are imperfectly exposed, but no indication of the presence of
the Panora coal was observed, although it probably exists
here. On Stony branch, in the southwest quarter of section
34, township 74, range 22, the Lacona coal is found low in
the bank of the stream, where it is some eighteen inches
thick, overlaid by bituminous shales and soft, micaceous
sandstone. Half a mile below, at Howell’s coal-bank, the
coal out-crops at the water-level. At this point, a small
quantity of coal has been dug from the bank, but no regular
working has been begun in the bed. The sandstone above
the Lacona coal is often sufficiently firm to answer for under-
pinnings and walling up of wells. On Mr. D. S. Myers’
farm, a short distance below Howell’s coal-bank, the sand-
stone has been quarried, to some extent, for building stone.
High up the course of Stony branch, in Lucas county, the
same horizons are met with at intervals, which are mentioned
under the head of that county.

Half a mile south of Lacona, on the south side of Cotton
creek, the Panora coal has been opened at an elevation of
about thirty feet above the bed of the stream, and is reported
to be above twenty inches thick. The fossiliferous limestone
layers, which constitute so persistent a feature of this horizon,
are imperfectly exposed at several places in this vicinity,
their outcrops always agreeing with the level occtipied by the
coal-bed to which they everywhere hold the same relation.

In the foregoing pages we have purposely confined our
observations to the lower-division of the Middle coal-
measures, which we have traced from the northwestern to
the southeastern borders of the county. It now remains
to mention a few localities in the middle and upper divisions
to complete the brief summary of the local peculiarities
presented by this most interesting formation within the limits
of Warren county.
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A short distance below Lawrenceburg, in the right bank
of Oftter creek, a coal-bed about one foot thick outcrops
two or three feet above the water-level, npon which rests some
thirty feet of clays and micaceous shales. ILess than a
hundred yards below this exposure, at the ford, the fossilifer-
ous limestones associated with the horizon of the Panora
coal rise to view above the bed of the creek, but the coal
was not discovered. The bed at the upper exposure belongs
to an irregular or locally developed deposit above the
Panora coal, which is designated as the Wheeler coal, and
though it here presents an excellent quality of coal, it is too
thin to work profitably. The Panora coal may, doubtless,
be reached by boring, and it seems not improbable that
the coal next below that bed, or the Liacona coal, may be
found at a depth of twenty to thirty feet at the ford. The
latter bed, however, is so variable, thickening and thinning
even in short distances, that it is impossible to say with
certainty where it exists or where it has entirely thinned
out. The southerly dip of these strata continues as we
ascend the valley of Otter creek, which brings down the
lower carbonaceous horizon of the upper-division to the
water-level a mile and a half above Lawrenceburg. In
the adjacent hill-sides the Upper coal-measures appear,
presenting one of its most peculiar and best known horizons,
the ¢ Cryptacanthia bed,” at an elevation of seventy feet
or thereabout above the stream. These exposures occur in
section 17, township 74, range 23, on lands of Mr. Wm. Cole,
who informed wus of the occurrence of a sixteen inch coal
deposit in connection with the lower carbonaceous horizon
in the upper-division. The bed is overlaid by the usual
cap-rock of impure limestone which is abundantly charged
with the fossils common to the layer.

Following down the beautiful little valley of Otter creek,
whose eastern margin is limited by low sparsely wooded
bluffs, while the opposite rises in more gradual ascents to the
undulating upland prairie, between this stream and Squaw
creek, the next rock exposures which were examined, outcrop
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in the numerous ravines that intersect the upland in the
vicinity of Hammondsburg. The lowest strata met with
at this locality belong to the middle beds of the middle-
division, passing upwards to the uppermost beds of the
upper-division, affording a vertical section of above one
hundred feet. On lands belonging to Mr. Sanford Brown,
in the northwest quarter of section 9, township 75, range 23,
a fine exposure may be seen in a ravine tributary to Otter
creek, which exhibits the Marshall coal and an unusually
exaggerated development of the sandstone which marks
the dividing line between the middle and upper divisions
of the formation. The exposures also derive some interest
from the occurrence of a thin seam of coal in connection
with an irregularly developed carbonaceous shale under-
lying the horizon of the Marshall coal, and also by the

F1e. 65

Section at Hammondsburg.
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presence of a considerable thickness of the upper-division
in the imperfectly exposed slope above the sandstone.
The data obtained from the examination of this exposure
are given in the preceding section, in which is included
the Lonsdale coal, as it appears high in the sides of the
ravines a short distance west of the village, presenting a
general view of the strata exposed at this locality:

No. 13. Lonsdale coal, 15 inches ; overlaid by fossiliferous bituminous shales.
No. 12. Shales, probably 15 feet.
No. 11. Thin bedded limestone, 2 to 5 feet.

Bituminous shale and thin seam of coal, 13 inches.
Blue shales, exposed 1 foot.

No. 10. Yellow, red, and blue shales, 30 feet.
No. 9. Coal, 10 inches, overlaid by black shale and impure limestone.
No. 8. Soft, heavy-bedded sandstone, 34 fect.
No. 7. Yellow arenaceous shaleg, 10 feet.
No. 6. Marshall coal, 1 foot.
No. 5. Light-blue shales, 7 fect.
No. 4. Thin-bedded fossiliferous earthy limestone, 2 feet.
No. 3. Blueshales, 4 feet.
2.
il

That portion of the above section, including Nos. 1 to 11, is
seen in the vicinity of Brown’s quarry and limekiln. The
lowermost bituminous shale (No. 29. General section of
Middle Coal-measures) is here accompanied by a two inch
seam of coal, which, though unimportant, is interesting from
the fact that it is the only known instance of the deposition of
coal in this horizon which is not a persistent member of the
formation. The limestone layers of No. 4 are charged with
Productus muricatus, besides P. wquicostatus, Chonetes
mesoloba, Athyris subtilita, Spirifer cameratus, Zaphrentis.
The Marshall coal, No. 6, is known at two or three different
exposures, where it shows a persistent bed of one foot of
beautiful light coal. The sandstone, No. 8, is quite variable
in thickness, at some exposures the lower portion is repre-
sented by arenaceous shales and only the upper five or ten
feet are massive. At Brown’s quarry it assumes the appear-
ance represented in the section—a heavy-bedded, soft, reddish
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sandstone with a two-foot layer of shale in the upper portion.
This rock has been quite extensively quarried in the vicinity
of Hammondsburg; a large part of the stone used in the
construction of the Court-House in Indianola, was obtained
from these quarries. Generally, however, it makes an
indifferent material for building, and great care should be
exercised in selecting the stone for such purposes. The lower
carbonaceous horizon in the upper-division, No. 9, is well
exposed in the northeast quarter of section 14, where the
bituminous shales rest upon a ten or twelve inch coal-bed, and
are overlaid by a thin band of impure limestone containing
great numbers of Productus muricatus, a fossil usnally rarely
found in this stratum. The limestone bed, No. 11, is seen in
nearly all the ravines, its outerop usually being marked by
shelly fragments of the rock which strew the slope. It makes
a strong though rather dark lime, and is sometimes quarried
for building stone. It contains comparatively few well
preserved fossils at this locality, among which were noticed
Productis equicostatus, P. Nebrascensis, Athyris subtilita,
Helodus (sp. undet.) In a ravine a few hundred yards west
of the village, in the northwest quarter of section 14, on lands
belonging to Mr. R. M. Hightower, (to whom we are indebted
for valuable information respecting the location of rock -
exposures in all portions of the county), a bed of coal,
fifteen inches in thickness, outcrops at onme or two places,
where it is accompanied by an overlying bituminous shale
containing numerous fossils, of which the following forms
have been identified: Produwctus muricatus common, Athyris
subtilita, Plewrophorus (?), Allorisma, Bellerophon carbona-
7¢e. This horizon is probably referable to the Lonsdale coal,
although the fossils are not as abundant here as at the typical
locality in Guthrie county:; but the general character of the
outcrop is not essentially different.

In the extreme southwest corner of the county, one and a half
miles northwest of New Virginia, in the banks of Limestone
creek, a limited exposure of the lower carbonaceous horizon
of the upper division may be seen, in which a fourteen inch
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coal-bed appears. The coal rests upon blue shales, and is
overlaid by three and a half feet of bituminous shale, capped
by a bluish, impure lime-rock from eight to eighteen inches
thick. The bituminous shales contain a few fossils, as also
does the limestone. The following species*were recognized in
the former: Zingula Aviculopecten, Beyrichia America:a
Petrodus; and in the latter: Martinia planoconvexus, Cho-
netes me. ol:ba, Productus longispinus, Allorisma, Bellerophon
crassus. The coal is of good quality for blacksmith’s use,
but in consequence of the thinness of the bed it has never
been regularly opened.

Upper Co:l Fo maion. This formation occupies a com-
paratively limited area in Warren county. Its eastern
border crosses the extreme southwest township, probably
trending eastward from New Virginia through the southern
tier of townships, half-way across the county, and thence
southward into the adjoining counties of Clarke and Lucas.
However, outliers of Upper coal-measure strata are found in
the more central portions of the county, but it is believed that
these patches are not continuously connected with the main
formation, they are probably remnants that have escaped
the denuding agencies which swept away the bulk of the
formation in its eastward extension over the county.

One of the supposed outliers is met with in the neighbor-
hood of Lawrenceburg, which was incidentally referred to in
the notice of the middle coal strata that also appear at that
locality. The exposure oceurs in the hill-side bordering the
east bank of Otter creek in section 17, township 74, range 23,
where a four foot ledge of light gray, fragmentary limestone
makes its appearance at an elevation of about seventy feet
above the stream. The lithological characters of the bed, no
less than the organic remains which abound in the rock,
indicates its identity with a well known bed in the Upper
coal-measures, the ‘ Cryptacanthia bed” of the Winterset
section. The following species of fossils were found in
considerable abundance at this locality, and strongly recall

the palmontological appearance of the horizon at other
10A
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and more or less distant localities in adjoining counties :
Crinoidal remains, Orthis carbonaria, Athyris subtilita,
Siprifer cameratus, Martinia lineatus, Retzia, punctilifera,
Productus longispinus, Waldheimia ()., Cryptacanthia com-
pacta, Syntrielasma hemiplicata, Tomoceras Gillianwm, and
two or three other species of Gasteropoda. The rock is too
fragmentary, as a general thing, to be valuable for building
purposes, but it is said to produce a good quality of quick-
lime for which purpose it has been considerably quarried.

About two miles west of the village of New Virginia, on
the head waters of Limestone creek, one of the lowermost
caleareous horizons of this formation shows itself in the bed
of the stream, presenting a four foot bed of rather compact,
bluish gray, earthy limestone, in five or six layers, separated
by thin, shaly partings, in which the following fossils are
abundantly found: Fusulina cylindrica, crinoidal remains,
Rhgynchonella Uta, Orthis carbonaria, Athyris subtilita,
Spirifer cameratus, Spiriferina Kentuckensis, Martinia
planoconvexa, M. lineatus, Retzia punctilifera, Hemipro-
nites crassus, Productus longispinus, P. costatus, Platy-
ceras (?) (sp. %), Bellerophon crassus. The durability of the
stone for building purposes, and the facility with which the
bed is quarried, renders this exposure of much importance to
the country round about.

The Upper coal-measures may, and probably do, extend
to the eastward of the Lawrenceburg locality, in the divide
between the Whitebreast and Otter creeks. But no exposures
of these strata in this region came to our notice, though they
may possibly outerop in the ravines on the head waters of
Wolf creek.

. Beonomical Geology—Coal. Warren county is well sup-

plied with miueral fuel. The heaviest deposits of coal are
those belonging to the Lower coal-formation, and which
are mined to a more or less considerable extent at several
points in the northeastern portion of the county. The Lower
coals, however, are not of a uniform economic value, although
for ordinary purposes as a fuel they will continue to supply
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a steadily increasing demand as the manufacturing interests
of the county become more fully developed. Beneath the
beds that outerop at the surface in this portion of the county,
there are doubtless other and perhaps even thicker deposits
of coal, which may be reached by shafting as soon as the
demand shall warrant the expense and risks incurred in
making such practical explorations. The knowledge we
possess at the present time regarding the distributiqn of the
lower coal denosits, is insufficient to enable any estimates
approaching accuracy to be made as to the position and
occurrence of these beds at localities distant from their known
outecrop. But that such deposits do exist beneath the beds
already known in this region, there ean be no doubt, and the
depth at which they may be encountered can only be deter-
mined after a detailed study of the iormation to which they
belong, or by the more expensive alternative of practical
exploration, by means of boring and shafting. Boring for
coal so often proves unreliable in the data thus obtained,
but, in a region where we are pretty sure underlying deposits
occur at moderate depths beneath the surface, shafting gene-
rally turns out to be the most economical method for making
these explorations.

The Middle coal formation also possesses several coal
horizons, some of which are of sufficient thickness for
working on an extensive scale. As a rule, the coals of this
member of the coal-measure series are remarkably free from
impurities, and for many purposes it is far superior to the
average produet of the beds in the Lower formation. There
are six coal beds in this formation, three of which are
persistent. The lowermost bed, though it is not a persistent
horizon, is usually the best developed bed in the formation,
locally reaching a thickness from three to four feet, as in the
region about Lacona, from which locality the bed receives its
name. The thinner beds, where their outcrop is favorable,
are usually worked by stripping off the overlying deposits,
and the coal taken out as in quarrying. But as yet none of
these coals have been worked to any considerable extent in
the county.
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No coal beds are known in the Upper coal-measures in the
county. The aggregate thickness of the coal deposits found
in Warren county is somewhere in the vicinity of fifteen feet.
Of these there are at least four workable beds, two in the
Lower and two in the Middle formation. There is no
portion of the county where the Lower coal-measure deposits
may not be reached at the depth of one hundred to three
hundred feet from the surface in the valleys, and over much
of its area even at less depths.

Building Material. Good building stone is not abundant
in the county. Both the Lower and Middle coal formations
afford sandstones ; but these beds are generally soft and
shaly, and it is necessary to use much care in selecting the
rock when it is designed to be used in permanent structures.
However, some of these layers are said to harden after
removal from the quarry, and being soft when first quar-
ried, the stone is easily fashioned into any desired shape.
Probably the most extensive sandstone quarries are those in
the vicinity of Hammondsburg. There are other quarries
near Sandyville, and in the right bank of Squaw creek,
four to six miles above its mouth, extensive exposures of
Lower coal-measure sandstone occur, portions of which may
prove to be valuable for building purposes. Limestone is
much less abundant than sandstone, and beds sufficiently
pure for making quick-lime have been found at but few
localities. The limestone bands in the middie coal forma-
tion seldom furnish a durable building stone, owing to the
facility with which they disintegrate from exposure. Karth
for the manufacture of brick is found in all portions of the
county, and from the fact that the county is well supplied
with both wood and mineral fuel, the deficiency of rock
suitable for building purposes is more than compensated by
the cheapness with which a good quality of brick may be
supplied.

No valuable deposits of iron are known to occur in the
county, although ferruginous mnodules are mnot unfre-
quently met with in the coal-measure shales. The economic
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importance of these formations in every other respect is
inestimably suboidinate to the coal product.

9. LUCAS COUNTY.

Lucas county lies in the second tier of counties north of the
Missouri State line, and embraces twelve townships, or an
area o' three hundred and eighty-four square miles. Tt lies
immediately south of Warren and Marion Countie's, and is
bounded on the east by Monroe, west by Clarke, and on the
south by Wayne county.

General Surface Features—Drainage. The southern tier of
townships is watered by Chariton river, which takes its rise
a few miles to the westward in the adjoining county of Clarke.
The principal portion of the county is drained by affluents of
the Des Moines river, several of which take their rise within
its borders. The principal one of these is Whitebreast creek;
the others are the North and South Cedar creeks, English
Little Whitebreast, and Otter creeks. The drainage of the
two northern tiers of townships flows to the northward, while
that of the southern tier reaches the Missouri through
Chariton river. There is hardly a county in the State that
has a more complete system of watercourses—every township
being traversed by one or more of the principal streams
mentioned above, besides numerous tributaries which intersect
the uplands in every direction, affording abundant supplies
of water.

Suzface Configuration. Situated upon the Great Water-
shed of the State, which crosses the county in a general east
and west course, its topography differs in some respects from
that of the counties upon the lower courses of the streams
which have their sources in this region. Although the
‘Watershed divide in this part of the State does not form the
highest land between the Mississippi and Missouri, which
indeed lies wholly within the Missouri drainage area several
miles to the westward in Union county, it still comprises one
of the most elevated portions of the county, attaining in the
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vicinity of Chariton, an elevation of about one thousand feet
above tide-water. This tract comprises a narrow strip of
comparatively level land, whose steeper declivity faces the
south along Chariton river; that is to say, the general slope
is more gradual upon the northern side of the watershed
than it is to the southward, which doubtless is attributable to
the presence of numerous small streams which take their rise
upon that side of the divide. The Chariton winds along the
southern foot of the divide, receiving but few tributaries upon
its north bank, while on the opposite margin several impor-
tant affluents gain the stream, the largest of which in this
county is Wolf creek. Even the subordinate divides that
form the uplands between the streams that flow into the Des
Moines, possess in a greater or less degree, the same
features common to the Great Watershed: they are beautiful
tracts of undulating or nearly level prairie, possessing a
black, fine soil, and mantled with luxuriant herbage. On
approaching the watercourses, the uplands become broken
and furrowed by deep ravines which are not unfrequently
occupied by dense growths of young forests.

The valleys are, in all cases, well marked, being defined
by more or less abrupt upland declivities upon either one or
orther margin and sometimes upon both. But it is more
usual to find the slope upon one side of the valley less abrupt
than that upon the opposite, although along the smaller
streams this peculiarity is not noticeable, both sides being
bounded by steep bluffs, which rise from the narrow intervale
lands immediately bordering the streams. The larger streams
have excavated their valleys to the depth of two hundred feet,
and along portions of their courses fine alluvial tracts are
found. These bottom-lands, however, constitute but an
inconsiderable area compared with that embraced in the
uplands. They are subject to annual or periodic inundation
from freshets, so that they have not been resorted to for agri-
cultural purposes, even proportionally to the same extent as
have the upland prairies, which are being rapidly improved
by a class of intelligent and thrifty agriculturists. The valley
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of the Chariton is occupied by a low, wet bottom, varying from
a quarter to half a mile in width, and valuable at the present
day mainly for the grasses it produces. Although the bottoms
on the Whitebreast are also subject to overflow, there are
considerable tracts of cultivated land, besides bodies of
valuable timber.

As was observed in reference to the valleys in Warren
county, terraces of marked conformation are rarely seen
along the streams in this county. It would appear that the
absence of these formationg in the valleys in this region is
due to the fact that the materials which enter most largely
into the composition of terraces do not exist here in the same
abundance as in the counties to the northward, where these
formations display their most characteristic and pleasing
features. All the streams have eroded their beds deeply into
the subjacent strata of the coal-measures which form the
greater portion of the bordering upland slopes upon which
very little coarse material of the Drift Deposits remain; and
the fine sediments derived from the disintegration of the
coal-measure shales do not seem to have afforded the proper
materials for the formation of terraces. However, in the
valley of Whitebreast creek, near Wheeler’s mill, in Liberty
township, there exists what was once a wide flood-plain that
istretched across the valley from the east side occupying a
considerable portion of its area at this point. The bench has
an average height above the present level of the stream of
about thirty feet. It is apparently in part made up of an
outlier of undisturbed Middle coal-measure strata, and in
part by fine deposits of the river. At the time of its forma-
tion the stream flowed along the western margin of the valley,
its old bed being distinctly traced and even yet occupied by
the stream in high water. But at a subsequent period the
stream shifted its channel to the east side of the valley,
cutting through the terrace and exposing a limited thickness
of the Middle coal-measures near the present site of Wheeler’s
mill. The streams themselves are margined by steep, muddy
banks, and their current is more or less turbid from the
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amount of fine sediment held in suspension by the waters, in
this respect resembling the streams throughout the southern
extension of the coal-field.

Springs do not occur frequently, though they appear occa-
sionally in the valley-slopes. In an early day, ¢ deer-licks”
were known at various places, but these have gradually
disappeared as the country has become settled, and the
reported salt or brine springs are no longer to be found, even
if they exist.

Soil. In the valleys we invariably find a deep, fine soil,
highly charged with humus. The adjacent uplands have
contributed greatly towards enriching the valley deposits,
and in many cases the border slopes are almost entirely
denuded of their humus charged soil, presenting in such
situations large patches of yellow clay soil. Indeed the
subsoil over the larger portion of the uplands is of a decided
argillaceous character, which was probably derived from the
disintegration of the coal-measure shales. Wherever the
Drift Deposits occur to any considerable extent, the surface
goil is more porous and less liable to become unmanageable
in wet seasons.

Iorests are well distributed over the county, occurring
mainly along the streams, and often densely wooding the
more broken lands of the border uplands. It is a noticeable
fact that, along that portion of the streams having an east
and west direction, the densest growth of timber is found
upon the south side, while the opposite slope may be quite
destitute of trees. The varieties of trees here found are-the
same as those mentioned as commonly found in Warren
county. The growths are small, but there seems to be ample
for the present necessities of the inhabitants.

Geology. 'The superficial or Post-tertiary deposits and the
coal-measures comprise all that is to be seen at the surface of
the geological structure of the county. Of the coal-measures,

“probably all three of its formations exist here, but the Middle
coal-measures outcrop over the larger area ; the Lower coal-
measures occurring in the eastern portion of the county,
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while the upper formation is only known by a single expo-
sure, although this member doubtless, underlies a considerable
portion of the western and southwestern townships.

Post-tertiary. The Drift deposits, although generally dis-
tributed over the county, do not present a conspicuous feature
in its geology. These deposits are made up of blue and
mottled clay charged with gravel and boulders, and outerop
rather high in the valley-slopes. In the high prairies they
are seldom seen, if indeed they are present at all, which also
explains the infrequency of boulders and gravel in those
situations. Red quartzite is found associated with boulders
of gneiss, granite, and porphyry, which have accumulated in
the beds of the ravines in considerable numbers at some
points. The gravel beds which constitute so important a
part of the Drift in other portions of the State, are but
slichtly developed here. In their place, however, we meet
with local deposits of sand in the margins of the valleys,
which are apparently the result of the wearing away of the
sandstones and arenacious beds of coal-measures, and the
re-arrangement of the material by the waters in the early
stages of the draining of the surface subsequent to the
Glacial epoch.

Coal-Measures—Lower Coal Formation. This formation

occupies an irregular tract in the eastern portion of the:

county, comprising portions of townships 72 and 73, range
20, and probably extending westward into township 72, range
21, near the center of the county. The limits of its western
outcrop, however, are not perfectly known, but it is known to
exist in the before mentioned townships, or Pleasant, Cedar,
and Chariton, and also a limited area on the northern
border of the county in Liberty township, (township 73,
range 22).

In the northeast corner of the county, on a branch of the

North Cedar, known by the name of Flint creek, at Cole’s

mine, a three-foot coal-bed shows itself in the right bank
about fifteen feet above the stream. The coal rests upon

light blue shales, and immediately over'ying the bed is a
11

-
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five-foot layer of black, bituminous shales, capped by an
irregular, thin band of dark bluish limestone, with Productus
muricatus, showing a thickness of strata about ten feet. A
thin seam of pyritiferous shale divides the coal into two
layers of nearly equal thickness; with this exception the coal
is comparatively free from impurities. The outcrop of the
bed at this locality is very favorable for extensive mining,
and already an entry has been driven several yards into
the bank, the coal being delivered upon the opposite side
of the creek by means of a trestle. Two hundred yards
below Cole’s mine the same bed again appears in the left
bank, at about the same elevation above the creek, and pre-
senting the same appearances as at the former exposure.

A few hundred yards above Cole’s mine in the bed of Flint
creek, at the ford, we find an imperfectly exposed coal-bed
two feet, more or less, in thickness, which is immediately over-
laid by a one-foot layer of conglomerate or pudding-stone,
cemented with ferruginous material, and above this ten feet
of grayish, blue, coarse sandstone, with obliquely laminated
layers, giving an exposure of from ten to fifteen feet in
thickness. The coal is traversed and interrupted in its
continuity by seams and wedge-shaped masses of pyrite and
indurated pyritiferous shale, which renders it worthless for
any practical purpose. Higher up the creek the sandstone
crop out in the banks where good quarries may be opened
with little labor. At the ford, the beds have a slight
southeasterly dip down the stream, but their relative posi-
tion to the lower exposures could not be satisfactorily
determined, though it is thought probable that this bed
overlies the coal horizon seen at Cole’s mine.

On Mr. J. A. Rudisell’s farm, in the northwest quarter of
section 10, township 73, range 20, sandstone outcrops in the
hill-sides and in the bed of a branch of Second creek, which
is probably the equivalent of the rock last described. A
short distance above Mr. Rudisell’s, coal has been discovered
on Second creek, in the southwest quarter of section 10, which
is doubless referable to the bed exposed at Cole’s mine, on
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Flint creck, two miles to the northeastward. This locality,
however, has not been developed and the thickness of the
coal was not ascertained. Three miles due south of Rudi-
sell’s, near the steam-mill on the North Cedar, coal has
been worked to a more or less considerable extent for several
years. 'The mine is sitnated some distance above the mill on
the west side of the valley, in section 27, township 73, range
20, on the Fowler estate. At the time of our visit the entry
was filled with rubbish and water, in consequence of which
no measurements were made. The coal is reported from
three to four feet thick, and is overlaid by a few feet thick-
ness of carbonaceous shales and dark blue clays. Half a
mile below the mill, also in section 27, a three foot bed of
coal is known, which is doubtless the same as that seen at the
above exposure, and which may prove to be identical with
the bed at Cole’s mine mentioned above.

No rock exposures were met with on the north Cedar,
above the last mentioned locality. But crossing the inter-
vening divide, over a fine, upland prairie, in the valley of
the Little Whitebreast, in the vicinity of Thompson’s
mills, between two and three miles northeast of Chariton,
several workings have been opened in a coal-bed, low in the
valley from which quite large quantities of coal have been
taken. The only exposure showing any considerable
thickness of the associated strata, is that seen in the right
bank of the stream just above the mill, where a fifteen to
twenty-inch coal bed outcrops ten feet above the creek.
Between the coal and the water level, bluish and light-
colored shales occur, while above the coal, some fifteen feet
of dark blue shales, capped by twelve feet of blue and
yellow arenaceous shales are found. The coal is imme-
diately overlaid by an irregular layer of pyritiferous
nodules, which at some places affords a few fossils—
Bellerophon and Pleurotomaria,. Entries have been driven
into the coal at several places in this vicinity, the bed ranging
from twenty to thirty inches, and yielding an average
quality of coal. The strata have a general southwesterly
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inclination, which is locally equal to five feet in the distance
of thirty-five yards. The principal mines are located in
the following numbers of land : Pearson’s mine, northwest
quarter of section 15; Paine’s mine, southwest quarter of
section 10, coal two feet thick; northwest quarter of section
9, coal two feet thick ; Thompson’s mine, northeast quarter
of section 16, coal fifteen to twenty inches ; and other banks
higher up the course of the Little Whitebreast, in sections
22 and 27, all in township 72, range 21, or Chariton town-
ship. There is some doubt as to the relative position of
this coal horizon. It bears a somewhat striking resemblance
to the lowermost or Lacona coal in the Middle coal-mea-
sures, and this resemblance is enhanced by the appearance
of arenaceous deposits a few feet above the coal, as shown in
the exposure at Thompson’s mine. But no indication of
the presence of other and well known strata belonging to
the lower division of that formation were observed at this
locality, therefore, the present coal-bed is provisionally
referred to the Lower coal-measures.

On the east side of the Little Whitebreast, three miles in a
direct course below Thompson’s mills, other and very similar
exposures are met with. One of these may be seen on a
small branch in the northeast quarter of section 32, township
73, range 21, showing a thin bed of coal from one and a half
to two feet in thickness, at an elevation of perhaps thirty feet
above the main stream. One to two feet of bituminous shales
immediately overlie the coal, and above this bluish, yellow
shales, apparently passing upward into a soft, yellow sand-
stone, which outcrops in the slopes ten to twenty feet above
the coal-bed. The sandstone has been quarried on Mr.
‘Winshall’s land adjoining, where the bed is about five feet
thick. Below the Chariton and Newbern bridge, several
openings have been made in the coal-bed, on the east side of
the Little Whitebreast, on lands belonging to Branaman,
Brown, Vanway, and others, in sections 29 and 30, none of
which, however, were being worked.

There is a limited area in the northeast corner of Liberty
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township, in which these strata outcrop, displaying at one or
two points a two to three foot coal-bed. The most satisfac-
tory exposure of the bed is that at the mine on Wm. Grave’s
land, in the southeast quarter of section 1, township 73, range
22. At this place an entry has been driven into the bed from
the bed of the ravine, and at different times considerable coal .
has been mined. The coal rests upon light blue clays, and
above is found a band of dark fossiliferous shales, over-
laid by an exposed thickness of about ten feet of bluish,
ferruginous clays, passing upwards into soft, arenaceous,
and micaceous shales. The dark shales immediately
resting upon the coal, afford the following fossils: Zin-
gula, Myalina — —, Aviculopecten rectilateraria,
Lozxonema multicostata (?), Orthoceras. This coal-bed,
doubtless, can be found with little trouble in all the
neigboring ravines, and so far as we were able to judge,
the coal is of fair average quality. In the northwest quarter
of section 1, a coal-bed has been wrought in the bed of
‘Whitebreast creek, which is said to attain three feet in
thickness. This outerop is on Mr. N. N. Webb’s land,
and it is only during the lowest stage of water that the
bed is exposed at all. It may possibly belong to the
same horizon as that at Grave’s mine. The strata have
apparently a southwesterly inclination, and in the distance
of a few miles the Lower coal-measures disappear beneath
the level of Whitebreast creek, and do not again appear
at the surface in that direction.

The Middle Coal Formalion first appears on the White-
breast in this county, about three and a half miles above
the confluence of the Little Whitebreast, on Mr. Halferty’s
land, where are found the fossiliferous limestone layers over-
lying the Panora coal of the lower division of the formation.
The coal, however, is not exposed at this locality. But in the
southeast quarter of section 28, township 73, range 22, this
coal horizon is finely displayed, giving a vertical section
of about twenty feet in the right bank of the stream, on
lands of 8. D. Wheeler. The Panora coal occupies a
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level about ten feet above the creek at this place. Half a
mile or so above in the immediate vicinity of Wheeler’s mill,
the same beds are again observed, but here the Panora
coal is on a level with the water, indicating a slight southerly
or, more probably, southwesterly dip of the strata. This
exposure is in the northeast quarter of section 83, and on
Halfway branch a few hundred yards below the mill the
same strata are in part exposed, occupying a slightly higher
level than at the mill. This locality derives unusual interest
from the presence of a second coal-bed but a few feet above
the Panora coal, which is entirely absent in the northern
extension of the formation, but which, in this region, seems
to be well developed and to have quite a wide distribution.
From the fine development of this coal at this locality, where
its relative position was first recognized, we have designated
this bed as the Wheeler coal in the General Section of the
Middle coal-measures. The lower or Panora coal at this
locality, presents a thickness of from one to one and a half
feet; the upper or Wheeler coal was found from fifteen to
twenty inches thick. At the lower exposure, in section 28,
both beds have been worked to some extent; the coal is said
to be very good in quality. The exposure at the mill
appears in an abrupt bank formed by the cutting through

Fia. 66.

Section near Wheeler's mall, Whitebreast creek.




MIDDLE REGION OF WESTERN IOWA. 87

of a terrace by the stream, and exhibits a more satisfactory
section of the upper strata than that found at the former
exposures. The preceding section exhibits a view of the
strata exposed at this locality:

No. 10. Mottled blue and yellow shales, 4 feet exposed.

No. 9. Wheeler coal, 15 to 20 inches.

No. 8 Mottled blue, and yellow shales, 8 feet.

No. 7. Grayish, impure limestone, in two layers, 2 feet.
No. 6. Blue shales, 5 feet.

No. 5. Hard, brittle, bluish limerock, 8 inches.

No. 4. Bituminous, fissile shale, 18 inches.

No. 8. Panora coal, 12 to 18 inches.

No. 2. Blue shales, 1to 3 feet.

No. 1. Yellow, gritty shales, with nodular bands, exposed to water level at the
lower out cropping, 9 feet.

The bituminous shales, (No. 4), contain small rhombic scales
probably helonging to the Ganoid genus Paleoniscus, and
Petrodus and spines. No. b, a very brittle impure limestone,
crumbling in pieces from exposure, contains the following
fossils: Productus muricatus, Rhynchonella Uta, Martinia
planoconvera. Neo 1T, is a fragmentary earthy limestone.
(Ta) The lower layer, contains in abundance Productus muri-
catus; and, in the upper layer, (70) Martinia planoconvexa is
the prevailing fossil. The persistency with which these
layers retain their paleontological characters, over so con-
considerable an area, is mno less remarkable than their
uninterrupted continuity throughout the geographical extent
of the formation in Towa. Four miles above Wheeler’s, in a
southwesterly direction, in the neighborhood of Yost and
Hunt’s steam-mill, two or three small workings have been
commenced in a coal-bed, which is probably one or other of
the beds last described. The coal outerops on branches of
Whitebreast creek, in sections 17 and 20, township 72, range
22, but the flooded condition of the streams in the season of
1869, when the locality was visited, obliged the suspension of
mining operations, and in consequence, no satisfactory
examinations were made. A mile below, near the crossing of
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the Burlington and Missouri River Railroad, a shaft excava
tion has been begun in search of coal, with what success was
not ascertained. However, there can be little risk in shafting
for coal at this locality, since the Lacona coal and the upper
beds in the Lower coal-measures probably lie at a depth
within one hundred feet of the surface of the valley; and at
still greater depths the heavier deposits of the latter forma-
tion will be successively passed through in boring for coal at
this locality. But as we ascend the valley of the Whitebreast
these beds, doubtless, lie at greater and gradually increasing
depths beneath the surface.

On English creek, in the northern portion of the county,
several coal-mines have been opened in the Panora coal,
presenting, essentially, the same appearances observed in
connection with this bed at Wheeler’s and elsewhere. The
lowermost exposure seen on the creek within the county, is
that at Farley’s mine, in the southeast quarter of section 10,
township 73, range 21, where the most complete section was
obtained, as represented by Fig. 67, and the following
description:

Fic. 67.

Section at Forley's Coal-mine, Bnglish creek.
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No. 7. Yellow, arenaceous shales, imperfectly exposed in slope, 10 to 15 feet.

No. 6. Earthy, yellowish gray limestone, in two layers with clay partings, 2
feet. The lower layer is 8 to 10 itches thick, and is abundantly charged with
Productus muricatus ; the upper Jayer forn's a thin band, in which grcat numbers
of Martinia planocorv:xs, cccur. Above this, there is a thin irregular layer of
limestone which is crowded with Chonetes mesoloba, Productus wquicostatus
besides Hemipronites crassus, Athyris subtilita, Spiriferina Kentuckensis, ete.

No. Blue shales, with Septaria in upper part, 10 feet.

No. Trregular or nodular band of impure, bluish gray limestone, 6 inches.

No. Black, carbonaceous fissile shale, with Petrodus and spines, 18 inches.

No. Panora coal, 15 to 20 inches.

No. Light colored and bluish shales, resting upon a bed of indurated argil -
Jaceous rock, seen in bed of stream, 8 feet.

oo oo

The entry reaches several hundred yards irto the hill, and
considerable quantities of very good coal have been taken
from the mine. The bed varies from fourteen to twenty
inches in thickness, and dips slightly to the southward.

Three quarters of a mile above Farley’s mine, on Mr. David
Ballard’s farm, in the southeast quarter of section 15, the
same bed shows itself two or three feet' above the bed of the
stream, where it is only eight inches thick. But higher up
the West English, the bed outcrops at two other places in the
bed of the stream, in sections 15 and 21, where it has a
thickness of fifteen to twenty inches. On East English creek,
other exposures of this coal horizon were examined, and at
one or two places in sections 11 and 14, entries have been
excavated into the bed, and considerable quantities of coal
mined. The Wheeler coal is not shown in any of the above
exposures, although it doubtless might be found in favorable
locations in the hill-sides. But the soft nature of the shales
in which this bed is enclosed, readily obscures its outcrop,
except at a few favorable exposures where the strata outcrop
in steep banks rising immediately from the water’s edge.
However, it is by no means improbable that the Wheeler
coal may be wholly wanting at this locality, since we know it
is absent in the counties to the northward, where this forma-
tion presents its most persistent characteristics in all other
respects. It would be comparatively inexpensive to make

124
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explorations which would furnish satisfactory evidence, one
way or other, as to the existence of this coal-bed in the
English creek region. If it exists at all, it will be found
doubtless in the slope fifteen to thirty feet above the lower
bed, whose outcrop is already well known at Farley’s and
Ballard’s, ete.

On the northern border of the county we find an interesting
exposure of strata which bear a striking resemblance, if
indeed they are mnot identical, to some of the lower cal-
careous beds in the Upper coal-measures. These beds may
be seen on Long branch, a tributary of English creek, in
the northwest quarter of section 3, township 73, range 21, at
the limestone quarries on lands belonging to Mr. John
Graves and Mr. L. Smith. The exposures consist of a
light gray limestone, overlaid by thin bedded, earthy, buff
limestone, with calcareous, shaly partings, showing a thick-
ness of four feet. The limestone makes a very excellent
quality of quick-lime, for which purpose it is quite exten-
sively quarried. The lithological and palaeontological
characters of the rock have a very decided Upper coal aspect;
containing in abundance, species which are very rarely found
in the Middle coal-measures. Among these forms may be
cited: Meekella striatocostata, Waldheimia millipunctaila,
Productus longispinus, Chonetes Vernewilianus, and a small
Lamellibranchiate resembling Pleuwrophorus. The following
species occur in addition to those just enumerated: AtZyris
subtilita, Spirifer cameratus, Retzia punctilifera, Hemipro-
nites, crassus, Productus equicostatus, P.costalus, Polyzoans,
and crinoidal remains. The limestone at all its exposures
bears unmistakable indications of having been disturbed;
some of the ledges pitching down on end as though it had
slidden in large masses or blocks from a higher position in the
hill-side. Indeed the latter supposition seems to be the only
satisfactory way of accounting for the presence of the bed at
this locality, since but a few hundred yards above the
quarries we find the well known Panora coal horizon at
the same level as the limestons ledges. The latter beds
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appear in the bed of a small branch of Long branch in
the same quarter-section, where the coal is said to be a
foot thick, and is overlaid by the fossiliferous, earthy lime-
stone layers common to this horizon. Mr. Luther Riggs
of Newbern, informed me that the same bed has been
discovered at other places in this vieinity, and it or the
‘Wheeler coal again crops out on the main branch a mile
little south of west of Smith’s quarry, in the southeast
quarter of section 5, on lands of Mrs. Lida Seward. From
the data we have lere presented, it is very evident that the
limestone at Smith’s quarries is not in place, and it is most
probable, that the bed is a remnant of the Upper coal-
measures, and whose actual position in the series is probably
two hundred feet above that occupied by the disturbed ledges
in the banks of Long branch. We have no evidence of
unconformability between the Upper and Middle -coal-
measures, and there seems to be mno other manner of
explaining the presence of the limestone at this locality than
that stated above.

Immediately adjacent the East English, the land is quite
rolling, but rising the divide to the eastward, we traverse a
beautiful level prairie upland until gaining the headwaters of
several tributaries of the North Cedar which rise in the
divide, the surface is again corrugated, so to speak, by ridges
and deep intervening ravines in which we again encounter
Middle coal strata, as well as beds pertaining to the Lower
measures, which have been mentioned in the preceding pages.
Still lower down the North Cedar, in the adjoining counties of
Monroe and Marion, the Lower coal formation is finely dis-
played, exhibiting several important beds of coal.

The most easterly exposure of the Middle coal-measures in
the county is found on Second creek, about a mile east of Col.
Walker’s residence, in the northeast quarter of section 17,
township 73, range 20. At this locality, the bituminous
shales and nodular limestone cap-rock, associated with the
Panora coal, outerop in the banks of the creek at the ford;
and a hundred yards to the northward, in the side of a ravine,
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the upper layers of the lower-division of the formation are
well exposed, showing the Wheeler coal which is here about
twelve inches thick. The following section exhibits the
relative position of the strata at the two outeroppings, and
furnishes an interesting duplicate of that seen at Wheeler’s
mill, eleven miles distant, in a direction little south of west:

Fic. 68.

Section near Col. Walker's, Pleasant Township.

Yellowish, gray, slight arenaceous shales, exposed 10 feet.
" Wheeler coal, 1 foot.

Light-blue, indurated, slightly gritty shales, with nodules, 10 feet.

No. 4. Light bluish, earthy limestone, in three layers with clay parting 2
to 3 feet.

No 3. Dark blue shales, about 7 feet.

No. 2. Bluish, impure limestone, 8 inches.

No. 1. Black, carbonaceous shales, fissile, 3 feet, exposed to bed of stream.

z
o3
ot 2

The cap-rock, No. 2, contains but few fossils—Productus
muricatus and Martinia planoconvexa. No. 4 is seen in
base of exposure in the ravine above the ford. The lower
layer is several inches thick; while the upper ones form thin

bands from two to four inches in thickness. The following

fossils are quite abundant in this bed, in the diftferent layers
of which is found the same association of species usually
observed in this horizon at other and more or less distant
localities : Productus muricatus, P. wquicostatus, Chonetes
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mesoloba, Hemipronites crassus,. Athyris sublilita, Spirifer
cameratus, Martinia planoconveza, Allorismae, crinoidal

remains. The outcrop of the Wheeler coal, No. 6, is much
: decomposed from exposure, so that little could be ascertained
regarding its character and value. The lower bed or Panora
coal was not exposed to view, and, judging from the unusual
thickening of the overlying bituminous shales, No. 1, it may
be represented at this locality by a comparatively thin and
unimportant seam.

In the southern tier of townships, along the Chariton river,
no rock exposures came to our notice. It is not impro-
bable that the Middle coal-measures immediately underlie at
least portions of the southeastern townships. In Otter Creek
township, in the northwest part of the county, exposures are
equally rarely or never met with. On Stony creek, in the
northern part of Liberty township, the Panora coal is found
at one or two points, and in the bed of the stream, or low in
its banks, the Lacona coal outcrops. This bed is overlaid by
fossiliferous bituminous shales, identical in every respect with
the horizon as it appears at intervals lower down Stony
creek, within the borders of Warren county. The upper bed
is said to be fifteen inches in thickness, but the abandoned
and fallen-in condition of the banks, prevented any measure-
ments being made.

The Upper Coal-measures, with the exception of the locality
on Long Branch, previously referred to, are not actually
known to outcrop within the limits of the county. There can
be but little doubt but that the southwestern townships, are,
in part at least, underlaid by this formation. Indeed it
seems not improbable that these deposits may be found
extending along the western border of the county, in continu-
ation southward of the border outcrop of the formation in
‘Warren and Clark counties. The extent of the exposures on
Long Branch, in the northern part of English township,
—northwest quarter of section 3, township 73, range 21—is as
yet imperfectly known. The present outcroppings are quite
limited, and as has been already stated, the strata present
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every appearance of having been displaced from ledges
originally occupying a higher position, of which, however,
not a vestige remains.

Economical Geology—Coal. Lucas county possesses an
abundant supply of mineral fuel, its whole area being
underlaid by the productive or Lower coal-measures, whose
outcrop occupies a considerable portion of the eastern
half of the county. To the westward, in most of the
valleys north of the Great Watershed, the same deposits
of coal may be reached at practicable depths, ranging
from fifty to one hundred and fifty and two hundred
and fifty feet. Below the coals that appear on the Little
‘Whitebreast and North Cedar the heavier deposits of the
Lower formation occur, and which are everywhere accessible
in that region by shaft mining. The aggregate thickness of
the coal deposits seen at the surface, including the beds in
both the Lower and Middle coal-measures, is probably not far
from nine feet. The coal that is being mined in this county
compares favorably in quality with the product of other
localities in the west. None of the mines are at present
extensively wrought, but with the increasing demand for coal,
the facilities for supplying the market can be almost indefi-
nitely increased.

Building Stcne is not abundant in the county. There are
but one or two limestone quarries that furnish a durable
material for building, or material for making quick-lime.
A couple of miles northeast of Chariton, on the Little White-
breast, a thin bed of dark gray limestone is quarried on Mr.
George Houston’s place. This bed belongs to the lower
division of the Middle coal-measures—Bed No. 2, General
Section of Middle Coal-measures—and burns into a strong
though dark lime. In the northeast corner of the county on
Flint creek, a rather compact sandstone affords a tolerable
building stone, and quarries might be easily opened along
‘its outcrop for a considerable distance in the banks of the
stream. Materials suitable for the manufacture of brick are
abundant in all sections.



MIDDLE REGION OF WESTERN IOWA. 95

In many sections of the county, vigorous growths of young
forests are found. Fruit trees are easily raised, and much
fine fruit is already grown. The grape is also successfully
cultivated. The broken lands afford favorable situations for
orchards and vineyards, and these tracts may be turned to
the most profitable account for horticultural purposes.
Possessing a variety of excellent goils adapted to the growing
of all crops common to the latitude, Lucas may be justly
ranked with the foremost agricultural and coal producing
counties in the State.

10. GUTHRIE COUNTY.

Guthrie county is bounded on the north by Greene and
Carroll counties, east by Dallas, on the south by Adair and
Cass, and west by Audubon county. It contains a super-
ficial area of little more than five hundred and seventy-six
square miles.

General Surface Features—Drainage. The county is almost
wholly drained by Middle and South Raccoon rivers and
their affluents, the principal of which are the Brushy Fork,
Bear, Beaver, Willow, and Mosquito creeks. The South
Raccoon rises in the watershed divide on the northwestern
borders, and receives near the center of the county the Brushy
Fork, which is the more important stream of the two.
" All three branches of the Raccoon enter the county in the
northwest corner, and flowing diagonally and nearly parallel,
two to four miles apart through the county, they make
their exit in the southeast township. Middle river, which
also takes its rise in Guthrie, waters the extreme southwest
portion of the county.

The valley of Middle river is well defined, even along its -
upper course, and like all the streams which rise in the great
divide in this region, its waters are collected by a system
of numerous ravines which reach up to the very crest of
the watershed. The divide between the Three river region,
to which Middle river belongs, and the Raccoon rivers is a
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high undulating prairie, intersected along its northern side
by numerous small streams, tributary to the South Raccoon.
As in Dallas county, the country embraced in this region
is more broken along the watercourses than is the case in
the central and western portions of the county, which are
immediately underlaid by the more readily disintegrated
deposits of the Middle and Lower coal-measures. In the
western range of townships bordering upon the great divide
geparating the drairages of the Mississippi and Missouri,
the prairie is rolling, presenting a wide contrast to the
country to the eastward. The divides between the South
Raccoon and the Brushy Fork, as well as that between the
latter stream and Middle Raccoon, partake of the same
physical features, being symmetrical ridges, flanked by
graceful declivities, and culminating in broadly rounded -
summits, one hundred to two hundred feet above the valleys.
The valley of Middle Raccoon is narrower, and usually
bordered by more abrupt acclivities. To the eastward of the
Middle Raccoon, the country sweeps away in gentle undula-
tions which are interrupted only by the shallow prairie
streams which water that section of ‘the county.

The Soil includes two well-marked varieties, the occurrence
of which is co-extensive with the distribution of the two
widely diverse deposits, composing the superficial forma-
tions in this region. The uplands over the larger portion
of the southwestern half of the county, afford a light, fine
silicious soil which is derived from the peculiar Bluff’ Deposit
which occupies the surface in this portion of the county. The
eastern and northeastern townships possess the rich, black
loam characteristic of the drift region. The native forests
are confined to the valleys and ravines. But where there is
the least protection from the fires which sweep the prairies in
early spring and late autumn, large tracts have been clothed
with a vigorous growth of oaks, hazel, etc., as may be
witnessed on the uplands bordering the Middle Raccoon,
near Panora and elsewhere, where even a shrub was not to
be found in the early settlement of the county, ten or fifteen
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years ago. The prairies in summer are clothed with nutri-
tious herbage, affording excellent pasturage and a good
quality of hay. The streams are supplied with clear
water mainly derived from springs, which, however, instead
of appearing at the surface, their waters percolate through
the loose deposits in the valleys, and reach the streams by
subterranean channels. Wells are easily obtained at most
localities, but on the uplands, in the southwestern townships,
the Bluff Deposit must be penetrated to the underlying gravel
beds of the Drift before a permanent supply of water can be
obtained.

Geology. Guthrie county presents a greater diversity in its
geological structure than any county in this district. The
formations found within its borders comprise those of the
Post-tertiary, Cretaceous, and Coal-measures.

Post-Tertiary—DBluff Formation. In addition to the clays
and gravel deposits of the Drift, which constitute so impor-
tant a feature in the surface geology of the eastern portion of
the State, Guthrie county is partially covered by the marly
silicious deposit of the Bluff formation. This deposit occu-
pies all the higher grounds or divides, west of the Middle
Raccoon, gradually increasing in thickness on approaching
the watershed divide on the western border of the county.
The presence of this deposit is readily detected by the
peculiar even conformation of the surface, however rolling the
country may be, and the graceful curvatures of the declivities
bordering the valleys. Along the extreme eastern margin of
this formation its material is often so attenuated, and mixed
with the gravelly clays of the Drift, as scarcely to be recog-
nized, though it not unfrequently occurs as outliers, in the
form of low mounds of only a few yards extent, resting upon
the upland between the South Raccoon and North and Middle
rivers.

Drift. The Drift Deposits occupy the surface in the
northeast half of the county, or all the country to the east
of the Middle Raccoon, and present the same composition

as observed in the counties east of this. The glacial or
13A '



98 COUNTY AND REGIONAL GEOLOGY.

blue clays have been subjected to extensive although very
irregular erosion, and the coarse materials thus derived are
consequently very unevenly distributed in different localities.
Along the east margin of the Middle Raccoon, these deposits
form quite conspicuous mounds and well defined ridges,
which abut close upon the valley, and descend by more
gradual declivities into the shallow parallel basins of the -
smaller streams and sloughs, constituting one of the most
peculiar features in the topography of the drift in this
section. Indeed, the slope of the country to the eastward
is so considerable that were it not for these dike-like barriers
and similar, though less elevated intermediate ridges, the
drainage would flow directly into the North Raccoon. To
the westward of the Middle Raccoon, the Drift is overlaid
by the Bluff Deposit, and only makes it appearance in the
sides of the valleys, where it sometimes attains the thickness
of sixty to one hundred feet. The coarse materials of the Drift
are largely composed of gneiss and granitic boulders and
pebbles, with red quartzite and Lower Silurian limestone
boulders. In the valley of Spring creek, a large mass of
quartzite was found, one side of which was studded with
quartz pebbles, in every respect resembling the conglomerate
layers interbedded with the Huronian quartzite formation of
Minnesota and northwestern Iowa.

The valleys of the Middle and South Raccoon rivers
present some fine examples of terrace formations. But as
we ascend the latter stream and the Brushy Fork into the
region of the Bluff, the formations are only obscurely defined
or wholly obliterated. The following diagrams will convey a
more definite idea of the physical conformation of the valleys
in the region bordering upon the line of demarkation between
the Bluff and Drift Deposits.

Fia. 69.

K MIDDLE RACCOON.
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Fig. 69 represents a profile of the valley of the Middle
Raccoon in the vicinity of the confluence of Willow creek.
The middle elevation shows the drift ridge on the north side
of the valley, and upon the right, the bluff-capped divide
between this stream and the Brushy Fork, one hundred and
forty to one hundred and sixty feet above the river. The
valley is beautifully terraced, the elevation of the highest
bench being twenty to thirty feet above the stream.

Fia. 70.

Fig. 70 is a profile of the South Raccoon valley in the
vicinity of Guthrie Centre. The uplands rapidly descend to
the sloping bottoms bordering the stream. (¢) Coal-measure
strata ; (¢) ferruginous grits of the cretaceous, exposed in
the valley-sides and in an outlier rising from the bottom
plain ; () drift, which makes its appearance in the slopes.
In the valley, there is only the faintest semblance to terrace
formation, the bottoms being composed of the finer materials
of the Drift and the Bluff Deposits, d, d,; @, a, bluff forma-
tion, capping the divides.

Cretaceous. In the southwestern half of the county, nume-
rous exposures of sands, ferruginous grits, and conglo-
merates and clays, occur in the valleys of the streams,
which Dr. White refers to the Nishnabotany sandstone
formation of the Lower Cretaceous period. The greatest
thickness of these beds, observed at any one locality, is
exposed on the Middle Raccoon, in section 33, township 81,
range 32. The formation thence spreads westward over the
central and western portion of the State. So far as known,
only one or two exposures of Cretaceous rocks occur on the
east side of the river in the county, and these are seen in the
hill-side between Clearwater’s and Clark’s, in township &1,
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ranges 31, 82. They rest unconformably upon the Lower
and Middle coal-formations, as they are also known to
overlie the TUpper. coal-formation unconformably in the
counties upon the Missouri slope.

One of the finest exposures of Lower Cretaceous strata in
the State may be seen in the bluff on the right bank of the
Middle Raccoon, in section 24, township 81, range 33, where
a vertical thickness of neariy one hundred feet presents the

following section :

Fie. 1.

CRETACEQUS

COAL

123 4. At the base of the section, coal and shales of the Lower coal-measures,
appearing in the river bank but a short distance below the bluff exposure, at
Brushey’s coal mine.

No. 1. Light-colored, incoherent sands, capped by a layer of deep-red, shaly,

ferruginous sandstone, 10 to 15 feet. This layer rests unconformably upon the

coal-measure deposits, 1 2 3 4.
No. 2. Blue, arenaceous clays, 17 feet.
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No. 3. Ferruginous, arenaceous layer, containing isolated “pockets” of coal,
2 feet.

No. 5. Soft, red and yellow sandrock, with ferruginous nodules and bands,
and thin irregular layers of pebbles, with pebbles of silicified corals of Devonian
or Silurian origin, 20 feet.

No. 5. Blue clays, 5 feet.

No. 6. Yellow clay, enclosing ferruginous, arenaceous bands, 4 feet.

No. 7. Very soft, light-colored, irregularly laminated sandstone, 85 to 40 feet.

The gravel and pebbles of No. 4, are quartzose, with few
exceptions. No fossils were observed other than the coral-
pebbles mentioned above, though the lithological resemblance
of these strata to well authenticated Lower Cretaceous Deposits
to the westward, seems to preclude the shadow of a doubt
respecting their identity. The strata are apparently quite
horizontal. The thin band, enclosing the irregular deposits
of coal, No. 3, bears a remarkably close resemblance to a
similar carbonaceous band in the Cretaceous Deposits of
‘Woodbury county in the northwest part of the State.

Four miles below, and due east of the last mentioned
locality, in the northwest quarter of section 26, township 81,
range 32, the bluff on the south side of the river, exhibits a
vertical section of some ninety feet, consisting of soft, friable
sandstones and clays identical with the beds last described.
About fifty feet above the water-level occurs a band of ferru-
ginous sandy clays, about two feet in thickness, containing
irregular deposits of carbonaceous matter, sometimes in
seams, but more frequently in isolated ‘pockets,” which is
doubtless the same as No. 8 of the foregoing section. The
level occupied by this bed above the river, at the two respec-
tive localities, furnishes still additional evidence of the
horizontality of these strata—the fall in the stream between
the two points being about equal to their difference in eleva-
tion at either locality. Also, on the north side of the valley
in this vicinity, there are occasional outliers of ferruginous
sandstones belonging to the same set of beds, and beneath
which in the river banks limited exposures of unequivocal
coal-measure strata occur. On Brushy Fork, similar creta-
ceous exposures are found, though at rarer intervals, and
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on the South Raccoon and its tributaries to the south and
westward, some of the most interesting, if not as extensive,
exposures of these rocks are met with.

In the vicinity of Guthrie Centre, a low outlier of Creta-
ceous sands and ferruginous grits, with obliquely laminated
layers, rises from the bottoms on the east side of the South
Raccoon, to an elevation of thirty to forty feet above the
stream ; and in the slope on the opposite side of the valley,
similar beds are seen at about the same level. Above Guthrie
Centre, ferruginous gravel deposits appear in the hill-sides,
and form low, spur-like ridges, extending out into the valley.
Seven miles northwestward from Guthrie Centre, in section
18, township 80, range 32, on lands owned by Mr. Newton,
some fifteen feet of brown, friable sandstone accompanied
above and below by thin layers of highly ferruginous grits,
and underlaid by four feet of blue clays, outcrops in a low
bluff on the left bank of the river. A band of brown
hematite ore is said to occur at this locality, overlying the
beds just mentioned ; but its outcrop could not be found, nor
were we so fortunate as to procure specimens of the ore for
the chemist’s examination.

The lowest point on the South Raccoon where exposures of
the Cretaceous are known to ocecur, is a short distance above
Dale City. In the declivities which bound the east side of
the valley in the southwest corner of township 79, range
80, at an elevation of about ninety feet above the river, a
thickness of ten to fifteen feet of coarse conglomerate shows
itself, the nearly horizontal outerop of which may be readily
traced for the distance of a mile by the sharply defined
contour line it forms in this part of the declivity. The
conglomerate is largely composed of quartz pebbles—and
even crystals of quartz, where angles are in many instances
but slightly abraded, are found embedded in the mass—and
quite durably cemented by a ferruginous cementing material.
There are sometimes intercalated layers of highly ferruginous
grits and ochreous nodules associated with the conglomerate
at this locality. Above the outecrop of this bed, the upland
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slopes are very gentle, and the surface is strewn with boul-
ders and gravel of the Drift. This is also the most eastern
outecrop of the Cretaceous at present known in the State.

In the valley of Beaver creek, in the northern part of town-
ship 78, and southern portion of 79, range 31, exposures of
conglomerates and sandstones, in all respects identical with
those already mentioned, are found. The conglomerate is
apparently the highest bed of the Cretaceous in this region.
At a locality on Spring branch, known as the ¢ Buzzards’
roost,” in section 16, township 78, range 31, the conglomerate
appears in the hill-side, forming picturesque escarpments
several feet in height. Opposite Mr. Thos. Coleman’s, on
Beaver creek, in section 5, a thickness of fifteen feet of light-
colored, incoherent sand, underlaid by five feet or more of
beautifully stratified pebble and sandy layers alternating,
rise from the water’s edge in a low bluff on the south side
of the stream. These beds are overlaid by five to ten feet
of yellow -and bluish clays, interbedded with ferruginous
bands and capped by a shaly sandstone. The latter beds
are seen in a ravine a few yards south of the bluff exposure.
The gravel bed at the base of the section contains water-worn
pebbles of silicified corals, probably of Devonian or Silurian
age, among which Favosites and Cyathophylloid forms were
recognized. A short distance lower down the stream, the
same beds are again met with in the sides of a ravine, but
the lower gravel bed here assumes the character of a rather
firmly cemented conglomerate. But a few yards above this
exposure, in the same ravine, unequivocal Middle coal-mea-
sure beds occur, presenting a few feet in thickness of the
horizons between the upper and middle divisions of that
formation. The sandstone which separates the two divisions,
—bed No. 35 of the general section of Middle coal-measures—
affords Calamites; and the limestone band overlying the lower
carbonaceous horizon of the wupper division contains the
organisms wusually associated in this bed. Beneath the
sandstone the Marshall coal has also been opened. We
have at this locality the most conclusive evidence showing
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the unconformability of the friable sandrock and conglo-
merate of the Cretaceous and the wunmistakable Middle
coal-measure strata to one another.

Near Mr. Floring Mann’s, about two miles east of the last
described locality, in section 36, township 79, range 31, a
shaly sandstone, containing irmpressions of linear leaves,
outcrops at an elevation of about seventy-five feet above the
Beaver, in the declivity upon the north side of the valley.
The sandstone ledge forms an almost uninterrnpted, though
obscure outcrop for a considerable distance, being underlaid
by bluish and buff shaly limestone, which, however, is not
seen im sitw, but fragments of the rock pretty abundantly
cover the talus below the sandstone ledge. The relation of
the limestone to the sandstone is undetermined; but that the
latter is the same as the bed seen in the brow of the bluffs
above Dale City there can hardly be a doubt.

During the season of 1867, some exposures were examined
on Bear creek, in section 29, township 79, range 32, present-
ing a limited outcrop showing some five feet in thickness of
blue, ferruginous clays, inclosing a thin carbonaceous seam,
overlaid by eight feet of coarse, laminated sand-rock, all
of which is probably referable to the Cretaceous. It was
said that a considerable bed of coal had been opened at this
locality, all trace of which, however, was lost, save the half-
inch seam mentioned above, and which may prove to be the
equivalent of the carbonaceous deposit seen in the exposures
on the Middle Raccoon at the first mentioned localities under
this head.

Coal-Measures. 'This group of strata doubtless underlies
the entire area of Guthrie county, although in the western
portion of the county it is hidden from view by the
unconformably superimposed Cretaceous and Post-tertiary
deposits. Of the three formations of which the coal-measures
are composed, the Middle one occupies the largest surface
area, and is here fully developed. These strata have little
regularity of dip, owing to the presence of several more or
less parallel undulations whose axes, though more or less
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subject to variations, seem to have a general north-southerly
direction, as observed in connection with the same formations
in Dallas county, and to the southward.

The Lower Coal-Formation appears at the surface only in
the northeastern part of the county. Above Panora, in the
valley of the Middle Raccoon, there are limited exposures of
these strata, including one or two comparatively thin beds of
coal, which are being worked at three or four points. The
highest exposure of coal on the Middle Raccoon occurs in the
northwest quarter of section 24, township 81, range 33, in the
right bank of the river, at Brushy’s coal-bank, where the
following section was observed, and which is partially
exhibited in the section of the cretaceous exposure given on
a previous page.

Section at Brushy's Coal-mine.

No. 4. Light blue clays, exposed 5 to 10 feet.

No. 3. Gray, blue, and black shales, 2 feet. Lower layer contains Productus
muricatus, Hemipronites crassus (?).

No. 2. Coal, 114 feet.

No. 1. Blue clays, 2 feet exposed above water level.

The coal was covered by the floods at the time the locality
was visited, and the bed can be wrought only during the dry
season. Judging from the refuse thrown out of the excava-
tion, the coal seems to be highly charged with pyrife and
other impurities.

Two miles southeast of Brushy’s mine, in the southwest
quarter of section 28, township 81, range 32, at Mount’s Coal-
mine, the following strata were observed:

Section at Mount's Coal-mine.

No.

No. Yellow shales, with clay nodules, containing plant remains.

XNo. Blue shales, 3 feet.

No. 3. Black and gray, slightly calcareous carbonaceous shales, 1 foot. Con-
tains Productus muricatus, Hemiproniles crassus, (2), Lingula carbonaria (2).

No. 2. Coal, with thin seams of clay, 12 to 18 inches.

No. 1. Blue shales, with imperfect vegetable impressions, Neuropteris, &c., 2

feet exposed.
14A

>

Incoherent reddish sands, 10 feet exposed.

= o
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The coal at this locality is about twenty feet above the level
of theriver. Tt is, without a doubt, the same bed as that seen
at Brushy’s mine, although it here occupies a little higher
level than at that locality. The coal is of. fair average
quality, and can be easily mined for a thin bed. Bed No. 6
is believed to represent the base of the Cretaceous deposits;
at all events, it bears a closer resemblance to the incoherent
sandstone at the base of the section above Brushy’s mine
than to any of the arenaceous deposits of the Coal-measures.

In the northeast quarter of section 19, township 81, range 32,
the same bed has been opened in the right bank of the river
at Garne’s mine, four or five feet above the water level. It is
said to be fourteen inches in thickness, and is overlaid by
black shales and blue clays. Also, on Spring Run, a similar
thin seam of coal is said to occur, on lands belonging to Mr.
John Clark, northeast quarter of section 24, township 80,
range 31), where the bed is overlaid by black shales and an
exposed thickness of ten feet of soft friable sandrock. The
coal at this locality was also concealed by the falling in of
the sandstone; it is doubtless the same bed as that described
above. The black shales thrown out of the excavation
afforded a solitary specimen of Pefrodus, the only fossil
observed here. The sandstone above the coal possibly
belongs to the cretaceous,

About three miles below Clark’s coal-bank, and seven miles
above Panora, in the right bank of the river, at Leidick’s
mine, a thirty-inch coal-bed is said to occur. The entrance of
the mine was filled with rubbish, precluding any actual
measurements or examinations of the quality of the coal.
The bed is overlaid by five to seven feet, or more, of black,
pyritiferous shales and blue clays, without fossils. The
exact stratigraphical position of this coal-bed remains in
doubt, though it is probably the representative of one of the
upper beds of the Lower coal-measures, and is so far as
known the lowest exposure of the Lower coal-measure coals
on the Middle Raccoon in this county.

Middle Coal-Formation. The outecrop of this formation
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embraces an area about equal to three townships, in the
southeastern portion of the county. On the Middle and
South Raccoon rivers, where it presents its most characteristic
features and finest exposures, it may be studied to great
advantage. To the westward before reaching the middle of
the county, the formation disappears from sight, being over-
laid in that quarter by the unconformable cretaceous and
Post-tertiary deposits which constitute the great bulk of the
watershed along this portion of its course.

In the vicinity of Panora mills on the Middle Raccoon,
section 31, township 80, range 30, several interesting exposures
of Middle coal strata occur, including the horizon of the
lower persistent coal of the forma- Fre. 72.
tion, which we have designated as
the Panora coal, for the locality
where its peculiarities may be
best studied, and which is repre-
sented by a two inch seam in the
exposure just above the mills.
Messrs. Nichols and Hanyan,
the proprietors of this valuable
water-power, begun a shaft exca-
vation in the bed of the river just
below their mills, which affords
very satisfactory data for com-
parison with the same strata at !..... LEVEL OF MILL-POND. ~1meoermoc .
other localities. The following
section represents the beds seen
in the several exposures in the,
vicinity of the mills and their ¢
relations to one another: >

Section at Panora Mills.

No. 11. Blue clays, exposed 2 feet.

No. 10. Earthy, fragmentary rock, with arenaccous, shaly partings, about
5 feet.

No. 9. TIrregular layers of blue clay, with obscured plant remains, 18 inches.

No. 8. Very compact, heavy-bedded, brecciated rock, with charcoal particles
and Productus muricatus, 4 to 5 feet.

v
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No. 7. Rather regularly, thin-bedded sandstone, with thin, interrupted coaly
partings, 8 to 9 feet. Some times irregularly bedded, soft sandstone.

No. 6. Blue clays, about 5 feet.

No. 5. Earthy limestone band, 8 to 10 inches.

No. 4. Black, carbonaceous shales, with a two-inch seam of coal at the
bottom, 20 inches.

No. 8. Red and yellow shales, 8 feet or more.

No. 2. Unexposed, about 25 feet.

No. 1. Bluish, irregularly, shaly, micaceous sandstone, 12 feet. This bed was
passed through in digging the shaft in the bed of the river, and is underlaid by
light-colored shales. *

It is apparent from a careful examination of the different
exposures at this locality, that some of the beds which are
usually associated with the Panora coal are wanting here,
and their place supplied by other deposits. Thus, the
argillaceous, fossiliferous limestone layers commonly found
overlying this coal horizon are wholly absent, and their place
occupied by the arenaceous deposit, with but a few feet of
clays intervening. But the most interesting feature of the
exposures at this locality is the remarkable development
or introduction of areno-catcareous beds between the lower
and middle divisions of the formation, of which a fine
example is seen in the bluffs opposite the mills, where these
beds afford a very durable building stone. A gentle westerly

Fia. 73. inclination of the strata is indicated
by the apparent high level occupied

on the east side of the river.

_~ About a mile below the above
: ’Z locality, in the vicinity of the woolen
- factory, the same coal-bed crops
out in the bluffs on lands owned
.- by Mr. Wasson—northwest quarter
s~ of section 5, township 79, range 30.
|+ A shaft begun at a lower level in the
bottoms discloses several feet thick-
_ness of strata beneath the Panora
‘ “ coal, and furnishes very satisfactory
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facilities for identifying the beds here with the exposures
found at Panora mills, as shown in the preceding section:

Section at Wasson's Coal-mine, near Panora Woolen Factory.

No. 11. Blue and reddish clays, exposed 2 feet.

No. 10. Impure limestone, in three thin layers, with shaly partings, 4 feet.
The lower layer is fragmentary, and contains Productus muricatus, ete. The
middle layer is a more compact buff-rock, with great numbers of Martinia
planoconvexa, also, Athyris subtilita, Hemipronites crassus. The upper layer is a
gray, tough, evenbedded limestone, 8 inches thick, with a minute Gasteropod and
comminuted organic remains.

No. 9. Dark blue clays, about 6 feet.

No. 8. Bluish, compact, impure limerock, 8 inches. Discina Missouriensis,
Productus muricatus, Hemipronites crassus (2) Athyris subtilita, Martinia planoconvexa.

No. 7. Black, carbonaceous shales, 18 inches. Contains Petrodus, and minute
Ganoid scales.

No. 6. Panora coal, 1 foot.

No. 5. Blue shales, with imperfect remains of plants in upper part, 10 to 12

No. 4. Variegated yellow and red shales, 6 feet.

No. 8. Bluish shales, with thin indurated band at the base, 2 to 8 feet. In
the lower part of the bed great numbers of a small Aviculoid shell occur, besides
Productus muricatus, Hemipronites crassus.

No. 2. Reddishand blue clays, 7 feet.

No. 1. Bluish, micaceous sandstone, exposed 12 feet in bottom of shaft.

The shaft-section includes all the beds from one to six.
Number one is, doubtless, the same as the corresponding
number of the following section. Beneath the sandstone,
the horizon of the Lacona coal would be reached, probably,
at a depth of ten to twenty feet; but since the continuity
of this bed is known to be interrupted, so that it has the
character of a local deposit, we cannot, with certainty, say
whether the coal will be found at this locality or not. The
Panora coal, although a thin bed, has been mined to a con-
siderable extent, and, as usual, the product is of superior
quality.

A quarter of a mile east of Wasson’s mine, the Panora
coal is entirely lost, although the black shales and nodular
limestone cap-rock outcrop on nearly the same level as at the
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mine. In the opposite hill-side, bordering the outlet of a
small ravine, little more than one hundred yards south, a
considerable exposure of arenaceous and calcareo-arenaceous
deposits is found, which bear an unmistakable resemblance
to the upper beds seen in the exposures at Panora mills. It
would appear that there is either a considerable dip of the
beds to the southward in order to carry the horizon of the
Panora coal beneath the lowest bed seen in the exposure on
the south side of the ravine, or the total replacement of this
coal and its accompanying overlying beds, as observed at
Wasson’s mine, by the local development of arenaceous
material. The upper or calcareo-arenaceous bed seen in the
ravine affords a few fossils, among which were recognized,
Productus muricatus, P. ccquicostatus, Chonetes mesoloba,
Hemipronites, Petroduws. There is also a similar and pro-
bably identical stratum on Mosquito creek, Dallas county,
which outecrops in the hill-side above Parker’s coal-bank,
though evidently at a much greater height above the Panora
coal than at the localities last described.

In the vicinity of Brumbaugh’s mill, one and a half miles
southward of Panora, northeast quarter of section 9, town-
ship 79, range 30, the Panora coal again outerops in the bluffs
on the left bank of the river, were the following section was
obtained:

Section at Brumbaugl's mill.

No. 6. Two or three thin bands of impure limestone, with shaly partings,
about 8 feet. The lower layer contains Productus muricatus abundant, Athyris
subtilita, Chonetes mesoloba, Hemipronites crassus (£), and in the middle layer the
little Martinia planoconvexa occurs in great abundance.

No. 5. Dark blue shales, 7 to 9 feet.

No. 4. Rather hard, brittle, bluish impure limestone, weathers brown, 6 to 8
inches. Forms a substantial roof to the entries, and contains the following
fossils : LProductus muricatus, Chonetes mesoloba, Athyris sublilita, Martinia plano-
convexa, Rhynchonella Uta, Pernopecten (2), sp. undet., BEuomphalus, &c.

No. 8. Black carbonacecous shales, sometimes calcareous, 18 inches. The
following species occur in this bed at this locality : Productus muricatus, Chonetes
mesoloba, Athyris subtilita, Martinia planoconvexa, Spiriferina Kentuckenis, Ryncho-
nella Uta, Discina Missouriensis, Aviculopecten rectilateraria, Pleurophorus (#), sp.
undet, Petrodus, and minute scales of Ganoids.



MIDDLE REGION OF WESTERN IOWA. it

No. 2. Panora coal, 1 foot.

No. 1. Variegated bluish, reddish, and yellow shales, with concretionary
band at the base of the exposure, 14 feet. In the upper portion of the bed the
imperfectly preserved remains of plants are found.

The strata at this locality have a very decided inclination
to the southeastward. The coal-bed has been opened at
several places, and exhibits a thickness of 12 to 14 inches
of excellent coal. The principal mines are Knowlton’s,
Frazier’'s, and Wilson’s. At the latter bank the entry has
reached the distance of seventy-five yards from the entrance,
the firmness of the limestone cap-rock greatly facilitating the
economical working of the coal. The local demand for coal
is principally supplied from these mines and that at
Wasson’s, near Panora. The fossiliferous layers of impure
limestone are but imperfectly exposed here, although they
present the same appearance as at Wasson’s coal-bank and
numerous other localities throughout the Middle coal region.
About forty-five feet above the Panora coal, a soft reddish
sandstone appears in the hill-side, which belongs to some of
the arenaceous beds in the middle division of this formation.

The next exposures encountered on descending the Middle
Raccoon, occur in the neighborhood of Fisk’s mills, about six
miles southeast of Panora. The middle division of the
formation is here beautifully displayed, presenting its most
persistent and characteristic peculiarities. The general
inclination of these strata is to the southeastward, although
it is quite irregular, owing in a great measure, doubtless, to
the local thickening and thinning of certain beds. Imme-
diately at the mills, the upper portion of the middle division,
including the Marshall coal, overlaid by about forty feet of
the upper division, presents the following section:
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Fic. 74

Section at Hisk's malls, on Middle Raccoon.

No. 16. High in the slope, 90 to 100 feet above the river, an imperfect expo-
sure of thin bedded buff limestone, 2 feet thick, is seen, containing comminuted
orgauic remains, with the following recognizable species: Productus @quicostatus,
Choneles mucronaia, Athyris subtilite.

No. 15. Unexposed ; about 82 feet, probably made up of shales.

No. 14. Blue shales, with Cyathazonia, (sp. undet.), crinoidal remains, Produc-
tus punctatus, P. longispinus, Chonetes mucronate, Hemipronites crassus (2), Spiri-
ferina Kentuckensis, Martinia planoconvexa, Athyris sublilitn, Retzia punctilifera,
two species of Lamellibranchiates, Pleurotamaria, Bellerophon carbonaria, ete.

No. 18. Compact, nodular, blue, impure limestore, 4 to 6 inches.

No. 12. Carbonaceous shales, 1 foot.—Lower carbonaceous horizon of the
the upper division.

No. 11. Light colored clays, about 4 feet.

No. 10. Grayish and red sandstone, with shaly arenaceous layers, about 10
feet. Very obscure plant remains, Neuropteris, etc.

No. 9. Blue and yellow arenaceous shales, 3 to 4 feet.

No. 8. Marshall coal, highly bituminous shale or impure coal 6 inches.

No. 7. Dark blue and light colored shales, 5 to 7 feet.

No. 6. Thin,irregularly bedded impure limestone, 1 foot.

No. 5. Blue shales, with nodules, 2 feet.

No. 4. Very irregularly bedded, earthy limestone, 18 iaches.  Products
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muricatus, P. @guicostatus, Hemipronites crassus (?), Athyris sublilita, Murtinia
planoconvera, Rynchonelln Uta, crinoidal remains,

No. 3. Blue shales, 1 foot.

No. 2. Impure limestone, 1 foot. Contains Productus equicostatus in great
abundance, besides P. muricatus, Chonetes mesoloba.

No. 1. Blue and gray shales, exposed 2 feet, at an elevation of 24 feet above
thelevel of the mill-pond.

The Marshall coal outcrops at an elevation of forty feet
above the mill-pond, and is represented by a thin seam of
rotten coal. The lower carbonaceous horizon, Nos. 11 to 14,

Fia. 75.

Section on Hpoli's braneh and at head of Fisk's mill-pond.
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inclusive, and the limestone bed No. 16, are all that is seen of
the upper division. The Lonsdale coal, which appears high
in the bluffs a mile below at Duck’s mill, Dallas county, has
been denuded at this locality. The lower calcareous layers
are not durable enough for building purposes, nor sufficiently
pure for making quicklime; the shelly limestone high in the
slope may be of sufficient thickness to be quarried for the
ordinary uses. The sandstone, No. 10, is too friable to
answer for building purposes.

Three quarters of a mile north of the mills, on Hook’s
branch, the same beds are exposed at frequent intervals, from
the lower carbonaceous horizon of the upper division, which
is only seen in the bed of the ravine high up its course where
it enters the prairie, downwards to the arenaceous beds in the
middle portion of the middle division, representing a vertical
thickness of about sixty feet of the latter division, as shown
in the following section, which exhibits the order of super-
position of all the strata exposed at this locality, including
the Lacona coal of the lower division, as it is seen in the
margin of the river, half a mile or so above the mouth of
Hook’s branch:

No. 24. Trace of yellow shales.

No. 23. Blue, nodular, impure limestone, 6 to 15 inches. With Polyzoa,
Martinin planoconvexa, Chonetes mesoloba, unusually diminutive, Athyris subtilita.

No. 22. Black carbonaceous shales, 1 foot. Discina

No. 21. Yellow shales, 3 to 6 feet.

No. 20. Gray, more or less shaly sandstone, 4 to 6 feet.

No. 19. Yellowish blue, laminated arenaceous shales, 5 feet.

No. 18. Marshall coal, 8 inches.

No. 17. Yellow and blue shales, with nodules at base, and near top obscure
vegetable remains, 6 feet.

No. 16. Irregularly bedded impure limestone, 10 inches.

No. 15. Yellow clays, with nodules, about 2 feet.

No. 14. Thin argillo-calcareous band, 8 inches; sometimes represented by
calcareous shales, crowded with Productus muricatus, besides P. @quicostaius,
(honetes mesoloba, Hemipronites crassus, Athyris subtilita.

No. 13. Yellow and blue clays, about 3 feet.

No. 12. Light gray, rather compact earthy limestone, 1 foot. Productus wqui-
costatus abundant, P. muricatus, spines of Echinoids.
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No. 11. Red, blue, and yellowish shales, with nodular bands, 6 feet. Productus
muricatus, P. wquicostatus, Athyris subtilita.

No. 10. Fragmentary or shaly impure limestone, 2 feet.

No. 9. Blue and reddish clays, 8 feet. Near the top, band of fossiliferous
shale, with Martinia planoconvexa and Petrodus.

No. 8. Blue and reddish clays, passing upwards into yellow arenaceous
shales, and sometimes shaly sandstone near the top, 17 feef.

No. 7. Rather compact, shaly, gray sandstone, 1 foot. With Productus wqui-
costatus, Hemipronites crassus, (?), Myalina (sp. undet.)

No. 6. Yellowish and blue gritty clays, sometimes the upper part presents
theappearance of a soft, gray arenaceous shale, 12 to 15 feet.

No. 5. Unexposed, 15 to 25 feet. Probably includes the horizon of the
Panora coal.

No. 4. More or less indurated blue shales, exposed 15 feet.

No. 8. Dark gray, more or less calcareous bituminous shales, forming a
heavy sheet resting immediately upon the coal, 20 inches. This bed is abandantly
stored with fossil remains, of which the following forms have been identified :
Productus muricatus, very abundant, Hemipronites crassus (?), Athyris subtilita,
and a minute Gasteropod.

No. 2. Lacona coal, 6 to 10 inches.

No. 1. Blue shales, exposed to level of river at the head of the mill-pond, 1
foot.

Half a mile southwesterly of the principal exposures on
Hook’s branch, in a high bluff bordering the north bank of
the river, the same beds described above are again met with,
presenting, however, a somewhat marked contrast in the
stratigraphical details of the section. At an elevation of
ninety feet above the river, the lower carbonaceous horizon
of the upper division crops out, overlaid by its cap-rock of
impure limestone, which is here fifteen inches in thickness.
The sandstone, No. 20, is exposed two to three feet, below
which the slope is too imperfectly exposed to show the
Marshall coal, (No. 18), nor more than a trace of the fossilife-
rous calcareous layers, Nos. 12 to 16, inclusive. The soft
sandy shales at the top of No. 8, are replaced by yellow
gritty clays, and the sandstone, No. 7, which on Hook’s
branch, form a bed of five or six feet in thickness, is repre-
sented by a thin band of compact, gray sandstone, containing
the same organisms—ZProductus equicostatus, Hemipronites,
Myalina, and very imperfect fish remains, probably the teeth
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of some Hybodont shark. The remaining lower beds are
represented in the foregoing section. All the strata which
have been identified with their equivalents on Hook’s branch,
occupy a slightly higher position than they do at that
locality. The westerly uprising of the strata brings to view
at the head of the mill-pond, four or five hundred yards
above the bluff outerop, the Lacona coal, which appears in
the right margin of the stream, just above low water, as
shown in the foregoing section, Nos. 1 to 4. A few yards
below this last exposure, we find fragments of the fossiliferous
limestone layers which overlie the Panora coal, thus indica-
ting the presence of that coal at this locality also, although
its outcrop is hidden from view by the accumulation of
detrital material along the base of the bluffs. The lower or
Lacona coal has been drifted into at this place, and in a
ravine a short distance from the river bank outcrop, the bed
is reported to be eighteen to twenty inches thick. On Hook’s
branch, the Marshall coal, although a thin bed, is of excel-
lent quality, and has been wrought by stripping off the
overlying shales wherever its outcrop favored this mode of
working the bed.

A comparison of the foregoing section, with that observed
above the mouth of Mosquito creek four miles below in an
east-southeast direction, exhibits a remarkable diminution in
the thickness of the strata intervening between the Panora
and Marshall coal horizons, being hardly half the thickness
attained by these members at the locality between Mosquito
creek and the eastern border of Guthrie county, mentioned
under the head of this formation in the description of Dallas
county. It will be further observed that the arenaceous
and arzillaceous deposits in the lower portion of the middle
division of the formation, present the greatest contrast in
relative development, while the upper portions of the sections
are about the same at both localities.

In the northeast corner of township 78, range 30, about
three miles southeast of Fisk’s mills, the Lonsdale coal
has been opened in a ravine on the south side of Huggin’s
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branch, at an elevation between eighty and ninety feet above
the Middle Raccoon. The coal is two feet thick, and
separated in two equal layers by a thin seam of light-colored
clay. The bed rests upon light ash-colored clays, and is
overlaid by four feet of slightly calcareous, bituminous
shales, presenting the varied fauna that particularly distin-
guishes this horizon from its associates. The coal is of very
good quality, and is obtained by stripping off the superin-
cumbent earth.

Half a mile east of Huggin’s coal mine, in section 1, town-
ship 78, range 30, the strata associated with the horizon of the

Fia. 6.
Section on Huggin's Branch.
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Marshall coal are exposed in the south side of the branch,
presenting the section given below, showing approximately
the relative position of the Lonsdale coal to these exposures:

No. 16. Black and dark-gray shale, with indurated, calcareous bands, passing
into light-colored clays above ; 3 to 4 feet exposed. The following are among the
species of fossils most abundant in this bed: Crinoidal remains, Athyris subtilita,
Hemipronites crassus, (2), Chonetes mesoloba, Productus wquicostatus, Hdmondia, (£),
Leda bellastriata, Nucula, Gervillia, and other Lamellibranchiates ; Pleurotomaria, two
species; Bellerophon, three species ; Orthoceras, Nautilus occidentalis, etc.

No. 15. Lonsdale coal, 2 feet.

No. 14. Ash-colored clays, exposed 2 feet.

No. 13. TUnexposed, probably 50 feet or more. Below the Lonsdale coal no
exposures of the intermediate strata are met with until reaching the horizon of the
Marshall coal, as scen at the last mentioned locality. Here the upper portion of
the exposure, although the outcrop is obscure, is sufficiently distinct to be unmis-
takable, presenting the appearance represented as follows :

No. 12. Compact, blue, earthy limestone, 15 inches.

No. 11. Black, carbonaceous shales, underlaid by yellow clays, all 7 feet.
Lower carbonaceous hotizon of upper division.

No. 10. Gray, shaly sandstone, exposed 2 feet.

No. 9. TUnexposed, about 11 feet, including the Marshall coal whose outcrop
is concealed by the debris upon the slope.

No. 8. Compact, gray, impure limestone, 18 inches.

No. 7. Blue shales, 8 to 4 feet.

No. 6. Yellow, earthy limestone, decomposed, 1 foot. Athyris subtilita.

No. 5. Blue shales, 1 foot. .

No. 4. Irregularly bedded, shaly, impure limestone, 1 foot. Lower part
contains Productus equicostatus, abundant, and in the upper shaly portion, Pro-
ductus muricatus, Chonetes mesoloba, Hempironites crassus, (?) Athyris.

No. 3. Blue and ash-colored clays, 5 fect.

No. 2. Heavy-bedded, gray, impure limestone, decomposed above, 215 fect.

No. 1. Dark-bluish, more or less indurated shales, exposed b feet ; base about
30 feet above the level of the Middle Raccoon. In the upper part of the bed
fucoid-like markings occur, besides Petrodus and spines, Martinia planoconvexa,
Discina, ete.

The Marshall coal does not appear here, and the overlying
sandstone is evidently much thinner than it is generally found
to be. The lower black shale of the upper division, bed
No. 11, is about fifteen feet lower than the level occupied
by the Lonsdale coal at Huggin’s mine. In the mention
made of the exposures on the Middle Raccoon, above the
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confluence of Mosquito creek, about half a mile east of the
present locality, in Dallas county, it was observed that the
strata have a gentle westerly inclination. Hence it is
reasonably inferred that the beds mentioned in the above
section dip sufficiently to receive the proper thickness of
strata that are known to occur between this upper coal-bed
and lower carbonaceous deposit at the base of this division.
The outcrop of the Lonsdale coal at Huggin’s is probably in
the middle of a shallow northerly and southerly synclinal
depression.

In the bed of the South Raccoon at Cave’s mill, and in the
south side of the valley on Mr. Raber’s farm, in the southeast
quarter of section 10, township 78, range 30, the fossiliferous,
earthy limestone layers pertaining Fia. 7.
to the middle portion of the middle '
division, below the position of the
Marshall coal, make their appear-
ance, but so attenuated as scarcely
to be recognized. At Marshall’s
coal mine on Long branch, in the
northwest quarter of section 24,
township 78, range 30, a mile and a
half southeastward from Raber’s, a
bed of very good coal has been
opened, presenting a variable thick- 9
ness of ten to thirty inches. The
following section exhibits the cha- e
racter of the strata associated with
the coal at this locality:

b ==
a

Section at Marshall’s Coal-mine.

No. 3. Gray and blue, laminated or indurated clay, passing upwards into
arenaceous shales, with irregular ferruginous nodules, and indurated shal y layers,
20 to 22 feet. Vegetable remains and a small Lingula occur in the lower part,
and in the shaly layers above imperfectly preserved linear leaves. About nine
feet above the coal, a band of gray iron stained shales is literally crowded with
the minute shells of Beyrichia.
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No. 2. Marshall coal, 10 to 30 inches.
No. 1. Ash-colored clays, exposed to bed of Long branch, 4 feet. A few
imperfeet remains of plants are found in this bed— Pectopteris, Sphenopteris, ete.

From the fine development of the coal at this locality, we
have applied to the bed the name by which the mines are
here known—the Marshall coal. The bed is quite variable
in thickness, and is observed to thin rapidly to the southeast-
ward, or in the direction of its local inclination. The
Beyrichia horizon above the coal corresponds exactly to a
thin band containing the exuvize of this minute crustacean,
which overlies the Marshall coal in the exposures on
Hickory branch, Dallas county. This identification is
further sustained by data obtained from a boring which Mr.
Marshall caused to be made in the bed of the branch near
the mines. About twenty-five feet beneath the coal, a one
foot layer of carbonaceous material was passed through, (0)
which is believed to be the equivalent of the locally devel-
oped bituminous shales sometimes found in this position, as
observed on Miller’s branch near Adel, Dallas county, and
other localities, and which is represented by bed No. 29, in
the general section of the Middle coal-measures. The
over-lying arenaceous deposit (N.o. 8), is also unusually
exaggerated as compared with its normal condition. A fair
quality of coal is obtained at this locality, by the ordinary
process of drift mining.

In the left bank of the South Raccoon just below Pearson’s
mill, in the southwest quarter of section 15, township 78,
range 30, a two-foot bed of fragmentary, earthy limestone
outcrops, underlaid by dark blue eclay, in which ocecur
Petrodus and Martinia planoconvexe. This is the equiva-
lent of Nos. 1 and 2 of the section on Huggin’s branch—bed
No. 26, General Section of Middle coal-measures. Also on
Mr. John Windermaker’s farm, section 11, township 78, range
30, a limited outcrop of impure fossiliferous limestone is
found in a ravine on the mnorth side of the valley, which
belongs to the calcareous layers above the bed seen at
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Pearson’s mill, and underlying Fia. 8.
the Marshall coal. About a
mile north of Pearson’s mill, a
thin seam of coal crops out in
the bed of a ravine in the
southeast quarter of section 3,
township 78, range 30, known as
Miller’s coal-bank. The bed is
equivalent to the lower cabona-
ceous horizon of the wupper
division, and in connection with
the accompanying strata affords
the following section:

Section at Miller’s Coal-mine.

No. 4. Yellow shales, exposed 1 foot. Contains Chonetes mesoloba, C. maucero-
nata, Hemipronites crassus (?)

No. 8. Irregularly bedded, bluish gray, earthy limestone, 2 feet. Productus
longispinus, Chonetes mesoloba, Athyris subtilita, Spirifer cameratus, Pernopecten’
Allorisma, ete.

No. 2. Black, fissile, carbonaceous shale, 314 feet, with irregular seams of
coal at bottom 6 to 10 inches thick. The black shales contain Petrodus and spines.

No. 1. Blue shales, exposed 2 feet, and 8 feet above level at Pearson’s mill-
pond.

The coal is evidently a local deposit, and it is hardly
reasonable to expect that it will be found sufficiently thick
to be profitably wrought. In the river bank, a few yards
west of the coal-bank, the same bed again outerops, but
the coal-seam is here absent, and the cap-rock, bed 3, is

changed from its mnodular con- Fie. 79.
dition at the mine to a heavy @~~~
bedded layer two feet in thickness.

There appears to be a slight local
undulation in the strata at this
locality independent of the general
southerly inclination of the beds;
the coal-mine exposure occupying

a level about four feet below that ‘_/_ _________
1dA
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in the river bank. The sandstone upon which this division
rests is not exposed above the water level. Ascending the
ravine in a southerly direction from the coal-mine, near
its head, in the northeast quarter of section 10, a ledge
of limestone crops out at an elevation of about ninety feet
above the coal-bed at Miller’s mine, presenting the following
section:

No. 2. Thin-bedded, compact, gray limestone, in five layers, separated by
marly clay partings, 5 feet. The following fossils were observed in this bed :—
Fusulineg  cylindrica, Zaphrentis, (?) crinoidal remains, Cheletes, two or three
species of Polyzoan, Athyris subtilita, Spiriferina, Kentuckensis, Murtinia planocon-
vewa, M. lineatus, Productus longispinus, P. semireticulatus, Hemipronites crassus, (?)
Pleurotomaria, (?).

No. 1. Blue and yellow, gritty shales, exposed 4 feet.

The limestone, though quite irregularly bedded, is durable
and considerably quarried for building purposes and for
making lime. There is doubtless a greater thickness of
strata intefvening between the two exposures just named than
would seem to be the case from their relative level; but
the beds are known to dip to the south at a comparatively
rapid rate, which would be ample to admit the entire
thickness of the upper division, and also the lower beds
of the Upper coal-measures, between the horizons of the
two extreme outcrops. The upper limestone described above
is believed to belong to the Upper coal-formation; hence the
Lonsdale coal of the Middle coal-measures must occur at
a lower level between the quarry and the coal-mine, although
up to the present time its existence remains undiscovered.

About two miles in a direct line southwardly from the last
mentioned locality, on a small afluent of Deer creek, called
‘Walled branch, we find an exposure of limestone undistin-
guishable from the bed last described, but occupying a lower
level by about sixty feet than at the exposure above Miller’s
coal-mine. The ledge at this locality is underlaid by yellow,
gritty shales, and the same association of fossil-forms prevail
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in the limestone as were observed in the equivalent layers
shown in the foregoing section. The exposure on Walled
branch affords a very good building stone, the rock is firm
and in layers from four to ten inches thick.

Half a mile south of Morrisburg, in lot 13, section 4, town-
ship 78, range 30, the upper sandstone of the middle division
appears in the left bank of the South Raccoon, forming a
ledge about eight feet thick at an elevation of twenty feet
above the stream. It is overlaid by an imperfect exposure of
the carbonaceous shales at the base of the upper division.
The accumulation of debris upon the slope below the sand-
stone, hides from view the outcrop of the Marshall coal
which doubtless occurs in place between the sandstone and
the water level. Mr. Kinworthy of Dale City, informed us
that in sinking a shaft in the bottoms on the south side of
the river between a quarter and half a mile southwest of the
above exposure, a fourteen-inch bed of coal was found at
a depth of twenty feet beneath the surface, which may be
equivalent to the Marshall coal, the westerly inclination of
the strata being sufficient to account for the apparent lower
position of the bed at this point than it holds in the river
bluff outcrop a short distance below.

Near the village, at Williams’ quarry, in lot 6 of section 4,
the upper limestone is again met with, presenting the same
appearance as observed on Walled branch and in the ravine
above Miller’s coal-bank, a mile and a half southeastward.
The quarry is about one hundred and thirty feet above the
river, or about one hundred feet above the carbonaceous bed
in the river bluff exposure before mentioned. It will be seen
that the relative position of this bed to the carbonaceous
horizon, in the lower part of the upper division, is about the
same at both localities ; and wherever the limestone may be
found, it will afford a reliable guide in determining the
character of the strata that occur beneath it. The bed at
Williams’ quarry, shows the same lithological and palson-
tological peculiarities with which we have become familiar
n the study of this horizon at other localities. The ledge
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is made up of five layers, varying from four to twelve inches
in thickness, and underlaid by yellow and blue gritty shales.
It affords a tolerable building stone, for which purpose it is
much used in this vieinity. The Lonsdale coal, which occu-
pies a position beneath the limestone bed, has not been dis-
covered at this locality—the disintegration of the soft shales
by which it is accompanied, having effectually concealed its
outcrop. But that this coal may be successfully sought in-
the neighboring ravines there seems to be no reason to doubt.

Above Dale City, the coal-measures are wholly lost to
view in the valleys of the South Raccoon and Brushy Fork,
their place being occupied by, or hidden beneath, the heavy
accumulation of detrital materials which were deposited
during the early epoch of the Cretaceous period. But,
ascending the ftributaries south and west of the former
stream, in the southern tier of townships, the Middle coal-
formation is still the predominant geological feature of the
region, and only disappears beneath the superficial deposits
on gaining a point well up on the eastern flank of the Great
Watershed divide.

From a careful examination of the valley of the South
Raccoon, above the confluence of the Middle Raccoon, three
distinct undulations in the coal-measure strata have been
detected between the latter point and the great divide. The
first undulation crosses the valley in the vicinity of Redfield ;
the second one occurs near Morrisburg, and has, apparently,
a more northwesterly and southeasterly trend than the former;
and the most westerly one is met with in the immediate region
of the watershed in the western portion of the county. West
of the Morrisburg fold, the westerly inclination of the strata
has carried down the Lonsdale coal to a level much below
that which it probably occupies near the latter place, and
which also accounts for the occurrence of the Upper coal-lime-
stone, previously mentioned in the valley of 'Wall branch, so
considerably below the position it holds in the uplands in
that neighborhood.

In the mnortheast quarter of section 20, township 78,
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Fre. 8.

range 30, in the valley of
Deer creek, at Lonsdale’s
coal-mine, the above men-
tioned coal outcrops nearly
on the same level as the
carbonaceous shales at the
base of the upper division
in the river bluff below
Morrisburg. The exposure
at this locality presents the
the appearance given in the
accompanying section:

Section at Lonsdale’s Coul-mine.

No. 6. Ledge outerop of compact gray limestone, thin bedded, 8 fect exposed.
Containg Fusulina, crinoidal remains, Athyris subtilita, Martinia lineatus.

No. 5. Uunexposed, about 28 feet. :

No. 4. Light clay passing upwards into soft sandstone, about 11 fect.

No. 8. Dark carbonaceous, slightly calcareous shales, 3 to 4 foet. Contains
abundance of fossils — Productus longispinus, Chonetes mesoloba, Hemipronites
crassus, Athyris subtilita, Leda bellastriata, Nucula, and other Lamellibranchiates,
Muacrocheilus, Pleurotomaria, Bellerophon, several species, Orthoceras, Noutilus
occidentalis, &e., &c.

No. 8. Lousdale coal, 20 to 30 inches,

No. 1. Light colored clays, exposed 6 feet to bed of Deer creek.

The shales immediately overlying the coal are profusely
stored with organic remains. These are largely represented
by diminutive species, and, as a whole, render this horizon
one of the most distinctive and interesting in the coal-
measures. The limestone seen in the valley-side forty-five to
fifty feet above the bed of the stream, may be referable to the
limestone horizon found at Williams’ quarry, near Morris-
burg and elsewhere along the eastern border outcrop of
the Upper coal formation. Since this property passed into
the hands of Mr. John Lonsdale, of Dale city, the mine has
been greatly improved and successfully operated. The coal
is of fair average quality, and already large quantities have
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been taken out to supply the local demand. A thin seam of
coal is said to occur a few feet above the bed that is being
wrought, but no trace of its presence could be found at the
time of our visit.
In the vicinity of Mr. Floring Mann’s, on Spring branch
Fre. 81. of Beaver creek, (lot 12 of
section 3, township 78, range
31), the lower beds of the
upper division, and the
upper portion of the middle
s’ division, including the Mar-
" shall coal, are well exhib-
ited, as shown in the
»i- following section:

= =y LRt a’

Section on Spring branch.

No. 9. Yellow shales, exposed 2 feet.

No. 8. Blue, rather compact, earthy limestone, 15 inches. Martinia plano-
conwvexa, Athyris subtilita, Productus longispinus, P. muricatus.

No. 7. Carbonaceous shales, 2 feet.

No. 6. Yellow clays, about 5 feet.

No. 5. Light-colored, shaly sandstone, 5 feet, with Calamites.

No. 4. Yellow and blue arenaceous clays, 4 feet.

No. 3. Marshall coal, 4 inches.

No. 2. Blue shales, 18 feet.

No. 1. Fragmentary, buff, impure limestone, 2 feet, exposed in bed of
ravine.

The Marshall coal is here a thin seam of rotten coal of no
practical value. The position of the above horizon is
probably not less than fifty feet above the equivalent strata
at Morrisburg, four or five miles due east. In the valley
slope on the south side of Beaver creek, a bed of dark gray
limestone outcrops, which possibly belongs to the upper
division. In the northeast part of section 4, the same
strata are known to occur, Mr. Mann having successively
encountered the lower carbonaceous shales and the Marshall
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coal in sinking a well and boring on his farm. High up
Spring branch other limited rock exposures were visited, but
they were too obscure to enable their stratigraphical relations
to be satisfactorily determined, although they doubtless
belong to the upper portion of this formation. Outliers of
the Cretaceous conglomerates are frequently met with in this
vicinity, filling apparently all the inequalities of surface in
the underlying coal-measure strata.

Two miles above Spring branch, the Marshall coal again
outcrops in a ravine on the south
side of Beaver creek, (lot 4 of sec-
tion b, township 78, range 31), at
the locality known as Young’s
coal-bank, where the strata with
which it is associated, present
much the same lithological aspects
as at the locality last mentioned.
The annexed section was obtained
at this point:

Bection at Young's Coal-mine, Beaver creek.

No. 8. Blue, impure limestone, weathers brown, 1 foot. Martinia planoconveza,

No. 7. Carbonaceous shale, 2 feet. A seam of impure coal, 2 to 4 inches
thick, is found at the bottom of the shales. Petrodus occurs in the shales,

No. 6. Blue clays, about 3 feet.

No. 5. Heavy bedded, red sandstone, with obliquely laminated layers, 4 fect.

No. 4. Yellow, arenaceous shales, 4 feet, with gray, calcareous layer just above
the coal, in which occur Myalina, — , Hemiprowites crassus, and obscure
impressions of ferns and other plants,

No. 3. Marshall coal, 10 to 14 inches.

No 2. Blue and yellow clays, exposed imperfectly, 18 feet. In the upper part,
obscure vegetable remains are found.

No. 1. Yellow, thin bedded, earthy limestone with clay partings, 1 foot. This
bed outcrops in the side of the ravine several yards below the coal-mine. It con-
taing a few fossils: Productus muricatus, Athyris subtilita, ete.

The Marshall coal is here quite irregular, averaging about
twelve inches in thickness; it is a handsome, brittle coal,
quite free from impurities. An interesting and anomalous
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feature is observed at this locality, in connection with the
shales overlying the coal which present a well developed local
fauna, comprising forms not known in this horizon elsewhere.
The exposure is capped by the lower carbonaceous shale of
the upper division, which also shews a thin seam of coal
at its base, in this respect recalling to mind a similar locally
developed coal seam in this horizon at Miller’s mine nea,
Pearson’s mills.

Upper Coal-Formation. The only exposures of Upper
coal strata at present known in the county are those in the
vicinity of Morrisburg and on Deer creek, which have been
already incidentally mentioned in the foregoing pages.
From these data, the formation is apparently confined to
a limited area in the southern tier of townships, so that it
forms the least considerable member of the rock strata found
within the limits of the county.

Heonomic Geology. Coal is by far the most important
mineral product of the county. These deposits are compara-
tively thin, and belong principally to the Middle coal-
formation. However, it is not improbable that, in the
northeastern portion of the county where the lower coal
series is known to occupy a considerable area immediately
underlying the Drift, the thicker coals of the productive
measures may be reached by means of shafts at moderate
depths below the surface. At the present time, the local
demand, is easily supplied by working the thin beds, and at
the price coal brings throughout this section, there is hardly
any branch of industry more profitable than coal mining.
The Middle coal-measures also locally present good
workable coal-beds; but it is evident that these cannot be
relied upon for persistency, with perhaps the exception of the
Lonsdale coal, which has averages about twenty inches in
thickness. There seem to be hardly a doubt that this coal
may be successfully sought by boring in the greater portion
of the two eastern townships of the southern tier, township
78, range 30, 31. To the mnorthward, along the Middle
Raccoon, this has doubtless been almost entirely denuded,
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with only here and there a limited outlier, as that seen at
Duck’s mills, on the eastern border of the county.

Iron, in the form of brown hematite ore occurs in limited
quantity both in the coal-measures and Cretaceous. In the
latter formation this material is largely disseminated
through the sand and gravel beds constituting the principal
ingredient of the cementing material. It is not infrequently
found in a purer condition as nodules in the interstratified
arenaceous clays, but the quantity is probably too small ever
to become valuable for economic purposes.

Building Materials. The upper limestone bed of the
Middle coal-measures affords a tolerable building material,
yet the fact cannot escape notice that Guthrie county is
meagrely provided with good building stone. These mate-
rials for building must eventually be obtained from the
adjoining county of Madison, whose Upper coal-measure
limestone beds are capable of furnishing inexhaustible
supplies of stone and lime to a large number of the interior
counties to the northwestward. Quarries have been opened
in the Middle coal-measure limestones on the South Raccoon,
and on Beaver creek, these beds afford an excellent material
for burning into quick-lime. On the Middle Raccoon, in the
immediate vicinity of the Panora mills, a very durable rock
is quarried, which answers the purposes of heavy, rough
masonry. The coal-measure sandstones, as a general thing,
are valueless for building purposes, and the same holds true
with the Cretaceous sandstones; however, the conglomerate
beds of this formation are often so firmly cemented as to form
a quite durable, though by no means handsome rock.

The agricultural resources of Guthrie are second to those
of no other county in the State. The uplands are covered by
a deep, warm soil, and in the western portion of the county
the light colored soil peculiar to the Bluff Deposit is met with,
which is alike noted for its productiveness and the early
maturity of its crops. The valleys of the South Raccoon
and Brushy Fork are beautiful tracts of arable land, afférding

the most desirable locations for stoek raising, and possessing
17A
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a soil unexceptionably fertile, and capable amply to reward
the industry of the farmer. The larger streams afford good
mill privileges, which are already being improved in a very
creditable manner. Both the Chicago and Northwestern and
the Chicago, Rock Island, and Pacific railways are within
convenient reach on the north and south, so that Guthrie
possesses all the advantages to be derived from railway
communications which play so undeniably important a part
in developing the resources of the interior counties.

11. GREENE COUNTY.

Greene county lies immediately north of Guthrie and
Dallas counties, which form its southern boundary, and is
bounded on the west by Carroll, east by Boone, and north
by Calhoun and Webster counties. It contains sixteen town-
ships, or an area of five hundred and seventy-six square
miles

General Surface Features—Drainage. The North Raccoon
river flows diagonally through the county from the northwest
to the southeast corner, and its affluents drain the greater
portion of the surface, save the extreme southwestern town-
ships, which are drained into the Middle Raccoon through
Mosquito and Willow creeks. The principal tributaries of
the North Raccoon in this county gain the river on its left
or northeastern bank ; they are Burrick, Hardin, and Cedar
creeks—the two former water the eastern and middle-northern
portion of the county, and the latter the northwestern town-
ship. On the south side of the river, there are no considerable
affluents until reaching the southern tier of townships, in
which Greenbrier creek takes its rise and reaches the river
just below the southern border in Dallas county.

The Surface Configuralion of the county is that of a nearly
level plain, the undulations of which are so slight as scarcely
to relieve the sameness of the almost boundless prairie land-
scape. The North Raccoon has excavated its channel to the
depth of from filty to one hundred feet into the detrital
materials of the Driift, and is bordered by abrupt acclivities
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which give to the valley the peculiar canal-like appearance
common to all the larger streams in the northern-central
portion of the State. The smaller watercourses, along the
greater part of their course, have shallow valleys where beds
are but little below the general prairie level.

Springs are not of uncommon occurrence, issuing from the
gravel deposits which overlie the drift clays in the steep
slopes bordering the streams. Wells are easily obtained at
all points, and particularly upon the uplands, where the
impervious glacial clays lie at a much less depth from the
surface than is the case on the margins of the uplands and
in the benches or ‘“‘second bottoms.” The streams afford
an abundant supply of clear, pure water.

The Soil is a dark, gravelly loam, and is quite uniformly
distributed over the uplands. As a general thing, the low,
 wet lands that intersect the uplands in the form of swales or
“gloughs,” can be easily drained and converted into the finest
meadow and arable lands. The forests are wholly confined to
the valleys and their immediate vicinity. Although the
supply of fuel from this source is ample for the present needs,
with the rapid settlement of the county the native forests will
be inadequate, sooner or later, for the increased consumption
of timber for fuel and building, and the inhabitants will have
to rely more on the coal deposits, or make early provision
for the future demands by planting artificial groves which
will thrive as well in this as they are known to in other and
adjoining counties.

Geology. The geological formations observed in Greene
county belong to the Post-tertiary and coal-measures. 'There
are also peculiar deposits of ferruginous sandstones and fine
clay in the northwestern part of the county, which may Dbe
referable to the Cretaceous, under which head they are noticed
beyond.

Post-tertiary. The Drift is extensively developed in this
region. Indeed other rock exposures are of very rare
occurrence, owing to the prevalence of these extensive defrital
accumulations of the Glacial epoch. These deposits consists
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of (1st) blue clays, with gravel and boulders distributed
through the mass without apparent order in their arrange-
ment.  This deposit is overlaid by (2d) a greater or less
thickness of loose materials consisting of gravel and sand,
sometimes associated with yellow clays, which are more or
less distinctly stratified, and which occupy the upland region
and usually increase in thickness on approaching the margin
of the valleys, where they are terminated in the graceful
declivities which constitute so characteristic and pleasing a
feature in the valley scenery throughout this region. And,
(38d) in the valleys the terraces or benches which rise upon
either side of the stream in successive step-like formations to
various elevations, and sometimes presenting varied contrasts
in configuration. The terraces, or as they are more com-
monly called ““second bottoms,” are composed of materials
not essentially differing from the surface deposit in the
uplands; but in the more definite arrangement of the sand
and gravel of the terraces in distinctly stratified order they
offer a marked contrast in structure to the modified deposit
of the upland. It is due to the porous nature of these
deposits that the bench-lands are so little effected by either
drounght or extreme wet; in the former case the moisture
is readily drawn from the reservoirs below the surface,
and in the latter the under-drainage is rendered equally
effective in carrying off the excessive moisture and discharg-
ing it directly into the streams. The alluvial bottoms are
narrow, and differ in a marked degree in the character of
the materials of which they are composed. The periodic
freshets are gradually building up these low intervals by
the deposit of mud and sand which form the distinctive
peculiarities of their composition. In many parts of the
county the Drift deposits probably attain a thickness of from
eighty to one hundred feet.

On the north side of the North Raccoon, below Gibson’s, in
the northwest quarter of section 33, township 84, range 31, a
tufaceous deposit was observed at an elevation of about
twelve feet above the river and about one foot thick. The
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bed is enclosed in yellowish clays which are highly charged
with small calcareous concretions recalling similar deposits at
the base of the bluff formation in the Missouri valley; and
this resemblance is further increased by the appearance of
the gravel-bed immediately beneath the tufa, as is so com-
monly observed in the base of the bluffs in western Iowa
along the Missouri bottoms.

Cretaceows. On the North Raccoon river, in the central
and northwestern portions of the county, peculiar deposits
are met with consisting of soft sandstone and ferruginous
grits, and fine variegated clays which bear a marked resem-
blance to similar deposits in Guthrie county, which have
been referred to the Lower Cretaceous. The first exposures
of these rocks are found in the neighborhood of Mr. Gibson’s,
seven miles to the mnorthwest of Jefferson, where a section
of about forty feet in height is exposed, consisting of
yellowish, more or less ferruginous heavy-bedded sandstone,
with obliquely laminated red layers, and cavities filled with
an ochreous deposit. This exposure occurs in a ravine on
the south side of the river, in the northwest quarter of section
32, township 84, range 31. In the bluffs higher up the ravine,
the sandstone forms more durable ledges, portions of which
may be employed in ordinary masonry. Variegated, slightly
arenaceous clays are also found in this locality a few feet
above the river level, and at intervals along the river above
Gibson’s, light-colored, fine clays appear, which, doubtless,
belong to the same deposits. No clue could be obtained
relative to the age of these strata more than that afforded
by the general lithological resemblance to the Cretaceous
deposits in Guthrie county. '

In a ravine a mile west of Jefferson, the Drift Deposits
have afforded fragments of light gray, shelly limestone,
containing Inoceramus problematicus, a common Lamelli-
branchiate found in the chalky beds of the Cretaceous, in
the environs of Sioux City. But we have no evidence that
these higher Cretaceous beds ever existed so far east, the
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specimen above mentioned having been brought with other
drift materials from a distance.

Coal-Measures. The only exposures of unequivocal coal-
measure strata occur on the North Raccoon, in the south-
eastern corner of the county, and belong to the lower forma-
tion. On Mr. Bussey’s place, two and a half miles south of
Rippey, in the northwest quarter of section 29, township 82,
range 29, the following section is seen in the bluffs on the left
side of the valley:

Fie. 83.

Section at Bussey's on the North Raccoon.

BUSSEY'S MINE:

No. 6. Light brown and chocolate colored, more or less shaly, sandstone, with
imperfectly preserved vegetable remains, Neuropteris, and linear leaves, exposed
22 feet.

No. 5. Variegated, light blue and pink colored clay, with pyritiferous bard
above, 4 feet.

No. 4. Compact, blue, earthy limestone, 1 foot. Contains Productus aquicos-
tatus.

No. 8. Light arenaceous shales, with sandstone above, 10 feet.

No. 2. Light yellow clays, exposed 12 to 17 feet.

No. 1. Blue, ferruginous, indurated shales, exposed to level of river, 6 feet.
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In the bed of a ravine in the northeast quarter of section
30, a few hundred yards above the preceding section, at
Bussey’s coal-bank, an eighteen inch bed of coal crops out,
where it is associated with the following strata:

Section at Bussey's Coal-Mine.

No. 7. Debris of shaly sandstone.

No. 6. Irregular band of septaria, enclosed in blue clay, 114 feet. The nodular
septario contains numerous fossil remains, including the following forms:
Productus wguicostatus, P. muricatus, P. longispinus (2), Chonetes mesoloba, Martinia
planoconvexa, Discina, Lingula, Nucula, Solenomya radiata, and one or two other
species of Lamellibranchiates, Macrocheilus, Plewrotomaria spherulata (?), Bellero-
phon carbonaria, B. (sp. ?), Orthoceras, Nautilus, Qoniatites.

No. 5. Carbonaceous shales, 8 feet. Coatains the imperfect remains of one or
two species of Lepidodendron, and impressions of linear leaves in that portion of
the layer immediately above the coal. Ia the upper part of the bed are found
Bellerophon  carbdcnaria, Leda bellastriata, Productus, minute species, Chonetes
mesoloba, C. Verneuilianus (?), Discina, Polyzoa, erinoid stems,

No. 4. Coal, 18 inches.

No. 8. Blue clay, 18 inches.

No. 2. Compact, bluish limestone, 3 feet, with Productus, wquicostatus, P.
Nebrascensis.

No. 1. Yellow shales, exposed in bed of ravine, 1 foot.

The coal-bed at Bussey’s mine is about twenty-four feet
above the river, and it is said to have a slight dip to the
northward. The bed, however, is much disturbed—large
blocks of coal were found tilted on edge and other signs of
confusion were encountered in driving the entry into the bank.
On the south or opposite side of the ravine the bed entirely
thins out. The coal is highly charged with pyrite, and is
said not to improve in quality on working into the bank.
The relation this bed holds to the exposures exhibited in the
preceding section, is not satisfactorily determined. It is
possible, however, that the limestone bed seen at that expo-
sure is the same as that underlying the coal at Bussey’s mine.
A few yards higher up the ravine shaly sandstones are found
which are identical with the npper beds of the former section;
and taking into view the dip of the coal to the northward and
its thinning out in the opposite direction, it is very probable
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that the horizon of the undeveloped coal is represented by the
shales (No. 5), in the bluff. outerop. In the palaonto-
logical characters of the beds associated with this coal
horizon, it bears a close resemblance to the bed worked by
the Moingona coal company, on Polecat creek, near
Boonesboro.

Five or six miles below Bussey’s, in the extreme southeast
corner of the county, on Bower’s branch, several distinct
exposures of coal occur within a vertical height of twenty-five
feet. The outcrops are limited, and it is possible the beds
have a northerly inclination, in which case there would be a
much greater thickness of strata intervening between the coals
than is apparent from the relative levels of their outerops,
which are, perhaps, a quarter of a mile distant from one
another. The first or lowermost exposure appears in the
left bank of the North Raccoon, a few yards below the mouth
of Bower’s branch, in the southeast quarter of section 36,
township 82, range 29, at which place the following section
was made:

Yellow and blue clays, exposed 7 feet.
Bituminous shales, 114 feet.

Coal, 114 feet.

Ash colored shale, exposed to bed of river, 4 fect.

Z
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The coal is exposed only at low water. No organic
remains were observed in the bituminous shales.

Ascending Bower’s branch, the next exposure is seen in the
left bank at what is known as Utter’s coal-bank, in the south-
east quarter of section 36. Here a ten inch coal-bed outcrops
about twelve feet above the level of the coal at the preceding
locality, and presents, essentially, the same strata as shown
in the former section. A few hundred yards above Utter’s, a
thin coal-bed appears in the south side of the ravine at
Bower’s coal-bank, the coal being some seven feet above the
level of that at the last mentioned exposure, and presenting
the following section:
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Section at Bower’s Coal-mine.

No. 5. Light yellow shales, exposed 5 feet.

No. 4. Dark blue, irregularly bedded or nodular limestone, sometimes in
Septaria masses, embedded in blue clays, 1 foot. Contains— Productus semireticu—
latus (2), Chonetes Vernewilianus, Hemipronites crassus, Orodus, (sp. ?).

No. 3. Black carbonaccous shales, 1 foot. Productus long'spinus, P. Nebras-
censis, Chonetes Verneuilianus, Hemipronites erassus, Athyris subtilita.

No. 2. Coal, 10inches.

No. 1. Light, ash-colored clay, exposed to bed of ravine, 1 foot.

The last described exposure is doubtless distinet from
either of the preceding—differing not only lithologically, but
also in the fossils contained in the carbonaceous shales, and
in the overlying band of limestone. Amongst the debris in
the bed of the branch at Bower’s mine, fragments of buff
magnesian limestone, evidently derived from the Drift, were
found, which contain a Gasteropod and Pentamerus (?), but
too obscure to identify, though the rock is probably referable
to the Niagara limestone formation.

Economical Geology. Coal, so far as it has been possible
to learn, is not widely distributed over.the county. The beds
that have been discovered at the surface, are thin and not of
the best quality, taking as a standard of comparison even
‘the western coals. That other and better beds may be found
by shafting, we have no reason to doubt. Indeed, the greater
portion of the county may be underlaid.by the coal-producing
formation, but as yet we have no data showing conclusively
that this is the case.

Peaty Accumulations are known to exist in the low swales
in the uplands at various places in the county. But these
deposits are so shallow and intermixed with sand from the
washings of the adjacent Drift Deposits, as to be valueless
for fuel. These marshes, however, have little resemblance to
the peat-marshes of Northern Iowa, the vegetation being in
no way different from that which grows upon all more or less
moist tracts ; while in the peat region of northern Iowa, as
the investigations of Dr. White has shown, the wire-grass

184



138 COUNTY AND REGIONAL GEOLOGY.

forms the most striking peculiarity to the casual observer
in the appearance of a peat bog.

Building Stone is scarce in the county. There is compara-
tively little good quarry rock, the sandstones usually being
too friable to answer even for the most ordinary purposes of
masonry. Materials for the manufacture of common brick
are abundant ; and to this source we must mainly look for
the local supply of building material in the county. At
Jefferson, a company has manufactured a quantity of con-
crete blocks, but with the experience at present before us, we
can hardly recommend the concrete, as it is now manufac-
tured, as a durable building material. Processes may, and
doubtless will, be perfected after more experience shall have
been acquired, when an article as imperishable as stone may
be produced in this convenient shape.

In the bottoms upon the west side of the North Raccoon,
seven miles above Jefferson, on Mr. Gibson’s farm, a very
symmetrical mound rises from the plain, which has every
appearance of an artificial work. The mound is about
twelve feet in height and seventy-five feet in diameter, and is
composed of the gravelly soil found in the bottoms upon
which it rests. Mr. Gibson informed me that before the field
was subjected to cultivation, a very shallow but well marked
depression encircled the mound, but which is now hardly
discernable. There were formerly several other and smaller
mounds in the same field, but these have been leveled by the
plow. On the bluffs opposite, other mounds are found which
are said to have contained human remains.

Possessing a productive soil, and good railroad facilities,
the rapid growth of Greene county during the past five years
are substantial auguries for her futnre prosperity and agricul-
tural eminence.

12. CARROLL COUNTY.

Carroll county adjoins Greene on the east, Guthrie and
Audubon on the south, Crawford on the west, and Calhoun
and Sac counties on the mnorth. The county comprises
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sixteen townships, or an area of five hundred and seventy-six
square miles.

General Surface Features. Lying upon the Great Water-
shed, the county is watered by streams which flow into the
Missouri on the west, and into the Mississippi on the east.
The North Raccoon, which cuts across the northeast corner of
the county, is the largest stream; the Middle Raccoon and the
Brushy fork are the two next in importance. The two latter
streams take their rise in the watershed divide in the north-
eastern portion of the county, and flowing nearly parallel
four to six miles apart in a southeasterly direction, they malke
their exit near the southeast corner of the county. The upper
courses of these streams are little more than diminutive
prairie brooks, with gravelly beds, and clear, rapid currents.
Storm creek, an affluent of the Middle Raccoon, drains a
large tract in the northern-central portion of the county, as
also does Willow creek, on the eastern border. The North
Raccoon is deeply excavated into the Drift Deposits, and its
valley is bordered by rather steep acclivities, from seventy-
five to one hundred and more feet in height. The Middle
Raccoon is bordered upon its west margin by the high bluff-
capped slopes, while on its east side the Drift hills are less
conspicuous, and gain the inland heights by more gradunal
ascents. Brushy fork possesses a beautiful little valley, with
gentle acclivities upon either hand. On the west side of the
watershed divide the headwaters of the East Nishnabotany,
Whitted’s creek, and the East Boyer river rise, and form a
drainage system rarely more perfect. The headwaters of the
streams on either slope of the Great Divide interlock, as it
were, the drainage in many places being separated by a
narrow crest, as sharply defined as a gableridge. The
eastern slope from the summit of the watershed is quite
rapid. From profiles constructed by Mr. Charles W. Irish, C.
E., from levelings on the Chicago and Northwestern Railway
line, the descent from Tip-Top to the water-level of the North
Raccoon, at the point where it leaves the county, is shown to
be about four hundred feet. The eastern portion of the
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county has a gently undulating surface, but to the westward
of the Middle Raccoon, the surface presents a more rolling
appearance.

Springs issue from the gravel deposits of the Drift along all
the watercourses, furnishing the stream an abundant supply
of limped, pure water. Wells are easily obtained in the
region east of the Middle Raccoon, but in the uplands west
of that stream, water must be sought at greater depths,
though with just as great certainty of finding a never-failing
supply.

In a shallow depression or plain, below Carrollton, on the
east side of the Middle Raccoon, several interesting spring-
mounds occur which have excited much attention. The plain
is thirty to forty feet above the present level of the river,
from which it is separated by a well-defined drift ridge
which, in places, rises into considerable knob-like eminences
from one hundred to one hundred and fifty feet above the
stream. The plain, however, communicates with the valley
both above and below, and was probably once the channel
of the river, The spring mounds are situated along an
irregular line more or less in the middle of the depression ;
they are from four to six feet in height and as many yards in
diameter, and are apparently entirely composed of vegetable
matter, forming a peaty deposit which is largely mixed with
the exuviee of shells and other animal remains. The crests
of the mounds are covered by a rank growth of tall, flag or
marsh grass, but upon the sides there are usually two well-
marked bands of short herbage and moss encircling the
mounds and separated by a narrow belt of taller grass. The
disposition of the vegetation upon these places is exceedingly
interesting, though the mounds themselves, doubtless, owe
their origin to the existence of pools of water, indicating,
more or less accurately, the course of a former water channel,
and which, being fed from higher sources, the tendency -is
what we observe—a gradual building up of a peaty forma-
tion. The surface of the plain beyond the limits of the
mounds is perfectly level, and the deposit consists of decayed
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vegetable matter mixed with sand, forming a sandy muck.
Limited peaty deposits occur at several other localities in the
county, but none have been discovered of sufficient extent to
justify much dependence being placed on this resource for
fuel. These deposits are confined to springy ravines, and
higher up the watercourses, to low swales or * sloughs.”

The Soil of Carroll county, like that of Guthrie county,
presents two well-marked varieties. East of the Middle
Raccoon, the Drift Deposits have furnished a gravelly loam
of great strength and productivencss; while to the west of
that stream the uplands are deeply enveloped in the Bluff
formation which has imparted to the soil of this portion of
the county its own peculiar characteristics. On the principal
streams, small groves of native forest are found, and in
favorable situations, even upon the uplands, forests of young
oaks are springing up. In the valley of the Brushy Fork,
two or three small groves are met with, and between Raccoon
rapids and Carrollton, on the Middle Raccoon, other and
more extensive tracts are covered with fine growths of forests.

Geology. The only rock formations thus far known to
occur in Carroll county, belong to the Post-tertiary and Cre-
taceous periods.

Post-tertiary. The Drift Deposits are well developed in
the county, attaining a thickness of above one hundred feet.
The glacial or blue clay deposits are found in all these broad
depressions in the northern and eastern portions of the
county, where their presence may be readily distinguished by
the less gravelly character of the soil, as also by the greater
prevalence of moisture in these localities. The modified
gravel-beds overlying the glacial clays are accumulated along
lines between the drainage depressions, forming low and more
or less well defined ridges, whose surfaces are strewn with the
coarse materials of which they are in part composed, and
which consist of pebbles and boulders of granitic gneissose,
red quartzite, and limestone rocks. On the east side of the
Middle Raccoon the gravel deposits rise into quite Pprominent
ridges and mounds, which terminate abruptly on the river
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face, and slope quietly inland. This dike like drift-ridge
forms a peculiar feature in the topography of the country
bordering the Middle Raccoon throughout the greater part of
its course. It confines the river to a narrow, gorge-like
valley, and turns the drainage into a few far less considerable,
though on this account doubly important, afluents which
discharge into the main stream at intervals the waters
gathered from a large area.

The valleys of the North and Middle Raccoon rivers are
beautifully terraced, the materials of which are arranged in
the most perfect order, though presenting all the varieties of
deposition, such as more or less confined currents produce, as
is well known in the examples of the alluvial formations now
in process of making. The terraces vary in elevation above
the present levels of the rivers, of from ten to thirty or forty
feet, and occupy the greater portion of the valleys. TFine
examples of these formations may be seen on the Middle
Raccoon in the vicinity of Carrollton and below, but above
that point they become less and less marked, and finally
disappear entirely.

The Middle Raccoon and Brushy fork are separated by a
sinuous, rounded divide which attains an elevation upwards
of one hundred and fifty feet. The latter stream differs
widely from the former: its valley is not terraced, and the
bottom-lands gradually and interruptedly ascend to the
steeper acclivities which bound the valley on either hand.
The gravelly soil of the sloping bottoms is largely mixed
with the fine material derived from the Bluff Deposit, which
crowns the heights bordering both sides of the valley. In the
divide between this stream and the Middle Raccoon, the
Drift Deposits reach the height of one hundred and thirty feet
above the stream, and the Bluff Deposit thence to the summit
shows a thickness of thirty feet in many places. The line of
demarcation between the Bluff and the Drift Deposits is
usually obscured by the washings of the upper deposits,
which sometimes cover entire slopes underlaid by the Drift.
But there are localities where the limits of the deposits may
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be distinctly seen, as in the valley-side near Mr. Cooley’s
opposite Fuller’s grove—township 82, range 34. The west
margin of the Brushy Fork is bordered by rather abrupt low
bluffs, from which the ascent swells in graceful undulations to
the elevated watershed divide in the western portion of the
county. The following diagram conveys a tolerably accurate
idea of the configuration of the country iu the border region
of the Bluff and Drift Deposits, the elevations being approxi-
mately accurate:

Fic. 84.

BRUSHY FOAK.
N

NEE.

The above profile represents the surface contour along the
southern border of the county. The dotted line approxi-
mately indicates the division between the Bluff and Drift
Deposits, which deeply cover the watershed and cap the
divide between the Brushy fork ard the Middle Raccoen. On
the right, is shown the drift-ridge bounding the east side
of the Middle Raccoon, from which it separates the broad
depression in which the peaty spring-mounds before men-
tioned occur.

Cretaceous. On the North Raccoon, in the northwestern
portion of the county, there are a few exposures of soft
ferruginous sandrock, &c., which are referred to the
Cretaceous. In the right bank of the river, near Mr.
Shrive’s, in the southeast quarter of section 9, township €4,
range 32, a thickness of ten feet of soft, heavy-bedded yellow
sandstone outcrops at an elevation of thirty feet above the
stream. The rock is worthless for building purposes, readily
crumbling between the fingers and rapidly disintegrating
from exposure. On Purgatory creek, in section 12 (?), town-
ship 85, range 83, similar soft ferruginous sandstone exposures
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Fre. 85. occur, underlaid by fine, light
clays, which doubtless belong to
the same formation.

At Raccoon rapids, in the
right bank of the Middle Rac-
.coon, a fine exposure of sand-
stone, clay, and ferruginous

/ - layers afford the following sec-
section:

Section at Raccoon Rapids, Middle Raccoon.

Hard, shaly, ferruginous sandstone, exposed 2 feet.
Ash-colored clays. 5 feet.
Alternating ferruginous saad and clay bands, 15 inches.
No. Soft, light and brown, laminated sandstone, passing below into heavy
bedded ycllow sandstone, exposed to river level, 15 feet.

Z
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One mile south of Carrollton, in the northeast quarter of
section 12, township 82, range 34, a ledge of heavy bedded,
soft, ferruginous sandstone forms a low mural exposure
for several yards along the left margin of the stream, where
it shows a thickness of about twenty feet. In the lower
portion of the bed, large lenticular masses of light colored
fine clays occur sometimes several feet in length, the washing
out of which has produced miniature caverns in the base of
the escarpment. The clay is not unlike that usually
associated with the Cretaceous sandstones a few miles south
in Guthrie county, and the entire lithological resemblance
to those deposits is too unmistakable to allow of a doubt
respecting their identity. Mr. McCredy, of Carroliton, also
showed me other exposures in this vicinity which, without
doubt, are referable to the same formation. The clays often
present dark colored, arenaceous layers which have been
mistaken for coal-measure shales. Although the coal-
measure strata are not seen at the surface they probably
underlie a portion of the southeastern half of the county.
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and perhaps even a larger portion of its area. About three-
quarters of a mile southwest of Carrollton, in the right bank
of the Middle Raccoon, about six feet above the water, a
gray, fragmentary, impure limestone outcrops, showing a
thickness of three feet and underlaid by fine ash-colored
clays. No organic remains were detected in the limestone,
and its relation to the former exposures is not known.

Fconomical Geology—Coal. The only coal known to occur
in the county is that derived from the Drift Deposits; in
digging wells and making other excavations, fragments have
been found associated with the loose materials of these
deposits. But no beds of this important mineral fuel have
as yet been discovered, though it is not deemed improbable
that the coal-measure formations underliec at least a portion
. of the county, yet we have no positive evidence to that effect.

Peat, or Pealy Deposits are known to exist at several
localities in the county. Just below the mill at Raccoon
rapids, in the bed of a slight ravine on the west side of the
river, an accumulation of peat, several feet in thickness, was
found, but it is too limited to be of any value. The peat rests
upon the blue clay of the Drift, and is confined on three sides
by the loose gravel deposit. Near Mr. Robert Hill’s place, on
the headwaters of the Drushy Fork, section 36, township 83,
range 35, similar accumulations have taken place in the
swales which intersect the prairie upland, and the turf is said
to burn well. These deposits are of considerable extent, and
should they be found to be free from sand and gravel, they
may become of some value as a resource for fuel.

Building Stone is very scarce in the county. The Creta-
ceous sandstones are too friable to answer for the most
ordinary building purposes, excepting some of the harder
ferruginous layers which are sometimes employed in laying
up rough under-pinnings and in walling up wells, &e. The
materials for making brick may be had in abundance. But
care is necessary when the selection is made in the western
portion of the county, in consequence of the prevalence of

calcareous matter derived from the disintegration of the
194
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Bluff Deposit in the surface deposits upon the lower slopes.
The lime thus mixed with the earth is converted into quick-
lime in the process of burning the brick kiln, and on exposure
to moisture the lime slakes and bursts the brick.

The county is traversed east and west by the Chicago and
Northwestern railway, so that lumber for building purposes
and other improvements is as easily and cheaply obtained as
in any of the interior counties. In common with many other
counties, Carroll offers some of the most desirable facilities
for stock raising, and the soil is capable of rendering the
most remunerative returns for careful husbandry. The
streams are small, though they may be turned to great prac-
tical account as furnishing water-power. That at Raccoon
rapids is one of the best in this section of the country.

13. CALHOUN COUNTY.

This county comprises sixteen congressional townships, or
an area of five hundred and seventy-six square miles. Tt
lies wholly upon the Mississippi slope, and is bounded on
the east by Webster, on the north by Pocahontas, west by
Sac, and on the south by Greene and Carroll counties.

General Surface Features. The general surface configura-
tion is nearly level, or but gently undulating, and with
the exception of occasional small groves in the neighborhood
of the streams, its entire surface presents an uninterrupted
prairie.

The county is mainly watered by the North Raccoon river
and its tributaries. The former stream crosses the southwest
corner of the county, where it receives Lake and Camp
creeks. The South fork of Lizard river crosses the extreme
northeast corner of the county, collecting the drainage of two
or three townships in that quarter. The streams have
shallow though well-defined valleys, which are almost
entirely excavated in the Drift Deposits, and are bordered by
narrow bottoms from which rise rather steep acclivities. The
valley of the North Raccoon in the vicinity of Lake City has
a depth below the bordering uplands of from eighty to
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one hundred feet. But the smaller streams rapidly ascend,
and along their upper courses they often spread out into
wide, marshy tracts, though still retaining the character of
distinct drainage channels. TUpon the level uplands are
found tracts of wet land, but these can be easily drained,
and when once reclaimed they will comprise the most
valuable lands for agricultural purposes in the county. The
higher tracts are covered by a dark, gravelly loam, capable
of producing excellent crops of all kinds adapted to this
latitude.

Twin Lakes. In the northern-central portion of the county,
are two handsome lakelets, comprising within their margins
an area of about seventeen hundred acres. They are
shallow basins but slightly depressed below the general
level of the adjacent prairie, and are bordered by low
indented shores which here and there jut out into the water
forming miniature headlands, five to twenty feet in height.
In places the shores are studded with boulders, and along
the low places embankments, of earth have been crowded
up from the bottom by the expansive force of the ice in
winter, forming in both cases accumulations bearing some
rude resemblance to walls. Their beds are sandy or gravelly,
and covered with a depth of from five to twenty feet of water,
and abundantly supplied with fishes of the same species
as those found in the streams in this region.

The north lake is a narrow body of water about two and a
half miles long, with an average width of half a mile. Its
shore line is interrupted by miniature headlands and shallow
bays with short stretches of sandy beach-and plots of rushes.
The south lake is more quadrangular in outline, with a
marshy arm running parallel with the south margin of the
upper lake from which it is separated by a narrow strip of
land. Just to the west of this lake is a large marsh, which
was once, doubtless, a third lake and is still connected with
the south lake by a shallow outlet at its upper extremity.
The longer axes of the lakes are on a nearly northeast and
sonthwest direction. They were once connected by a wide
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shallow arm at the south end of the upper lake forming a
continuous sheet of water four miles in length. But at no
very remote period, comparatively, the connection between
the lakes was cut off by the formation of low barriers of
sand on either hand, by the same agencies that formed the
walls, enclosing a shallow basin which was subsequently
converted into a marsh. Farly in the season of 1869, the
upper lake burst the barrier on the east margin near its foot,
‘producing a diminutive channel connecting it with the south
lake. The drainage of the lakes is affected through a
““ slough ” commencing at the foot of the lower lake, which
discharges into Lake creek, an affluent of the North
Raccoon.

Peaty Deposilts are not unfrequent, though none of any
considerable importance have as yet been discovered. Those
that have been examined were found to be of limited extent
and largely mixed with sand and other foreign matter, in
consequence of which their value for fuel is greatly lessened.
However, it is not improbable that a thorough examination
might bring to light important deposits of this material. On
Mzr. David Haines’ place, in section 7, township 86, range 34,
a peaty accumulation is found in the brow of the bluff over-
looking the west side of the valley, which is several feet in
thickness. It is formed along the line at which the springs
issue from the gravel beds, and is gradually increasing by
crowding down the slope, or following the course of the
moisture and terminating abruptly at the point where the
spring waters again sink into the loose deposits forming the
terraces or high bottom-lands.

Geology. Aside from the Drift of the Post-tertiary period,
there are exceedingly few rock exposures in the county, and
these are of limited extent and doubtful age.

Post-tertiary, The deposits of the Drift are well repre-
sented, everywhere covering the surface of the county to the
depth of from fifty to upwards of one hundred feet. They
consist of the boulder-charged, glacial clays, upon which
rests a deposit of loose, coarse materials, which bear in their
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bedding evidence of their modified origin. In the valleys of
the larger streams these coarse materials have undergone
further modifications during the time in which the terraces, or
“ gecond-bottoms ” were formed, which to-day constitute one
of the most pleasing features in the valley scenery. Fine
examples of terrace formations are found in the valley of the
North Raccoon, and wherever the stream has cut into these
benches, exposing a section of their structure, they are inva-
riably found to be made up of well assorted materials,
presenting almost every conceivable variety of stratification
in their arrangement. The terraces are composed of sand
and gravel, and usually being above the reach of the highest
floods, they comprise valuable tracts for agricultural purposes.

The loose materials or gravel deposits which occur at the
surface in the uplands, are very generally distributed, though
they form a deposit of very variable thickness. Wherever
they occur, however, the soil is thoroughly underdrained, so
that the presence of this deposit is most beneficial by
rendering the greater portion of the lands accessible for
immediate cultivation. But wherever the glacial clays come
to the surface, lakes and boggy land or marshes occur, the
drainage of which, owing to the impervious nature of this
deposit, is only affected by means of direct channels or water-
courses. '

Cretaceous. In the extreme southwest corner of the county,
on the Lower course of Lake creek, limited exposures of soft,
ferruginous sandstone, accompanied with clays, is said to
appear, which, doubtless, belong to the sandstone formation.
that outcrops on the North Raccoon, in Greene and Carroll
counties. These deposits are of doubtful age, no fossils as
yet having been detected by means of which the stratigraphic
position of these beds could be determined. But there seems
to be good grounds for refering these sandstones to the Lower
Cretaceous epoch which, we know to be represented by
similar deposits on the Middle Raccoon, a few miles to the
southwestward in Carroll and Guthrie counties, and on North
Raccoon, in the adjoining counties of Sac and Greene.
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The Lower coal-measures appear on the Lizard and on the
Des Moines, in Webster eounty, which joins Calhoun on the
east. This formation may possibly underlie at least a
portion of the region embraced within the limits of this
county ; but the heavy deposits of Drift that everywhere
cover the surface, conceal from view every vestige of this
formation, unless the sandstones mentioned above, belong to
the coal-measures. Yet these latter deposits are quite unlike
the sandstones that occur in connection with the coal in the
Fort Dodge region, though they have an unmistakable resem-
blance to the arenaceous beds which are associated with, or
found overlying the gypsum deposits at that locality.

General Observations. There being no coal-beds in Calhoun
county, the supply of fuel is wholly derived from the forests.
These are limited in extent, compared with the extent of sur-
face destitute of trees. However, this fault can be easily
remedied by the planting of artificial groves. The common
willow has been successfully cultivated for hedges, making in
a few seasons a very secure fence. The materials for the
manufacture of brick are abundant, and will constitute the
principal building material where wood is not employed.
For grazing purposes, the county is one of the best in the
State. Water for stock can be easily obtained, and those
portions of the surface that now present almost impassable
sloughs, by a thorough system of drainage, may be converted
into the most valuable lands for meadows.

14, SAC COUNTY.

Sac county has an area of five hundred and seventy-six
square miles. The general form of the county is square,
but the northern tier of townships, north of the correction
line, form a slight offset two and three miles west of the
southern ranges. It joins Calhoun on the east, and is
bounded on the north by Buena Vista, west by Ida, and on
the south by Carroll and Crawford counties.

General Surface Features—Drainage. The county is prin-
cipally drained by the North Raccoon and Boyer rivers. The
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headwaters of Maple river rise on the western border, though
the main part of the drainage is performed by the two former
streams. The Boyer river takes its rise on the northern
boundary of the county, and flows southerly through the
thirty-seventh range of townships or nearly through the
middle of the county. The North Raccoon, the more impor-
tant stream of the two, rises in Buena Vista county, one of
its sources being Storm lake, and flowing in a southeasterly
direction it leaves the county on the eastern border of the
southeastern township.

Surface Configuration. The position of the county being
upon the Great Watershed, dividing the drainage of the Missis-
sippi and Missouri rivers, its surface features are more varied
than those found in the county last described. The watershed
divide passes through the middle of the county in a north-
south direction, and forms a well defined plateau-like ridge
varying from one to five miles in width. The eastern face of
the divide sometimes presents an abrupt acclivity overtopping
the highest ridges to the eastward, in which direction an
extensive view is gained overlooking the basin occupied by
the North Raccoon and its tributaries. This basin presents
the appearance of a broad plain, which is traversed in a
north and south direction by low ridges or benches, which
are more or less parallel to one another. To the southward,
a higher ridge running eastward and apparently con-
nected with the main watershed divide, forms a conspicuous
barrier, separating the headwaters of the Middle Raccoon
from the North Raccoon river. This ridge lies within Carroll
county, a few miles to the southward of Wall lake, and is
a prominent land-mark in that quarter. The west slope of
the great divide descends into the valley of the Boyer by a
more uniform declivity, though perhaps, no less abrupt than
is the eastern face in many places.

There is a marked contrast between the valleys of the east
and those of the west side of the watershed, though it is one
commonly observed throughout this region. However, it has
been shown in the notiece of Guthrie and Carroll counties, that
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even the country upon the east slope of the great divide, for
at least a few miles to the eastward of the crest, partakes of
the topographical characters common to the west side. - This
is due to the overlapping, as it were, of the Bluff Deposit
upon the Mississippi slope along that portion of the main
divide. But in Sac county, the watershed marks the eastern
limit of that deposit, as it also separates the two topogra-
phical features belonging to the Drift and Bluff Deposits by
a distinet, even abruptly drawn line. The valleys proper, on
the east side of the great divide, are comparatively shallow,
and are bordered by rather abrupt acclivities. The valley of
the North Raccoon, in the vicinity of Sac City, has a depth
below the adjacent uplands of from fifty to seventy feet.
Throughout its course in the county, it presents beautiful
examples of terraces, varying in elevation above the level of
. the stream from five to thirty-five feet. Sac City, owes the
beauty of its location to one of these terraces, or ‘second
bottoms” as they are often termed—which here occupies a
large portion of the valley upon the west side of the river,
forming a plain thirty to thirty-five feet above the river level
—even the aboriginal inhabitants of the country seem to have
appreciated the natural beauty of these locations, and in
many instances they were selected for village sites or places
for the interment of their dead. The present village of Sac
Oty occupies what appears to be one of these burial grounds.
A series comprising six or eight low, circular mounds, vary-
ing from fifty to eighty feet in diameter and two to six feet in
height, without apparent order in their arrangement, occupy
a portion of the terrace facing the southeast. Several of the
mounds have been excavated into, without however, any dis-
covery being made that throws any light upon their origin or
the purpose for which they were erected.

Above Sac City, the North Raccoon valley rapidly becomes
more shallow, until, on reaching the northern line of the
county, it assumes all the characteristics of a prairie brook.
Cedar creek, the most considerable affluent in the county,

falls into the North Raccoon upon its left margin, a mile or
N\
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so below Sac City. All the streams on the east side of the
watershed possess clear, rapid currents, and sand or shingle -
beds. The principal stream furnishes fine mill-sites, which
will become important auxiliaries in developingthe resources
of the country as its settlement progresses.

The valley of the Boyer presents an entirely different aspect
from that of the North Raccoon. Its bottom land varies from
a quarter to half a mile in width, through which the stream
oscillates from side to side, resembling a deep, narrow ditch
bordered by steep, muddy or grassy banks. The bottom
lands gently rise to the foot of the uplands, which have a
regular and rather steep ascent the lower third of their height
and thence to the summit the ascent is gradual, giving rise to
the beautiful tracts of undulating upland so frequent in this
region. All the tributaries of the Boyer within Sac county
‘are short, being indeed little more nor less than shallow
ravines, whose beds are seldom flooded, save during heavy
rains, or in the spring when the melting of the snow converts
their beds into diminutive rivulets.

To the westward, the land rises in the divide between the
Boyer and Maple rivers, which is intersected by numerous
ravines and drainage channels tributary to the latter stream,
whose beds are deeply eroded into the surface deposits,
producing all along the western border of the county a belt of
rolling land.

Lakes. With the exception of a few small ponds in the
center of the county on the upper course of Indian creek,
there is but a single body of still water that can be properly
classed under this head. This little sheet of water is situated
in an undulating knob in the Drift region between townships
86 and 87, range 36, in the southern portion of the county,
and is known by the name of Wall lake. .The longer axis
of the lake lies in an east and west direction, its eastern
portion is the widest, contracting in the middle by a narrow
point of land which puts out from the south shore, and
expanding again to the westward probably two{or three

square) miles within its margins. It occupies a shallow
20A
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basin resting upon the Glacial Deposits, its bed being very
uniform, and composed of mud or sand, with a depth of from
five to twelve feet of water. In places, the shore is bordered
by low embankments of earth and boulders, which are often
broad enough on the top for the passage of carriages,
forming beautiful natural road-ways, fringed at intervals
by clumps of low shrubs and pretty stretches of sand beach
upon the one hand, and the grassy prairie upon the land
side. At the eastern extremity, in the vicinity of the outlet,
the shore is exceedingly low, the lake margin being here
defined by a low turf barrier, which owes its origin to the
same natural causes that threw up the sand and boulder
embankments. In settled weather the water is quite clear,
and of a deep blue color; but during the prevalence of storms
and the consequent agitation of the lake, its waters become
thick and turbid with the fine sediment stirred up from the
shallow bottom. The land gently rises on all sides of the
lake, the highest eminences reaching an elevation of from
seventy-five to ninety feet above the water. The land is
perceptibly lower in the direction of the outlet, which drains
into Indian creek, an affluent of the North Raccoon. The
lake is abundantly stocked with fish, and during the spring
and autumn months it is the resort of myriads of water fowl.

Forests, Soils, etc. The wooded portion of the county is
almost wholly embraced in the valley of the North Raccoon.
In the vicinity of Sac City and Grant, and at intermediate
points, handsome groves line the banks of the river, and here
and there spread out over considerable tracts on the higher
terraces and uplands. The Boyer valley is almost destitute
of trees, an occasional clump of willow and other low growth
is all that bears any resemblance to arboral vegetation. With
the settlement of this region and the consequent introduction
of trees, the whole face of the country will undergo a change
in its appearance which only those who have been familiar
with it in its original, wild prairie condition, will have any
just appreciation of.

The soil, over the whole eastern half of the county, is a
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gravelly loam, as might be expected in a region where the
Drift Deposits, from which the soil is derived, present their
finest development. Upon both sides of the North Raccoon,
there is a narrow belt of knobby lands where the soil is more
than usually gravelly, and the surface on the higher knobs
and ridges is often thickly strewn with boulders. In the
lower grounds and depressions, we find a very fertile accumu-
lation of black soil containing just enough coarse materials
in its composition to render it tractable under cultivation.
The bench or terrace lands in the valleys, have a soil quite
peculiar to those situations, the component parts of which
consist largely of fine gravel and sand remarkably evenly
distributed with a liberal admixture of humus. The intervals
or low bottoms immediately bordering the larger streams, as
usually observed throughout this region, are made of sand
deposited by the annual freshets and the wash from the
adjacent uplands. In the western portion of the county, the
fine, yellow soil of the Bluff’ Deposit prevails almost exclu-
sively.

Wells of good water are easily obtained in the region of
the Drift, and even in the western portion of the county,
water can be found doubtless at moderate depths by exca-
vating through the Bluff Deposit to the underlying Drift
gravels. In the country drained by the North Raccoon,
springs are very common, appearing at all elevations in the
valley slopes; but the limped streamlet soon loses itself
in the loose, porous deposits that fill the valley.

Geology. So far as known at present, no rocks of older age
than the Post-tertiary period appear at the surface in Sac
county. Possibly the coal-measures underlie at least a
portion of the county, but at the same time it is deemed
hardly probable. Also, the Cretaceous formation may occupy
a portion of its area, since in the adjoining counties to the
east and south the sandstones provisionally referred to
that period are known to occur, the last exposure of which,
that is seen on the North Raccoon, is but three or four
miles east of the eastern boundary of Sac county, in section
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22, township 86, range 84, Calhoun county. But none of
these formations have been recognized within Sac county.

Post-tertiary. The entire surface of Sac county is deeply
covered by Post-tertiary deposits, which present all their
varied physical peculiarities to great advantage. The Drift
or older deposits of the period occupy the surface over
fully half the area of the county. The Glacial Deposits,
consisting of blue clays, sand, and gravel, with boulders,
may be seen at numerous points in the sides of the deeper
valleys. Resting upon these deposits are almost equally
widely distributed deposits of modified drift materials which
occupy the surface, and almost everywhere form the subsoil in
the uplands. The latter deposits are made up of the coarse
materials derived from the breaking up or erosion of the
glacial beds and their re-deposition in shallow waters affected
by currents, as evidenced by the more or less distinetly
stratified condition of these superficial beds. These deposits,
however, have been subjected to very extensive erosion,
greatly reducing their original importance, but leaving here
and there landmarks that enable us to form some conception
of their former extent. These remnants exist in many
instances as knobs and low ridges that rise above the general
level of the surrounding country, and are peculiar for the
great prevalence of boulders in their immediate vicinity, and
with which their tops and sides are thickly paved. In the
intermediate depressions between the gravel ridges where
the drift deposits have been denuded to greatest extent, the
heavier and coarser materials, such as the currents could
not remove to any great distance, have accumulated in the
trough, so to speak, and in the course of the sgbquuent
great length of time they have been covered and hidden
entirely from view by the wash from the surrounding high
grounds. In digging wells in these depressions, which still
retain a more or less well-marked existence in the surface
conformation, the accumulated mass of boulders are often
encountered and sometimes prove serious obstacles in making
excavations for water.
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As we approach the Great Watershed in the central portion
of the county, the Drift Deposits must attain a thickness of
two hundred feet or more. They appear in the highest
eminences immediately upon the eastern margin of the great
divide, forming steep declivities, in whose sides the gravel
and boulders prevail in abundance. In the region between
the Watershed and the North Raccoon, the surface falls away
in broad undulations, like gigantic terraces, the crests of the
parallel ridges or swells being broken into knobs, and, in
places, strewn with boulders and gravel. Just before gaining
the North Raccoon, the surface gracefully sweeps upwards,
and then suddenly breaks down, forming ranges of low bluffs
bordering the valley.

In crossing the great divide, we hardly gain the summit
when the Drift disappears—no boulders, indeed not so much
as a pebble is visible at the surface, but instead, the light buff
deposit of the Bluff formation everywhere meets the eye. At
first, but a film overspreads the Drift Deposits along the
eastern margin of the divide, but it increases in thickness as
we approach the higher portions of the divide, where it is
probably several feet in depth, completely burying the
underlying deposits from sight. However, at infrequent
intervals, the Drift again appears in the slopes overlooking
the Boyer valley, but the Bluff’ Deposits crowns the higher
grounds and also generally envelopes the valley declivities;
and to the westward, in the divide between the Boyer and
Maple rivers, it constitutes the predominant geological and
topographical features of the country.

General Observations. — Building Material. With the
exception of the boulders in the Drift Deposits, there is no
stone in the county. Material for making common brick is
abundant, but the present scarcity of fuel in the greater
portion of the county prevents even this resource being made
go available as it might be under more favorable circum-
stances. Should a process be discovered for manufacturing
a durable ‘“concrete block,” the gravel beds which abound
over so large an extent of the county could be turned to
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great economic account as furunishing a building material.
The demand for lumber for building purposes is now
promptly supplied by the railways which approach both the
north and the south borders of the county within twenty
miles of the most remote settlements.

As a grazing region, Sac county has no superior in the
State. It will also eventually take a high rank as a grain
producing county. But it is peculiarly adapted for stock
raising, which will, doubtless, in the future, engage the chief
interests of the farming community.

15. IDA COUNTY.

This county lies immediately west of Sac county, and
comprises twelve townships, or four hundred and thirty-two
square miles. It is bounded on the north by Cherokee
county, west by Woodbury, on the south by Crawford, and
east by Sac county.

General Surface Features—Drainage. The county is
mainly watered by Maple river, which flows southerly from
the north boundary to a point about in the center of the
county, and thence southwesterly, taking its exit in the south-
west corner. 1t receives several small affluents within the
borders of the county, the largest of which are Battle,
Odebolt, and Elk creeks. The former drains a small area to
the north and west of the Maple, and the two latter a more
considerable tract to the eastward. Soldier river rises in the
southeastern portion of the county, gathering its waters
through innumerable ““ draws,” and leaving the limits of the
county before it has gained the dimensions of a good sized
prairie brook. In the extreme northwest the Little Sioux
and two or three small tributaries collect the drainage of the
greater portion of two or three townships in that quarter.
Besides those enumerated, there are many small water-
courses, and innumerable lateral ravines intersect the uplands
in every direction, completing one of the most remarkable
and effective systems of surface drainage.

Surface Configuration. The county lies just within the
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Missouri drainage. Its surface is more or less rolling and
almost an uninterrupted prairie. In some places the land is
indeed quite broken, rising into eminences of considerable
elevation. But, in general, the uplands are not so rolling but
that they may be readily cultivated, and in most instances
they afford very desirable situations for agricultural purposes.
The valleys are deeply cut into the superficial deposits in
which their beds wholly rest. That of Maple river is one of
the finest in the west. The stream winds through a level
bottom-land, the average width of which is about half a mile;
it is bordered by steep banks ten to fifteen feet high, and its
rapid fall affords very good water-power. In places the bed
of the river is composed of gravel, but for the greater part of
its course in the county it flows over a bed of mud and quick-
sand. The bordering upland declivities gain the bottoms by
graceful slopes, broken here and there by more abrupt
descents, and now and then opening into equally beautiful
valleys, which border the lower courses of many of the
tributaries. These little valleys are often flanked by moder-
ately elevated benches, which constitute an interesting feature
in the scenery of this beautiful region. At the confluence of
the Odebolt, one of these terrace-like formations crowds out
into the valley of which it commands a charming view
looking both up and down its course. Ida grove crowns the
steep slopes upon the opposite side, and below clumps of
soft-maple fringe the stream, giving to the valley the appear-
ance of an extensive and well-ordered park.

In the vicinity of Ida grove, near the center of the county,
the bottoms lie at about two hundred feet below the general
upland level. To the eastward, in the divide between the
Odeboldt and Elk creeks, there are isolated ridges which rise
to a still greater height, and probably attain an elevation
of fifteen hundred to sixteen hundred feet above the sea, being
of even greater altitude than the watershed divide in Sac
county, twelve or fifteen miles east. While the greater part
of the southern portion of the county presents a broadly-
rolling prairie, intersected by numerous drainage channels
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whose sides are bordered by more or less gentle acclivities, to
the northward the surface is more gently undulating, and
finally merges into the level plains of Cherokee county a few
miles beyond the northern limits of the county. 'Lhe valleys
of the smaller streams have a rapid ascent, and for the
greater part along their courses they can hardly be said to
possess any bottom-land, resembling in all respects rather
deep, wide ravines. As we approach their sources, lateral
ravines come down at more or less frequent intervals, and
these again ramify in shallow depressions which draw the
surface waters from every portion of the upland as effectually
as though they had been laid out under the direction of an
engineer. ‘
With the exception of a few diminutive ponds in the south
portion of the county, in which some of the branches of
Soldier river rise, there are no wet lands in the county. The
low bottoms in the valley of the Maple, are liable to annual
overflow, but during the greater part of the year, these tracts
are dry and afford the most luxuriant natural meadows.
Lorests, etc. The scarcity of timber, doubtless, has had
much to do in retarding the settlement of this fine region, but
it is by no means the chief obstacle that has operated to
prevent its becoming the home of a large and flourishing
population. On the completion of the east and west rail-
roads through this section of the State, large tracts of the
best lands in the county have been thrown into market at
reasonable price by the railroad corporations, so that the
general settlement of the county dates back only two or
three years, although a few settlemeuts were established here
ten or twelve years ago, or in the season of 1858 or 1859, that
of Judge Morehead, at Ida Grove, being the first as it is also
one of the finest estates in the West. The most considerable
tract of timber in a single body, is that which lines the Maple
and crowns the adjacent heights overlooking the valley on its
west side, known as Ida Grove. It embraces a broken tract
of ground containing about a quarter section, with the
following varieties of trees: Soft-maple, bur-oak, red-elm,
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hickory-elm, hickory, black-walnut, hackberry, box-elder,
white-ash, etc. The observations on the encroachments of
timber in the prairie regions of other counties are equally
applicable to Ida county. In the outskirts of Ida grove, the
hill-sides are in many places overgrown by a vigorous growth
of young oaks, which in a few years will assume the propor-
tions of forest trees. As soon as the prairie fires are checked
by the improvements in various quarters, many of these
young groves will increase and in a few years form forests of
no inconsiderable extent.

Fruit trees also thrive well here. The young orchard on
Judge Morehead’s estate, including several of the hardier
varieties of apple trees, and also a fine lot of grape-vines,
presents as thrifty growth as anywhere to be found in the
State. As yet, however, little attention has been given to the
growing of fruit; but as the county becomes settled, there is
no reason why horticulture should not claim, as it deserves,
the earnest attention of our farmers which would not only
supply one of the luxuries, but prove a source of material
wealth.

The Soil throughout the county is mainly of Bluff origin.
It consists of a buff-colored, exceedingly finely comminuted
silicious earth, with an admixture in favorable situations, as
in the beds of the drainage depressions and in the valleys of
humus, which gives it its dark color, the same as in the
loamy soils of eastern Towa. Upon the higher points the
soil contains comparatively little humus, for the reason that
it is swept down by the rains as fast as it is accumulated by
the decay of the herbage, and deposited in the beds of the
ravines and in the valley bottoms, where it often forms a
deposit of rich, black earth, several feet in thickness. In the
sides of the deeper valleys there are gravelly plots, though of
small extent. The soil in the bottoms consists of a dark
mould, the sand being coarser than that in the upland soil,
and probably was derived largely from the Drift Deposits,
although it is mixed with the washings from the hill-sides to

a veryz(*{)nsiderable extent, besides the sediments deposited
21A
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by the floods upon the lower bottoms, contiguous to the
streams. There is not an acre of barren soil in the county,
neither is there any portion of its surface but that may be
made available for agricultural purposes in one way or
other.

The uplands are covered by a thick growth of short
herbage, affording the best of pasturage, and in the * draws”
towards the heads of the ravines, we find a luxuriant growth
of avariety of tall grass, called blue-joint, which is said to
make hay not inferior to the cultivated varieties. In the
valley of the Maple the finest meadow lands ocecur, the yield
of hay per acre being enormous in many localities.

There are few springs that issue at the surface, and the
probability is that wells will have io be sunk through the
Bluff Deposit into the underlying gravel-bed of the Drift
before a permanent supply of water can be obtained. The
tenacious nature of the Bluff Deposit is such as to obviate
the necessity of curbing, so that wells may be excavated
to very considerable depths with comparatively little expense.

Upon one of the high ridges in the vicinity of Ida Grove,
an extensive Indian encampment is still pointed out by the
abundant remains of the carcasses of buffalo, elk, deer, and
other game, which thickly cover the surface or lie half buried
in the soil over an area of many acres. The site commands
a magnificent view of the surrounding country, taking in
miles of the beautiful valley at a glance. The course of the
deeply worn trail is still visible, which is said to have been
a great highway communicating with the extreme southeast
and northwest portions of the territory now embraced in the
State of Iowa.

Geology. No regularly stratified rock formations appear at
the surface in the county. Its geological features are entirely
moulded in the Post-tertiary formations, of which the latest
deposit is by far most predominant.

The Drift is seen outcropping at various elevations in
the valley-slopes on the Maple, and also appears over limited
arcas in the sides of some of the smaller valleys. It is
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composed of gravel and boulders, held in yellow, sandy
clays, quartzite and the usual varieties of gneiss and granitic
boulders abounding. These deposits bear every evidence
of having been extensively denuded, since their surface
presents great unevenness, rising in places a hundred feet
above the valley of the Maple, and then again sinking even
below its level. In the immediate vicinity of Ida Grove, the
gravel-bed makes its appearance in the bluffs upon the right
side of the valley, and upon the opposite side the same
deposit shows itself in broad undulating benches at the
confluence of the valley of Odebolt creek. It also appears
at many places lower down the valley, and in the uplands
on both sides of the Maple its outcrop, however limited, may
be readily detected by the prevalence of boulders and gravel
at the surface. Ascending the valley of the Maple, the Drift
gradually assumes a more important part in the surface
geology, and but a few miles north of the northern boundary
of the county, it forms almost the entire border slope of
the uplauds. It is impossible to estimate the thickness of
these deposits in this region, since we have no knowledge
of the depth they reach below their lowest exposures in the
valleys. But it is well known that they locally attain one
hundred feet, although this cannot be accepted as represent-
ing the mean thickness of the deposits. We see no indication
of the glacial or blue clays, although they appear in the
bluffs on the Missouri in the vicinity of Sioux City, fifty
miles to the westward, and without doubt this deposit under-
lies the yellow gravelly clays in the valley of the Maple in
this section.

The Bluff Formation overspreads the entire county,
enveloping the uplands in a deep mantle of the peculiar
gilicious deposit of which it is composed. In the southern
portion of the county it probably attains its greatest thick-
ness, where it cannot be less than one hundred fect. On
the eastern border of the county it forms quite high eleva-
tions, noticeable for their isolation and abruptness, and
interesting as bearing unequivocal evidence of the great
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thickness the formation once possessed compared with its
condition at the present day. To the northward, the Bluff
deposit gradually thins out as it approaches the great Drift
plaing in the watershed plateau, the northern limits of the
formation being defined by a line passing in an east-south-
east direction through the southern tier of townships in
Cherokee county.

General Observations. The county being entirely destitute
of rock-quarries, the material for building, where wood is
not employed, must be derived from the superficial deposits
or soil. It is believed that an abundance of earth suitable
for the manufacture of a good quality of brick exists in
all parts of the county. Wherever the Bluff Deposit has
been exposed on steep slopes to the action of the frosts
and its surface re-arranged by the washings of the rains,
dissolving away the calcareous matter which it originally
contained, it has been successfully employed in making
brick in many sections, and there is no apparent reason why
it may not be found to serve the same purpose here.

As an agricultural and grazing region it offers inducements
equal to those of any region of the same extent in the State.
The county already has the benefit of railroad communica-
tion within a few miles of its northern and southern limits,
affording good facilities for marketing its produce, besides
furnishing a cheap and constaut supply of lumber for build-
ing purposes.

16. AUDUBON COUNTY.

Audubon county comprises twelve townships, or about
four hundred and thirty-two square miles. The county is
bounded on the north by Carroll, on the east by Guthrie,
south by Cass county, and on the west by Shelby. The
county lies almost wholly upon the Missouri slope, the
eastern boundary conforming very nearly to the crest of
the great divide separating the Mississippi and Missouri
drainages.

General Surface Features. The East Nishnabotany, which
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takes its rise just within Carroll county, flows southerly
through the entire length of the county from north to south,
receiving several small affluents, among which Bluegrass
and David’s creeks are the largest. Troublesome creek,
also an affluent of the East Nishnabotany, waters the south-
east township; and in the western portion of the county the
Middle Nishnabotany and Indian creek have their sources.

The uplands between all the streams are beautiful tracts of
rolling prairie, forming well-defined divides, from which the
surface-waters are gathered by ¢ draws” or slight depressions,
and discharged into the ravines which descend to the valleys.
The valleys are bordered by gentle acclivities, except where
the drift gravel-bed crops out where the ascent is more abrupt
till reaching the superimposed Bluff Deposit. The bottoms
are gently sloping to the margins of the streams, which are
deeply eroded into the fine, black soil, and their beds often
paved with gravel. The valley of the East Nishnabotany is
one of the most beautiful sections in this district. The
stream meanders through a broad, fertile, bottom-plain which
is interspersed with groves and clumps of trees with here and
there thrifty farms, affording a landscape of quiet, rural
beauty, such as one does not often meet with in the sparsely
settled districts of western Iowa. At Exira, the stream is
between one hundred and fifty and two hundred feet below
the general level of the watershed. The divides to the west-
ward are considerably higher than the watershed, and the
highest elevations in the northern part of the county are not
far from fourteen hundred feet above tide-water.

From the summit of the great divide, in the north part of
the county, a magnificent panorama of the surrounding
country is commanded. To the eastward, overlooking the
country drained by the tributaries of the Des Moines, in the
foreground, the surface appears broken and the horizon is
bounded by a perfectly level plain. In the w. est, southwest,
and south, the eye scans the distant horizon which is bounded
by a lofty prairie barrier, enveloped in the uncertain shim-
mering haze of a summer’s day, and seeming like a vast rim
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bounding the farther outline of an immense shallow basin,
whose middle portion is occupied by gracefully, undulating
prairie swells, which rise and fall, one beyond another, until
distance blends the whole into lines of licht and shadow. An
ordinary prairie landscape is, indeed, monotonous enough ;
but when one commands a view, like the above, outstretched
over a radius of thirty or forty miles, embracing a region,
every acre of which is the finest arable land in the world, for
the first time we gain an intelligible impression and a just
appreciation of the grandeur of these undulating treeless
plains.

The county is estimated to possess about sixteen hundred
acres of forest land. Hamlin’s grove on the southern border,
and the grove near Exira, are the largest bodies of timber in
the county. Along the larger streams, narrow belts of young
timber occur at intervals, and upon the upland slopes, con-
siderable areas are occupied by stunted growths of burr and
red oaks. North of Exira, one of these ‘“ oak-openings” forms
a small forest, interspersed with a dense under-growth, con-
sisting of butternut, hazel, sumach, and the wild plum.

The soil is mainly composed of the light colored, fine
material of the Bluff formation. In the slopes, there are
places where more or less gravel is mixed with the soil, and
in the valleys is found a deep, black accumulation which is
principally composed of the washings from the adjacent
acclivities.

Geology. The Post-tertiary formations everywhere occupy
the surface, burying completely from view the older geolo-
gical formations. The Drift Deposits are but imperfectly,
known, appearing only here and there at infrequent
intervals from beneath the more recent bluff formation, and
natural sections are rarely met with. Near Exira, however,
in a ravine on David’s creek, a vertical exposure of from
thirty to forty feet of Drift may be seen, which is made up
of yellow, sandy clays with gravel and boulders. The
gravel bed is found outcropping at much higher elevations
in the upland slopes, where they produce an abrupt descent
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which always distinguishes the presence of these deposits
“wherever they gain the surface. Boulders of red quartzite
are met with quite commonly, though the gneissose and
granitic materials largely predominate upon these hill-side
exposures. The Drift, however, is so deeply covered by the
Bluff Deposit that it has little influence in modifying the soil
even in the valleys, which is almost wholly derived from the
Bluff Deposit and uniformly spread over the surface.

The Bluft’ Deposit attains in the divides, in the western
portion of the county, a thickness probably equal to that
of the underlying Drift, or not less than seventy-five feet.
It here presents, apparently, the same uniformity in com-
position as noticed elsewhere, even at the typical localities in
the Missouri valley—a light colored, very finely comminuted,
silicious deposit containing more or less calcareous matter,
often in the form of small concretions and a very small
percentage of clay ; and here, as elsewhere, it forms a very
excellent soil.

General Observations. Building Material is very scarce in
Audubon county ; there is no stone except the boulders in
the Drift, and they are not abundant. Brick has been man-
ufactured at Exira, the material being obtained from the soil
in the valleys. But whether it is owing to the mixture not
being properly proportioned, or whether it is due to the
unfitness of the earth for this purpose, the brick are poor in
quality, crumbling in pieces from exposure. The supply of
native lumber will soon be inadequate to meet the demand
caused by the rapid settlement of the county ; and then the
supply must be drawn from the great pine regions of the
north, which are made accessible by two main lines of rail-
way which pass within a short distance of both the north
and south boundaries of the county.

The soil could not be more fertile, except so rendered by
artificial mears. The cereals and corn are particularly well
adapted for the peculiar soil of this region, whose fineness
and depth affords a very thorough under drainage, and at
the same time it is retentive of sufficient moisture, even in
unusually dry seasons, to ensure at least a medium crop.
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17. CRAWFORD COUNTY.

Crawford county is bounded on the north by Sac and Ida
counties, on the east by Carroll, west by Monona, and south
by Shelby county It comprises sixteen townships, having
an area of five hundred and seventy-six square miles.

General Surface Features. The Boyer river crosses the
county diagonally from the northeast to the southwest corner,
and, with its affluents, drains the more considerable portion
of the county. The East Boyer has its sources in the great
divide on the western borders of Carroll county, and flowing
westerly, it joins the main stream near the centre of the
county at Denison. The head waters of the West Nish-
nabotany rise in the southeastern part of the county ; and
the northwestern townships are drained by the numerous
ravines and rivulets tributary to the Soldier river. There is
hardly a county in the State that possesses as complete a
system of natural drainage as Crawford. The smaller
tributaries are numerous and reach their ravine-like arms
in every direction ; their beds are muddy or gravelly, and
bordered by steep earth and grass-covered banks. The
larger streams always furnish an abundant supply of
water, and even in the dryest seasons the smaller water-
courses possess little pools in their beds at frequent intervals.

The surface configuration is rolling. The divides separa-
ting the streams are bulky masses of earth which sweep
down into the valleys over beautiful declivities, from the
undulating plain above. TIn the region of the head waters of
the streams, the surface is more rolling than it is in the main
divide ridges; but there is no section which can be strictly
called broken. The soil is almést uniformly the light-
colored, fine silicions material of Bluff origin, but in the
valleys, in places, it is largely intermixed with sand, and
sometimes gravelly plots are met with, though rarely. In the
smaller and narrower valleys and ravines often extensive
accumulations of black soil have been made, which is
probably due to the washings of the rains upon the adjacent
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slopes which bear evident signs of having been denuded in
this manner of their coating of dark humus.

Forest growths are very meagre, and almost wholly
restricted to the banks of the larger streams and adjacent
valley-slopes. There can be hardly a more pleasing rural
landscape than that afforded by the valleys of the Boyer and
East Boyer, as viewed from the upland ridges at most any
point along their course, overlooking miles of their park-like
courses, embellished with clumps of trees, and farms and
villages, which are rapidly springing into existence through-
out this beautiful region. On Judge Bassett‘s estate near
Denison, a fine grove of thrifty young trees forms a very
attractive feature in that vicinity. A few miles above
Denison, on the Boyer, another small grove is rapidly
spreading over the prairie slopes. At and below Denison,
the stream is lined with a narrow belt of trees. In other
sections of the county considerable tracts are grown up with
a dense low growth of burr-oaks. But in the sparsely settled
prairies the fires have unobstructed sway in early spring and
fall, destroying the majority of the young shoots of each
season’s growth, or so retarding their naturally vigorous
growth, as to produce a scraggy, dwarfed trunk, which bears
but mocking semblance to the noble tree whose early exist-
ence was less harassed.

Geology. In the bottoms, and low in the sides of the
valleys, the gravel deposit of the Drift is sometimes exposed;
in the latter situations forming low rounded outliers, and
obscurely defined benches protruding from beneath the heavy
deposit of Bluff material. Where these deposits come in
contact the gravel is not unfrequently cemented by lime and
ferruginous infiltrations, forming concrete of considerable
extent and durability. This stratum being more or less
impervious, gives origin to numerous springs which issue
from the hill-sides in many localities, and which, in this
instance, are not due to the presence of the impervious glacial
clays, as is almost always the case in the Drift region in the

eastern) 3)01’tion of the State. An exposure of the concrete
22A
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bed pccurs in the banks of a rivulet on Judge Bassett’s farm,
and also half a mile east of Denison, on a small branch of
the East Boyer, where the bed has the appearance of a highly
ferruginous quartzose sandstone; it, however, contains but a
small percentage of iron, barely enough to cement the grains
of coarse sand sufficiently not to crumble in pieces. Judge
Bassett has quarried a considerable quantity of the concrete
on his place for underpinnings, for which purpose, in fault of
a better material, it answers very well.

The Bluff Formation constitutes the bulk of the super-
ficial deposits in the county, and presents the same
peculiarities of composition which characterize the formation
at its typical exposures in the counties on the Missouri river.
However, in some of its surface aspects it offers a marked
contrast; but it is a contrast which becomes less and less
conspicuous as we approach the grand facades bordering the
Missouri bottoms throughout their entire extent in Towa, and
into which the gentle slopes of the inland region so gradually
merge, that we are not taken by surprise on gaining our first
view of the picturesque ranges of bluffs, which constitute so
peculiar and interesting a feature in the scenery of the
Missouri valley.

Of the existence of rocks of older age than the Post-
tertiary in the county, we have no positive evidence. The
Cretaceous, doubtless, once occurred in this region; but as
yet its presence is indicated only by the fragments found
associated with the erratic material of the Drift in various
parts of the county. On Paradise creek and at Denison, the
Drift Deposit has afforded fragments of gray silicious lime-
stone containing ichthyic remains characteristic of well known
horizons in the Lower Cretaceous in the vicinity of Sioux
city, in Woodbury county. Of the coal-measure geries, even
if it does underlie the area embraced in Crawford county, the
productive or Lower formation probably lies at so great a
depth beneath the surface as to render its development for the
present impracticable.

General Observations. In the foregoing description of the
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geological features of Crawford county, it has been shown
that no extensive formations of rock suitable for building
purposes occur in the county. At Denison, a fair quality of
brick is made from the soil found in the valley. Also, the
modified Drift gravel affords an abundant supply of material
for the manufacture of pressed concrete blocks, which has
been undertaken by a company at Denison, but with what
success attending the enterprise we are not informed. Ttis
not improbable, however, that the conerete blocks will even-
tually become an important building material when experience
shall have perfected the process of manufacture, which, at
present seems unsatisfactory.

In a region where fuel is so scarce, too great provision for
the future necessities can not be made. The early planting of
groves will obviate great needless expense, besides proving a
gsource of profit to those who turn some attention towards
anticipating the future demand for fuel by a rapidly increasing
population. The county is well adapted for both grain and
stock raising. Its prairies afford a fine range for herds, and
the streams an unfailing supply of water. The Chicago and
Northwestern Railway passes down the valley of the East
Boyer, and with the completion of this line, this fine section
dates the commencement of its well deserved though long
deferred progress and prosperity.

18. SHELBY COUNTY.

Shelby county lies immediately west of Audubon, and is
bounded north by Crawford, on the west by Harrison, and
south by Cass and Pottawattamie counties. It comprises
sixteen townships, or an area of five hundred and seventy-
six square miles.

General Surface Features. The county is watered by the
West Nishnabotany, which flows south through the middle
of the county, Whitted’s creek, Middle Nishnabotany, and
Indian creek, all tributaries -of the former stream on its
eastern bank. The west half of the county is principally



172 COUNTY AND REGIONAL GEOLOGY.

drained by Silver, Mosquito, Pigeon, and Picayune creeks,
affluents of the Boyer and Missouri rivers.

The streams are deeply excavated into the superficial
deposits from one hundred to two hundred feet, and are
bordered by rather stéep slopes, with gently sloping bottom-
lands varying from a quarter of a mile to one mile and '
upwards in breadth. The country lying between the water-
courses is rolling, and where the streams closely approach
one another the surface is often broken and intersected by
deep, short ravines. The divides are evenly rounded on their
summits and channeled in every direction by ¢ draws” or
slight drainage depressions. The streams have cut their
channels ten to fifteen feet into the black soil which fills
the valleys, and are bordered by steep, muddy banks; their
beds are composed of quick-sand and mud, and rarely of
gravel.

The valley of the West Nishnabotany is a beautiful tract of
sloping bottom-land of an average width of about a mile, and
the banks of the stream are lined by narrow belts or clumps
of trees. The valley of Mosquito creek affords another fine
tract of bottom-land, but there is scarcely a shrub to be seen
along its banks throughout its course in this county. Silver
creek rises in the high undulating divide between the former
stream and the West Nishnabotany, its valley is less deeply
excavated, and its bottom-lands are wet and miry. The
Middle Nishnabotany and Whitted’s creek both possess fine
bottom slopes, bordered by gentle acclivities. Little clusters
of trees line their banks at intervals; and at Cuppy’s grove,
on the former stream, a fine body of young forests occurs.
On Mill creek, in the northwest corner of the county, there is
quite an extensive forest, containing about eighteen hundred
acres. It is known as Galland’s grove, and is the largest
body of timber in this region. The following is a list of the
common trees found in Galland’s grove, which embraces the
varieties commonly found throughout this section of the
State: burr and red oak, red and common elm, butternut,
hackberry, black walnut, ash, linden, iron-wood, coffee-bean;
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also sumach, thorn apple, blackberry, gooseberry, grape, and
other undergrowth. It is a noticeable fact that cottonwood
trees are rarely met with in the native groves of the inland
districts on the Missouri slope, nor do these trees thrive any
better when transplanted than any of the other varieties of
forest trees. The encroachment of the timber upon the prairie
under favorable circumstances—i. e., when the prairie-fires
are checked—is almost incredible. "Where we observe to-day
a little outlying thicket of hazel and sumach—the pioneers of
forest increase—a few years hence, unless arrested by the
devastating fires, a grove of thrifty saplings will have sprung
up, and this process is repeated indefinitely, until the beau-
tiful prairie slopes are converted into forest clad ridges
and sombre thicket dells, as wild and uninviting to the
agriculturist as may anywhere be found. Indeed, the
apparent scarcity of forests in these;counties will be no real
drawback to their rapid settlement—not near as great as
would be the case were our prairies clothed with a heavy
growth of trees—mow that building lumber is as easily
obtained as it is in any of the counties of central Towa. And
more than all, these vast meadows of unbounded fertility
hold out inducements to the settler such as no forest clad
region can boast.

Geology. The Post-tertiary deposits deeply cover all parts
of the county, completely hiding from view the older geolo-
gical formations which underlie the region. As in the
counties previously described, these deposits include the
Drift and the Bluff. The modified or gravel deposits of the
Drift is well displayed on Mill creek, in Galland’s grove,
where it is seen resting upon the blue, glacial clays, and is
overlaid by the peculiar yellow Bluff Deposit. The sands
and gravel are arranged in the most perfect order, presenting
all varieties of stratification commonly observed in connection
with these deposits, and rest upon a thin stratum of hard-pan,
such as is not unfrequently found in connection with the blue
clays, although it by no means forms a persistent feature in
the stratigraphy of these deposits. The gravel and boulder
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deposits crop out in the sides of the valleys at a much less
elevation than in Audubon county; at the same time, the
Bluff Deposit is proportionally thicker than it is in the
counties to the eastward. In the northern portion of the
county, the Drift Deposits appear in one of the highest
ridges in this region, recalling the great drift ridges of Sac
and the counties along the eastern margin of the watershed
where the accumulations of coarse materials form the most
prominent feature in the surface geology. The outlier on the
northern border of Shelby county, is merely a remnant of a
formation that once occupied the entire region now embraced
in the Missouri basin. The ridge is covered with boulders of
granite, gneiss, quartzite and limestone, presenting a striking
contrast to the smooth, stoneless surfaces of the adjacent
ridges composed of the fine material of the Bluff Deposit.

The county is doubtless underlaid by the Upper coal-
measures. These strata are known to exist in the counties to
the south and west, but here the formation is concealed
beneath an aggregate thickness of not less than two hundred
and fifty feet of Post-tertiary deposits. The soft sandstone
and clays of the Lower Cretaceous formations were doubtless
extensively denuded during the glacial epoch, leaving only
isolated patches here and there to mark, as it were, their
former extent; but as yet not a vestige of these beds has
been discovered within the limits of Shelby county.

General Observations. Building material is exceedingly
scarce in the county. The surface deposit in the valleys may
be found to answer for the manufacture of brick, but as yet
no practical experiments of the kind have come to our know.
ledge; however, we cannot doubt but that the same success
will be attained here as elsewhere in this section The soil
everywhere is of the most productive nature. The steeper
slopes in the more broken sections will always afford
excellent pasturage, or they may be easily clothed with
groves. In the valleys the finest meadow lands are found,
and the uplands afford beautiful locations for farms.
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19. HARRISON COUNTY.

This county is situated on the western border of the State,
the Missouri river forming its western boundary; it is
bounded on the south by Pottawattamie county, on the east
by Shelby, and north by Monona and Crawford counties.

General Surface Features. The county presents a greater
variety of surface configuration than is found in the inland
counties to the eastward. Many of the streams which water
the counties previously described, gain the Missouri bottoms
within the limits of Harrison county; and where they issue
from the uplands upon the bottoms, the bluffs assume those
picturesque and striking shapes which are so peculiar to
the region immediately embraced in the Missouri valley.
The county is watered by several small streams which flow
diagonally across its territory from the northeast to the
southwest. The principal water-courses are the Boyer,
‘Willow creek, Soldier river, and the Little Sioux; and in
the southeastern townships, Pigeon and Mosquito creeks.
The valley of the Boyer is a fine tract of alluvial land
from half a mile to one and a half miles wide, bounded
upon either hand by the gentle descents of the upland, until
ts near approach to the Missouri bottoms, where the valley-
sides are much more abrupt. The Little Sioux flows mainly
through the bottoms on reaching Harrison county. Its
debouche from the uplands is marked by the most singular
groups of bluffs, whose sides are deeply channeled by
short ravines, and atop weathered into conical peaks flanked
by sharp crested, spur-like ridges.

Soldier river waters one of the most, beautiful valleys on
the Missouri slope. The north or west side of the valley is
bounded by ranges of bluffs unrivaled in the variety of pictu-
resque scenery by any similar region in the Missouri valley.
The bottom lands are level, or but gently sloping from the
foot of the bluffs towards the river, and what is more striking
and interesting, well-defined terraces occupy a large part of
the valley which afford beautiful rural situations. The



176 COUNTY AND REGIONAL GEOLOGY.

valleys of Pigeon and Mosquito creeks, are margined by
high, sloping uplands, and their beds occupied by tracts of
rich alluvial lands. The Missouri bottoms vary from four to
eight miles in width in this county, forming a nearly level
plain which is traversed by low benches or undulations more
or less parallel to the Missouri river and to one another.
The intermediate low grounds afford mnatural drainage
channels, which receive and confine within bounds much
of the surplus waters of the Missouri in the season of the
freshets, which would otherwise flood extensive tracts of the
best lands for agricultural purposes in the West.

The Soil in the uplands consists of the light colored
deposits of the Bluff formation, which differs from that of
the bottoms mainly in the more finely comminuted condition
of the silicious materials of which it is largely, composed and
in having a less amount of vegetable matter or humus.
Indeed, the soil of the Missouri bottoms differs from that of
the uplands only in degree, as both were and are derived
from the same sources; but in the later deposits of the
Missouri river the finer particles are mostly swept along with
the ceaseless flood, and only the coarser materials are
deposited during the periodic overflows along this middle
course of the great river.

Forest growths are limited in extent, and their distribution
is governed by circumstances favorable to their preservation.
Hence, in the deep shaded ravines that crowd up into the
bluffs bordering the Missouri bottoms, and along the smaller
streams which are confined to narrow valleys, hemmed in by
steep bluff ascents, the most vigorous growths of native forests
are found. But, as observation has repeatedly shown in all
parts of the State, forests are not necessarily restricted to the
valleys and moister localities, and thrive as well in one loca-
tion as another, when the devastations of the prairie fires are
checked for a period of sufficient duration to allow the young
trees a few years of unretarded growth. Whole tracts of
hundreds of acres of prairie have been overgrown with thrifty
groves within the brief memory of the early settlements,
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which does not extend back a score of years. These tracts of
young forests add a pleasing feature to the landscape in these
beautiful undulating upland divides, as that near Magnolia, .
and Harris’ grove in the divide between the Boyer and
Pigeon creek, south of Logan, attests. In the valleys of the
Soldier and Little Sioux small groves are met with, and a
belt of fine forests lines the banks of the Missouri throughout
its course in the county.

Geology. In Harrison county the Post-tertiary deposits
exhibit their usual characteristics, and besides these we have
limited exposures of the Upper coal-measures which appear
in the valley of the Boyer.

Post-tertiary. The Drift and Bluff Deposits are both well
developed in Harrison county, where the latter attains near
its maximum thickness.

The Drift Deposits comprise both the glacial clays and the
modified or gravel-beds. We seldom find both these beds
well developed at a single locality, and more often they are
so attenuated by denudation as to present a striking contrast
to the condition they present in central Towa. The Glacial
Deposit is seldom exposed more than a few feet, and it is
doubtless comparatively thin throughout this section. It fills
depressions in the subjacent formations, and in these situa-
tions it has been subjected to less extensive erosion than it
has on the higher points, where indeed this deposit has been
generally entirely swept away. In such places the gravel
bed attains, or retains, a thickness of several feet—perhaps
at some localities as great as thirty feet. At other places,
however, even the gravel deposit has been wholly denuded,
or is represented by a thin sheet of pebbles and sand which
have been converted into a quite durable concrete. Springs
are of frequent occurrence along the outcrop of the gravel
and blue-clay deposits, and they always give a reliable
horizon, showing the inequalities of the denuded drift
swmifaces, and also the line of demarcation between these
deposits and the Bluff formation.

In the south side of the Boyer on the southern borders of
23A
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the county, the Drift Deposits rise in the base of the bluffs to
an elevation of thirty feet above the bottoms. In the oppo-
site side of the valley, in the vicinity of Missouri Valley, the
Bluff Deposit constitutes the entire height of the bluffs, which
are here two hundred feet in height above the Missouri
bottoms. In the valley of the Little Sioux, in the northern
portion of the county, similar exposures of the Drift are met
with. Three miles above the village of Little Sioux, on Mr.
Thomas Neeley’s place, a tufaceous deposit is in process of
formation at the base of the Bluff Deposit. It is underlaid
by a gravel-bed which in places has been incorporated in the
calcareous formation, forming a very durable concrete layer.
The tufaceous deposit contains the shells of Helices, (Heliz
,) and beautifully preserved impressions of the leaves
of trees growing upon the spot. The rock is very porous and
from two to three feet thick; it seems to be a local formation
of limited extent, and probably does not extend far into the
hill, or more than a very few feet. A very similar deposit
has been found or Mr. David Vanderhoof’s farm in Harris
Grove, and the concrete bed is exposed at numerous localities
in various parts of the county, as in the base of the bluffs on
Smith’s lake, and elsewhere. '

The Bluff Formation, as has been stated already,
constitutes the bulk of the rounded divides between the
streams, and in the bluffs on the Missouri bottoms it reaches
a thickness upwards of two hundred and fifty feet. Owing to
the tenaceous nature of the Bluff material, landslides are of
very infrequent occurrence; and it is also due to the same
condition of this deposit, that by the slow process of weath-
ering by the action of atmospheric agencies, and the little
rills which issue from the gravel-bed, these bluffs assume the
varied and picturesque outlines which form so striking a
peculiarity in the topography of the upland border region in
this part of the State.

The most interesting subject for study presented by this
formation in this county, are the terraces which occupy the
valley of Soldier river, in township 81, range 44. The lower
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benches are from thirty to fifty feet in height, and are found
on both sides of the stream, which has at different times
eroded new channels—the old ones existing to-day as * old
river beds,” or low meadow lands of surpassing fertility.
The main terraces are confined to the west side of the valley,
and, compared with similar phenomena observed elsewhere
in the State, they are truly colossal. The benches of differ-
ent elevations are often separated from one another by deep,
narrow ravines, or shallow depressions, which are more or
less exaggerated expressions of idenfical features associated
with these formations in the Drift region from which they
differ, only in the nature of the material of which they are
composed, and possibly in the date of their formation.
They have a very gentle, regular inclination from the
uplands toward their valley faces which are abruptly termi-
nited by the steep descents peculiar to terrace formations.
The intermediate terraces are quite regular in conformation
and vary from sixty to one hundred feet in height. The
high terraces are somewhat less distinctly defined, though,
varied from the opposite side of the valley, they present
no appreciable difference from the lower benches, their upper
surface forming gently undulating or nearly level plaing
above one hundred and fifty feet above the bottoms, offering
a prominent contrast to the very irregularly weathered surface
in the upland.heights between the Soldier and the Little
Sioux, which lift their furrowed crests to the height of two
hundred to three hundred feet above the valley.
Coal-Measures. The Upper coal formation presents limited
outcrops of limestone at two or three localities on the Boyer
river, which are the most northerly exposures of this forma-
tion in the State. It is a fact of some interest that the
appearance of Upper coal strata in Harrison county, occurs
on a line but little north of due west of the northern border
outcrop of the formation in Guthrie and Dallas counties ;
and also, in the intermediate ground in Cass and Adair
counties, horizons have been described by Dr. White, which
bear a remarkably close resemblance to the beds seen on the
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Boyer in this county. From these meagre data, it would
appear that the northern border trend of the upper coal-
formation, on leaving the Raccoon region at its northeastern
angle, pursues a west-northwest direction to the Missouri
river, where it disappears beneath the vast accumulation of
strata pertaining to the Mesozoic and Cenozoic in the great
plaing of the State of Nebraska.

Fie. 86. In the vicinity of Logan, a limited
outcrop of Upper coal strata appears
in the banks of the Boyer, just below
Reel’s mills, in section 19, township
79, range 42, presenting the following

Section mear Logan, Boyer river.

No. 7. Irregular bedded, shaly, impure limestone, with clay partings, exposed
8 feet. Contains Spirifer cameratus, Spiriferina Kentuckensis, Athyris subtilita,
Productus longispinus, P. costatus, Hemipronites crassus (), Crinoid stems, etc.

No. 6. Yellow, marly clay, 1 foot.
Black, carbonaceous shales 114 to 2 feet.
Yellow clay, irregular, 6 to 12 inches.
Blue, impure limestone, 1 foot.
Yellow, indurated clay, 2 feet. With Athyris subtilita, Spirifer came

Z
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ratus, cte.
" No. 1. Compact, light gray limestone, with clay partings, exposed to bed of
river, 3 to 4 feet.

The same limestone outcrops in the valley-side half a mile
below Logan, on Mr. S. L. Case’s farm, in section 24, town-
ship 7., range 43. The lower bed of limestone furnishes a
tolerable building stone, for which purpose it was quarried
and used in the court-house in Council Bluffs. Mr. 8. I. King
informs me that a bed of excellent limestone, upwards of
twelve feet in thickness, has been opened in the left bank of
the Boyer, at Davis and Donmyer’s mill, two miles below
Woodbine, or six miles above Logan, where considerable
quantities of building stone have been quarried.  This
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exposure was not known at the time this section was visited,
therefore, we can give no details regarding.the character of
the outcrop,-although it belongs, without doubt, to the same
set of strata as those above described. At any of these
exposures, the rock may be easily obtained by throwing off a
few feet of the superincumbent earth and debris, and, con-
sidering the scarcity of building stone in the county, these
quarries will eventually become important resources for
building material.

Hconomical Geology. Although the Upper coal-measures
outerop in the county, no deposits of mineral fuel are here
found associated with these strata, which, it is believed,
belong to horizons high in that formation. It is not impro-
bable, however, that coal may be found by boring, but the
productive measures, doubtless, lie at a depth of several
hundred feet, and owing to the accessibility of the coal-field
on the Des Moines river, it will be long before the demand
for coal in this section will justify the risks and great expen-
ditures incidental to shaft mining.

Building stone may be abundantly obtained at the quarries
near Logan, and below Woodbine ; and the soil will afford
unlimited supplies of material suitable for the manufacture
of brick. The growth of artificial groves should early engage
the earnest attention of the people, for every farmer who
possesses an eighty acre lot can grow his own fuel as he does
his grain. For fencing and building purposes, a much better
quality of lumber can now be obtained from the pine region
of the Upper Mississippi than that afforded by the native
forests. Should hedging prove successful, it will soon
supersede all other kinds of fencing. The Chicago and
Northwestern Railway passes down the valley of the Boyer,
and the Sioux City and Pacific Railroad traverses the bottoms
in the western portion of the county, connecting with the
former road at Missouri Valley, and forming a link in the
great railway line through the valley of the Missouri, con-
necting at St. Louis with the Upper Missouri country. As an
agricultural region, the county is one of the best in the State;
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the bottoms afford excellent meadow and arable lands, and
the uplands afford the finest situations for farms and exten-
sive grazing ranges, and the streams furnish an abundant
supply of water for stock. .

20. MONONA COUNTY

Monona county contains an area of about six hundred and
twenty-five square miles. It lies north of Harrison county,
which forms its southern boundary, and is bounded on the
east by Crawford county, north by Woodbury county, and
on the west by the Missouri river.

General Surface Features. About one-third of the area
of the county is embraced in the Missouri bottoms, which
gradually widen from seven miles on the south border, to
seventeen miles in width on the northern line of the county.
The ascent of the bottoms northward, is somewhat more
rapid than that of the Missouri river, hence there is but a
comparatively small portion of the bottom-lands subject to
overflow from the Missouri in high water. In the midst of
this great alluvial plain, the thriving village of Onawa is
situated, surrounded by a region of unsurpassed agricultural
Tesources.

The eastern portion of the county presents a rolling prairie
surface, which is well watered on Willow creek, Soldier and
Maple rivers, and their numerous affluents. The Little Sioux
flows southerly through the forty-fourth range of townships,
receiving the West Fork on its right bank about the middle
of the county. The uplands abruptly abut on the bottoms
along the east side of the Little Sioux, and present the varied
and peculiar features of erosion characteristic of bluffs along
the Missouri bottoms throughout their extent in the State.
The bluff heights are quite uniform in elevation, the highest
points reaching not less than three hundred feet above the
Missouri river, or about thirteen hundred feet above the
gea. In the immediate vicinity of the bluffs, the uplands are
very broken, and cut up with narrow, wooded ravines. The
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valleys of the smaller streams a few miles inland, are bor-
dered by more gentle acclivities which ascend from the
sloping bottoms to the rolling divides intervening between
the watercourses. The valleys of the Maple and Soldier
rivers for the greater part of their course in this county, are
occupied by fine tracts of bottom-land from half a mile to
one and a half miles in width. The streams themselves are
margined by grassy banks, and their beds are miry or filled
with quicksands.

The soil in the valleys is usually a deep, black mould or a
fine loam. In the Missouri bottoms, low sand-ridges are not
unfrequently met with, which are the remains of bars formed
by the currents when the river occupied the whole width of
the valley from bluff to bluff on either side. It would seem
that the bottom deposits are quite variable in the character
of their component materials, though the fine dark loam con-
stitutes by far the greater proportion of surface soil. This is
underlaid by sand and gravel, and sometimes a deposit of
silt and clay containing large quantities of partially decayed
wood and other vegetable matter. These deposits are fre-
quently met with in sinking wells in various parts of the
bottoms. The uplands are covered by a coating of brown,
humus-charged soil, with a subsoil of the light colored Bluff
Deposit.

The principal bodies of timber are found upon the bottoms
bordering the banks of the Missouri, There are other more
or'less considerable groves on the Little Sioux, and many of
the deep ravines, upon its left bank, are densely shaded with
luxuriant forest growths. Wells of excellent water are easily
obtained in the bottoms at depths varying from ten to twenty
feet ; but the prevailing custom of using cottonwood plank for
curbing, renders the water exceedingly unpalatable. In the
uplands, wells are often dug to the depth of one hundred feet,
through the Bluff Deposit, the tenaceous nature of which
ohviates the necessity of employing curbing of any descrip-
tion. Springs issue from the base of the bluffs at frequent
intervals, and the streams afford a plentiful supply of water
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for stock. They also, might afford water power were it less
difficult to improve these sites, owing to the yielding nature
of the banks which are easily washed away by the floods
wherever the waters are dammed. The bottoms furnish
several varieties of native grasses which make a "good
quality of hay; the uplands afford a boundless grazing
range.

Geology. The geological formations thus far known to
occur at the surface in Monona county belong to the Post-
tertiary period. The lower formations of the Cretaceous
period doubtless once overspread the entire area of Monona
and the adjacent counties, and may indeed still underlie a
considerable portion of its area. At Blackburn’s, below the
mouth of -the west fork of the Little Sioux, in digging a
well, red clays were found at a depth of about forty-five
feet below the bottoms, which possibly belong to this series
of rocks. Of the earlier geological deposits not a vestige
is exposed to view within the limits of the couuty.

Post-tertiary. The Drift Deposits outcrop at irregular
elevations in the base of the bluffs on the Missouri bottoms,
gradually increasing in elevation from the south to the
northward where they reach the height of one hundred feet
above the Missouri. These deposits here include the blue
clay and ‘ hard-pan” layers, and above these the yellow,
sandy clays and gravel-bed of modified drift material. In
places, the lower or unmodified clays rise high above the
bottom level, giving origin to springs which issue from the
bluffs at numerous places. The line of the outcrop is very
irregular, and the overlying gravel-beds seem to be quite
as variable in thickness—in places attaining a thickness of
not less than fifty feet, and at other localities wanting
altogether. These deposits are found at a level seventy-five
feet above the bottoms in the bluffs just below the mouth
of Maple river. At Mr. Baggs’, in section 27, township 83,
range 44, a spring of large volume issues from the base of
the gravel-bed. In the bluffs, east of Woodward’s, on the
line between townships 85, of ranges 44 and 45, the same
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deposits are seen at an elevation of about one hundred feet
above the valley, forming rounded benches whose surfaces
are strewn with boulders and gravel, and upon which a thick-
ness of one hundred or more feet of Bluff Deposit rests.
Here, as elsewhere, the presence of the glacial clays is
indicated by the prevalence of springs which gain the surface
at the line of demarcation between these beds and the gravel
deposit. Higher up the valley, in the neighborhood of the
confluence of the West Fork and Little Sioux, the Drift is
found as high up the valley-sides as one hundred and twenty-
five to one hundred and fifty feet above the stream. The
inequalities in the surface of these deposits are attributable
to the effects of extensive erosion subsequent to their deposi-
tion and which has greatly reduced their original extent and
entirely remodeled their original surface conformation.

The BlufF Formation still constitutes an important member
of the superficial deposits in the uplands. DBut it is very
evident that this deposit is gradually diminishing in thick-
ness as we ascend the valley of the Missouri, and though it is
found to be between two and three hundred feet in Monona
county, it does not here present the same uniformity in thick-
ness observed in the counties to the southward. Indeed, in
this region its greatest thickness is found in deep depressions
produced by the erosion of the underlying Drift Deposits,
which are gradually rising from the bottom-level, causing a
corresponding diminution in the general thickness of the
Bluff Deposit to the northward. Eight or ten miles below
Onawa, in the neighborhood of Mr. Nickerson’s, township
892, range 44, this deposit composes nearly the entire height
of the bluffs, which are from two hundred and seventy-five to
three hundred feet in height. TIn the vicinity of the mouth of
Maple river, four miles above Nickerson’s, it is not above
one hundred and sixty feet in thickness; and above the
confluence of the West fork of Little Sioux, it is still further
diminished.

Near the confluence of Maple river, a beautiful terrace

plateau, composed of Bluff material, occupies the valley
24A



186 COUNTY AND REGIONAL GEOLOGY.

between the former stream and Beaver creek, upon which the
village of Bellevue is situated. This bench is about one
hundred and fifteen feet above the level of Maple river, and is
similar in all respects to the terrace formations observed in
the valley of the Soldier, in Harrison county. In digging
wells, the blue clays of the Drift were encountered at a depth
of one hundred to one hundred and ten feet below the surface
of the terrace plateau. In both sides of the valley these
deposits rise to the height of seventy-five and one hundred
and twenty-five feet above the present level of the streams,
which shows beyond a doubt that they were extensively
denuded prior to the deposition of the Bluff Deposit, and it
seems highly probable that the valley of the Maple had an
existence prior to the sub-epoch of the Bluff formation.

General Observations. No quarries of stone are found in
the county. The materials for making brick are abundantly
supplied by the surface deposits. The local supply of fuel
is entirely dependent on the forests, which, though of
comparatively limited extent, are amply adequate for the
present wants. DBut, inview of the rapid settlement this
region invites, unless the future demand is anticipated by
the growing of artificial groves, the lack of a convenient and
cheap fuel will eventually be more apparent than it is at the
present time.

21. WOODBURY COUNTY.

This county is situated on the western border of the State,
and embraces a superficial area of about eight hundred and
sixty square miles. Itis bounded on the south by Monona,
on the east by Ida, and on the north by Plymouth and
Cherokee counties; its western boundary is formed by the
Missouri river with the exception of a few miles bordering
upon the Big Sioux river, in the northwestern portion of the
county. gL

General Surface Features—Drainage. The eastern and
middle portion of the county is watered by the Little Sioux
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river and the West Fork. Maple river traverses the south-
eastern township, where it is bordered by fine bottom-
lands and gentle acclivities. The western portion is watered
by several small streams, which, on reaching the Missouri
bottoms, lose their chanmnels in the low marshy tract that
skirts the foot of the bluffs and drains into the West Fork
of the Little Sioux. Floyd river and Perry creek, in the
western portion of the county gain the Missouri in the
immediate vicinity of Sioux City.

Surface Configuration. This county, like all the Missouri
_ river counties, may be divided into two sections, each possess-
ing its own physical peculiarities as presented by broad bot-
tom plain and undulating uplands. The Missouri bottoms
have a width of fifteen miles on the southern border of the
county, embracing an area of one hundred and fifty square
miles. Very little of this extensive tract is occupied by
marshes and but a comparatively small portion is subject to
inundation during the periodic freshets of the Missouri river.
Long, narrow lakelets, encircled in many instances by groves
of cotton woed and elm are not unfrequent and are generally
supposed to be abandoned channels of the Missouri.

The uplands rise less abruptly from the bottoms than is
the case in the counties to the southward, though the higher
- points still reach an elevation above the river of from two
hundred to three hundred feet. To the northward, the bluffy
gradually approach the Missouri, narrowing the intervening
bottoms, and finally abut immediately upon the river at
Floyd’s bluff, three miles below Sioux City. Above this
point, at the mouth of Floyd river, the bottoms again crowd
inland forming the beautiful bluff environed plain upon which
Sioux City is located. The rand of bluffs along the Missouri
"bottoms throughout the county form a striking feature in the
scenery; prominent headlands and sharp crested ridges
surmounted by conical heights push boldly out into the
valley at more or less regular intervals of a few miles,
between which points the bluffs retreat inland giving rise to

amphitheatres, of which that between Woodbury and
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Thompson’s bluff is an interesting and -characteristic
example. In the interior the uplands are rolling, descending
into the valleys by graceful declivities. The watercourses are
confined within steep, grassy banks, and are margined by
sloping bottom-lands half a mile to two miles in width.

The Soil of the uplands consists of a mixture of vegetable
matter with the fine, yellow, silicious material of the Bluff
formation, and possesses very great fertility. In the Missouri
bottoms, a black loam several feet in thickness occurs, and in
the inland valleys a similar soil is found though with a
less proportion of sand in its composition. The uplands are
well adapted for the growing of the cereals, and the valleys
afford the best of maize and meadow lands.

Fores's. Bordering the Missouri river there are consid-
erable tracts of woodland, comprising a variety of trees
among which the cottonwood, elm, and black-walnut pre-
dominate. In the neighborhood of Smithland, groves of
native forests overspread the upland declivities, and form
a narrow belt of woods on the banks of the Little Sioux
for several miles above. In the northwest portion of the
county other considerable bodies of timber occur along the
Big Sioux and in the-ravines that here intersect the uplands.
The inland region, however, is a vast rolling prairie clothed
with a luxuriant growth of herbage, but possessing scarcely
a solitary shrub.

Springs are not of uncommon occurrence, and wells of
excellent water may be obtained at almost any locality.
The streams afford an unfailing supply of water, and the
Little Sioux and Floyd rivers furnish valuable water-power
which is already being improved at two or three localities.

Geology. 'The geological formations found within the
boundaries of Woodbury county include those of the Post-
tertiary .and Cretaceous periods. The latter outcrops over
a limited area in the northwest portion of the county, and
it doubtless underlies its whole area.

Post-tertiary. The Drift Formation is readily recognized
wherever it is found by the nature of the materials of
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which it is composed. In the valley-slopes the gravel
and boulder deposits appear at numerous localities and
at various elevations, exhibiting all the inequalities of
outcrop due to the extensive denudation these deposits were
subjected to prior to the deposition of the superimposed
Bluff formation. However, in this region, the Drift has
not suffered near the same extent of denudation which
swept away nearly its entire bulk in the region to the south-
ward: and it is only upon the elevated outliers of the
Cretaceous strata that these deposits are found attenuated to
the appearance they more commonly present lower down the
valley of the Missouri. At these localities the Drift is often
represented by a thin bed of stratified gravel, as may be
seen resting upon the unevenly eroded Cretaceous strata in
Sergeant’s bluffs at Woodbury and in the bluffs above Sioux
City on the Missouri. At the latter locality, however, a
thickness of about six feet of unmodified or glacial clay
occurs, which in turn is overlaid by one hundred and thirty
feet of Bluff Deposit. In the bluffs at the mouth of the Big
Sioux the Glacial Deposits, consisting of blue clays charged
with boulders and gravel, are exposed above the river level
forty feet. These deposits occupy a depression of erosion in
the Cretaceous strata, and, therefore, have not been denuded
to the same extent as at the former and more exposed
locality. There is no gravel deposit intervening between
the glacial clays and the Bluff Deposit, which latter rises
in almost precipitous heights one hundred and eighty-five
feet above the Missouri.

The Bluff formation is found in all the higher elevations
and in the divides between the watercourses throughout the
county. Near Mr. Louis St. Onge’s, seven miles above Sioux
City, some of the higher eminences are three hundred feet
above the Missouri river and about fifteen hundred feet above
the sea. The view commanded from these ridges is’ particu-
larly grand and impressive. To the northwest the great bot-
tom-plain between the Big Sioux and the Missouri is lost in
the distant horizon. And, to the southeastward, overlooking
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in the foreground the Bluff and Drift capped Cretaceous
escarpments, the eye catches, at a glance, a magnificent view
of the Missouri valley as far down as the Little Sioux, in
Monona county, bounded on the one hand by the treeless
bluffs of Towa, and on the opposite by the dark forest clad
Blackbird hills on the Nebraska side. The impetuous
Missouri, whose course is indicated by a belt of trees and now
and then a gleam of its yellow flood, makes its way through
the great flood-plain to discharge its sediment-burdened
waters through the delta of the Mississippi into the Gulf.
‘When the mind attempts to grasp the details of the early
history of the great valley, the effort carries us so far back
into the shadowy past that we can only vaguely realize the
magnitude of the ‘changes that then took place. However,
as regards its later history, we have a key in the present
operations of the great river which enables us to arrive at
more satisfactory conclusions regarding the origin of the
modern valley, than could be otherwise successfully sought.
At one time the fine material of the Bluff formation occupied
the entire valley in this region, as it does to this day the
greater portion of the more ancient and far more extensive
basin of the Missouri. The agencies that eroded the present
valley were the same as those now in operation and which are
still slowly deepening the channel and building up the bottom-
plain by the deposits of the periodic freshets. The amount
of material which has been removed and transported in the
process of the excavation of the valley and its lateral valleys
is almost incredibly immense. Assuming the average width
of the valley to be five miles and its depth one hundred
yards, and the tributary valleys at one mile wide and the
same depth, with the least estimate the Missouri slope within.
the boundaries of Towa alone has contributed to the alluvial
formations of the Lower Mississippi upwards of three
hundred and twenty billion tons of earth!

At Woodbury, the Bluff Deposit is seen resting immediately
upon the Cretaceous strata; then again, a few feet of modified
drift gravel intervenes. This formation in Woodbury county
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is quite irregular in thickness, accumulating in the depres-
sions produced by the erosion of the Drift and Cretaceous
deposits, to the thickness of two hundred feet, and thinning
to fifty feet, where those formations have been less exten-
sively denuded. To the north and northeastward the Bluff
gradually diminishes, and forty miles above Sioux City, the
Drift Deposits constitute the more considerable portion of
the uplands bordering the Iowa side of the Big Sioux, and
the Bluff Deposit is only met with in patches of inconside-
rable extent upon the higher eminences, it having been
almost entirely swept away in the valleys.

Fossil remains are not common in this formation. It has,
however, afforded a species of Unio, and the bones of
buffalo are said to have been found in it. In the cut on the
line of the Sioux City and Pacific Railroad, at Floyd’s
bluff, Helices were found in considerable abundance; but it

Fre. 87.

Section at Woodbury.
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is difficult to determine whether these shells occur in the
undisturbed Bluff Deposit, or were buried beneath the wash-
ings from the higher slopes: they seem to be confined to the
edges of the cutting, and were not observed in the body of
the deposit beyond a few feet from the surface near the base
of the excavations.

Cretaceous. The most southerly outerop of Cretaceous
strata at present known in the county, is that which occurs
in the lower portion of the bluff at Woodbury, where between
fifty and sixty feet of sandstone and shales belonging to the
lower formation presents the following section:

No. 7. Soft, yellow sandstone, in layers, 12 to 15 inches thick, with sandy
partings, exposed 9 feet. Overlaid by the Blufl’ Deposit with sometimes a thin
intervening gravel-bed.

No. 6. Yellow and blue, mottled clays, indurated, 4 feet.

No. 5. Rather heavy-bedded, soft, yellow sandstone, 14 feet. Contains Dico-
tyledonous leav.s, Sassafras, Suliz, ete.

No. 4. Blue clays, about 7 feet

No. 3. Light-yellow, arenaceous clays, about 5 feet,

No. 2. Dark carbonaceous band, 6 inches.

"No. 1. "Blue and light colored clays, more or less indurated, with arenaceous
and ferruginous laminated layers, ia places highly charged with charcoal particles
and imperfeet vegetable remains, 17 feet.

The base of the above section, which presents a general
view of the strata at this locality, is about thirty-five feet
above low water level in the Missouri river. A thin carbo-
naceous layer is said to occur in bed No. 4, but it was not to
be seen at the time the exposures were examined. The
strata have a slight southerly inclination.

In the bluffs above the mouth of Perry creek, at Sioux
City, a fine exposure occurs which has often been cited by
geologists and become to be regarded as typical of a portion
of the Cretaceous series in the valley of the Missouri. During
the examinations in this region, the present Survey is greatly
indebted for valuable information and the gentlemanly
cooperation of Mr. J. C. C. Hoskins, who is not only familiar
with the geology of the region but is intimately acquainted
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with the results of the numerous explorations made in the
Upper Missouri country by Messrs. Meek and Hayden, Prof.
Jules Marcou, and at an earlier day by Dr. Evans of the
geological corps under the direction of Dr. D. D. Owen in the
survey of the Northwestern Territories. The Missouri river
at this point sweeps the base of the bluff, in the lower part
of which the strata exhibit the following order of succession:

Fic. 88.

Section at Siovx City, on the Missour.

No. 7. Soft, yellow sand rock, with nodular ferruginous bands, sometimes
hard, shaly, brown saadstone laycrs, 7 fect.

No. 6. Ash-colored, gritty clays, 1 foot.

No 5. SOft, yellow, laminated sand-rock, in places tough, shaly, and concre-
tionary ferruginous rock, 214 feet.

No. 4. Blue, slightly arenaceous clays, with thin nodular forruginous layers.
19 feet. Ia places th: cay is quite dark, and an irregular, thin carbonaceous
band or seam of brown coal is sometimes found in the upper portion of the bed.

No. 8. Soft, yellowish, lamicated, fine grained sandstone, with pink colored
patches and ferrugitous bands, 12 feet.

No. 2. Tough, grayish blue, shaly micacgous sandstone, finely laminated, and
inclized to a concretionary structure, 2 to 4 feet. Contains Dicotyledonoug
leaves, Saliz, ete., and a Gasteropod.

20A
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The section is capped by a thickness of five or six feet of
gravel charged with blue clay, upon which the Bluff Deposit
rises to the height of one hundred and eighty-five feet above
the river. Bed No. 2, affords a good and very durable build-
ing stone, for which it is extensively used in the town. The
carbonaceous layer in No. 4, seems to be an irregular band of
rotten brown coal, and is of no economic value. These seams
of brown coal are not uncommon in the Cretaceous strata in
other parts of the State; but their occurrence, so far as
known, does not indicate the presence of thicker deposits of
coal in the accompanying beds. The concretionary, ferrugin-
ous layers in No. 7 afford an excellent article of mineral
paint.

On Floyd river, a mile and a half above McDonald’s mill,
a low bluff rises close upon the right margin of the stream,
in which is exhibited a thickness of from thirty to forty feet

Fia. 89.

Section at Bruguier’s bluff on the Big Sioua.
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of soft, heavy bedded, yellowish and red sandstone with
irregular ferruginous partings. This exposure is probably
the equivalent of the lower sandstone beds seen in the
exposure shown in the preceding section. It is overlaid by
an exposed thickness of two feet of blue shales, which may
belong to bed No. 4 of that section. The rock is too friable
to be valuable for building purposes.

Five miles above Sioux City, in Bruguier’s bluff, on the
Big Sioux, in section 23, township 89, range 48, the following
section was obtained, presenting, essentially, the same strata
as observed in the bluff exposures in the immediate viciuity
of Sioux City:

No. 8 Mbottled, red and yellow sandstone, 4 feet. The exposure at this point is
capped by a thin bed of concrete, cemented with calcareous matter derived from
the Blufl Deposit which forms the upper portion of the bluff.

No. 7. Thin carbonaceous layer, a few inches.

No. 6. Light-blue, gritty clays, imperfectly exposed, 12 feet.

No. 5. Red and light yellow, soft heavy-bedded sandstone, exposed 6 feet.

No. 4. Mottled, yellowish, and blue arcnaccous clays, exposed about 3
feet, with an unexposed slope intervening between this and the overlying bed,
No. 5, of about 14 fect.

No. 3. Soft, yellow, laminated, forruginous sandrock, with leaves of Sussa-
JSras, 114 fect.

No. 2. Tough, grayish, silicious rock, with thin micaceous partings, 4 feet.
Charcoal particles are disseminated through the rock, and the leaves of Salix
Meekiz, and a minute species of Fern also occur at this locality.

No. 1. Soft, laminated, ferruginous sandstone, exposed 1014 feet—base above
the ordinary level of the Big Sioux, 20 fect.

Bed No. 2, is an excellent building stone. It bears the
closest resemblance to the quarry rock in the Bluffs at Sioux
City, and contains the same fossils that are found at that
locality.  The associated strata, however, at first sight
present a marked contrast to that exposure; but on comparing
the two sections side by side, the contrast is found to be due
to the exaggeration or diminution of arenaceous or argilla-
ceous material in certain horizons, while the identity of the
strata at the two localities is unequivocal.

Ascending the Big Sioux, about a mile above Bruguier’s
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bluffy, in the valley side near the Government bridge, the
shelly Inoceramus limestone layers outcrop at an elevation
of upwards of one hundred and twenty-five feet above the
bottoms; but no satisfactory exposure is presented at this
locality. About a mile above this, near Mr. Louis St. Onge’s,
the river washes the base of a considerable bluff escarpment,
exhibiting omne of the most interesting exposures of
Cretaceous strata in this region. The river bluff exposure is
capped by lower portion of the Inoceramus bed; and in the
neighboring ravines at the Andrew Brother’s quarries, and at
Borowsky’s quarry, and other similar outeroppings, this bed
is well exposed, and derives much interest from the fact that
it is the highest member of the Cretaceous series in the State.
The following section gives a general view of the exposures at
this locality, whichis known as the Cedar bluffs :

Section at and in the vicinity of Cedar Bluffs, on the Big Siour.

No. 26. Light gray, shelly limestone, with soft, caleareous partings, charged
with Rhizopods, Ostrea, Inoceramus, and fish remains.

No 5. Very light colored, chalky bed, resting upon light, calcareous clays
belonging to bed No. 24, 6 to 8 feet, with abundance of fish remains, Teliosts and
Selachians.

No. 24. Light colored, calcareous clays, with thin, shaly layers, containing
TInoceramus problematicus, exposed at the top of the bluff’ escarpment, 4 fect. In
the slope above, fragments of the “Inoceramus bed ” are seen at an elevation of
from forty to sixty feet above the base of No. 24, a vertical thickness which
embraces all the quarry exposures in these layers in this vicinity, as described
above. y

No. 23. Fine, light colored clays, very slightly arenaceons, with fish remains,
22 feet.

No. 22. Compact, grayish laminated arenaceous rock, with fibrous gypsum
and Ga.oid scales, 10 inches.

No. 21. Buff, argillo-calcarcous shales, middle portion arenaccous, with
streaks of yellow and gray; lower part blue, slightly gritty, with an Ostrea-like
shell and lenticular masses, containing fish remains, 17 feet.

No. 20. Shaly, fine-grained, ferruginocs sandstone, with few Ganoid scales, 3
feet.

No. 19. Decep blue clay, with occasional sandy streaks, containing clegant
groups of selenite crystals, and near the top, a thin layer charged with one or
two species of a small Lamellibranchiate, 14 feet.
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No. 18. Blue and yellow streaky clays, containing selenite, aud capped by a
thin, irregular nodular band, 4 feet.

No. 17. Hard, ferruginous, laminated layer, highly charged with pyrite, 6
inches.

No. 16. Blue, slightly gritty clays, 6 feet.

No. 15. Irregular, rather compact, ferruginous layer, 6 inches.

No. 14. Soft, grayish sandrock, with thin, ferruginous laminee, 3 feet.

No. 13, Thin, carbonaceous clay, with charcoal-like material, 1 to 8 inches.

No. 12. Bluish clays, 5 feet.

No. 11. TIrregular, nodular, ferruginous band, 6 inches.

No. 10. Blue clays, like No. 8, slightly arenaceous in the middle, with
imperfect vegetable remains, 514 feet.

No. 9. Irregular, hard, nodunlar band, 6 inches.

No. 8. Soft, blue clays, in places charged with carbonized vegetable remains,
514 feet.

No. 7. Very soft, yellow sandrock with dark, ferruginous bands, capped by a
three-foot layer of rather compact, yellow, ferruginous sandstone, in which
imperfect Angiospermous leaves and coaly particles occur, 9 feet.

No. 6. Blue, arenaceous clay, 214 feet.

No. 5. Compact, grayish, silicious layer, like No. 2, 8 to 6 inches.

No. 4. Blue clays, passing upward into laminated, arenaceous shales, with
thin, ferruginous layers, 8 fect.

No. 8. Very soft, dirty yellow, laminated arenaceous bed, bluish, slightly
gritty clays, with dark brown, irregular, ferruginous layers below, 7 fect.

No. 2. Hard, gray, silicious rock, with thin, shaly, ferruginous layers, con-
taining leaves of Saliz Meekiz, and carbonized vegetable remains, 20 inches.

No. 1. Brown and light colored friable sandrock, exposed to ordivary water
level in the Big Sioux, 7 or § feet.

The above represents a complete section of the Cretaceous
strata in this region, including in its lower half the equiva-
lents of the beds observed at all the preceding localities in
the county. Number two is the same as the bed bearing the
corresponding number in the sections at both Sioux City and
Bruguier’s bluff, and here as there, it affords an excellent
building stone. This bed is not exposed at Woodbury, and,
indeed, it may be wanting at that locality. The carbona-
ceous horizon, (No. 13), also presents the same association
of argillaceous and arenaceous beds below and above, that
characterize this horizon at the before mentioned localities.
But there is a marked diminution of arenaceous material at
this locality, though the stratigraphical order of the beds
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remains essentially the same. The beds, Nos. 25 and 26,
are seen at numerous points in the bluffs bordering the
ravines a short distance from the river. They have been
extensively quarried for burning into quick-lime, but for
building purposes the rock is worthless. The finest exposure
of these upper or ‘‘ Inoceramus beds” is that at the Andrew
Brother’s quarries, five miles northwest of Sioux City. The
fish remains of these beds are largely composed of Teliosts—
the representatives of the common bony fishes—and the teeth
and vertebrae of sharks of the genera ZLamna Corax and
Ptychodus. The shaly layers, (No. 26), are crowded with
the fragmentary remains of JInoceramous problematicus,
besides a small oyster, Ostrea congesta, and the exuvie of
a Rhizopod occur in innumerable numbers in certain layers.
Bed No. 25 is almost a pure chalk, there being but a small
percentage of ferruginous and earthy matter in its com-
position. .

Two miles above St. Onge’s, and also opposite the mill on
the Big Sioux, three miles above the mouth of Broken Kettle
creek, in Plymouth county, the same strata are again met
with. At the lower locality, near Mr. John Harden’s, in
section 22, township 90, range 48, the Inoceramus or shelly
limestone bed appears in the top of the bluff ridge one
hundred and ten to one hundred and thirty feet above the
Big Sioux. In the lower part of the bluff, seventy-five to
ninety feet below the upper bed, the sandstones, shales,
and arenaceous, ferruginous layers overlying the carbona-
ceous horizon, outcrop. The latter layer was not seen at
this locality, though it doubtless exists beneath the detrital
material covering the slope. At the locality above the
Broken Kettle—to which I was accompanied by Mr. Louis
St. Onge, to whom we are indebted for the generous hospi-
tality he showed our party, and the assistance he rendered
in various ways during the examinations in this section of
the State—a fine exposure of the lower beds occurs, showing
an unusual development of sandstone, including the thin
carbonaceous layer thirty feet above the river level. High in
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the bluffs, one hundred and twenty feet to one hundred and
thirty feet above the river, the “Inoceramus bed ” outcrops.
The carbonaceous layer at this locality presents the appear-
ance of a mass of partially carbonized vegetable debris, with
pocket-like accumulations of brown coal. The sandstone
is too soft to answer for building purposes, and the hard
quarry rock seen at Sioux City, and at other places, is
several feet beneath the bed of the stream at this locality.

Comparing the respective elevations of the ‘Inoceramus
beds” at the two extreme points of the outerop, it will be
observed that the strata have a gentle northwesterly inclination
which carries the upper beds down to a level but little above
the river opposite Indian creek, in Dakota, thirty miles above
Sioux City, which is the most northerly exposure of Creta-
ceous rocks at present known on the Big Sioux.

FHeconomical Geology. Coal and Fuel. The thin carbona-
ceous layer found at several localities in the Cretaceous rocks
has given rise to considerable speculation as to the probable
existence of more extensive deposits of coal in this region.
But so far as our examinations have extended—and they
have included every known rock exposure in the county—we
have seen no indications that would justify such a supposi-
tion. For the present wants there is an abundant supply
of fire wood, but when the county shall have become more
densely populated, the lack of wood for fuel will necessitate
the growing of artificial forests, which, besides having a direct
practical bearing, will contribute immeasurably towards en-
hancing the appearance of the great prairies of Western Iowa.

Building Materials. The compact silicious rock in the
lower part of the Cretaceous Deposits in this county, affords
at several localities a very good building stone. The heavier
sandstone beds in this formation, however, are too friable to
answer even the most ordinary purposes in masonry. The
upper shelly limestone and chalky beds furnishes material
for burning into quick-lime, which is said to be of fair
quality, though not as strong as that made from the carbo-
niferous and Devonian limestones. At Sioux City the surface-
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washings of the Bluff Deposit is used for making brick. The
decomposition of the calcareous nodules for a few feet from
the surface in exposed situations, renders this material as
available for brickmaking as the clays derived from the Drift
Deposits in other parts of the State.

Potter’s Clay. The fine clays in the Cretaceous Deposits
furnish an excellent material for potters’ use. At Woodbury,
Messrs. Neff and Wurtman have an establishment where
this branch of industry is carried on quite extensively.
In certain fine silt deposits in the banks of the Missouri,
close at hand, the material for glazing the ware is obtained.

Mineral Paint is obtained from certain ferruginous layers,
in the bluffs at Sioux City, but probably not in sufficient
abundance to warrant any outlay in developing this branch
of manufacture. But it is not upon its stone, coal, and other
mineral productions, that Woodbury county relies for its
material prosperity. Its prairies are of the finest and most
fertile in the State, and the geographical situation of the
county could be hardly more favorable for the building
up of a substantial and prosperous commercial community.
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CHAPTER IL

NORTHWESTERN IOWA.

1. GENERAL DESCRIPTION.

The region, here designated as Northwestern Iowa,
comprises four counties in each of the three northern
tiers, twelve in number. They are Pocahontas, Palo Alto,
Emmett, Dickinson, Clay, Buena Vista, Cherokee, O’Brien,
Osceola, Lyon, Sioux, and Plymouth.

The Big Sioux river, which forms a part of the western
boundary of the State, also constitutes the whole of the
western boundary of this region, and the northern boundary
line of the State is also its northern boundary. Its northern
and southern boundaries being parallel east and west lines,
its eastern boundary a straight north and south line, and the
Big Sioux having a nearly southerly course, the outline of
the region is nearly that of an oblong parallelogram. Its
greatest length from east to west is about one hundred and
ten miles, and it is about sixty-five miles wide from north to
south. TIts superficial area is estimated at six thousand nine
hundred and ten square miles, or four millions, four hundred
and twenty-two thousand, four hundred acres.

The whole region is generally very well drained, although a
large part of it is occupied by an unusually flat portion of the
Great Watershed, and in consequence, its streams are
usually small. The principal streams of the region are the
Little Sioux, Floyd, and Rock rivers upon the Missouri river
side of the Great Watershed, and the Upper Des Moines

26A
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river, which collects the waters from the eastern counties of
the region for the Mississippi drainage. In those counties
through which the Great Watershed passes, there exists
quite a number of lakes resting entirely within compara-
tively shallow depressions in the drift. They are such as
have been designated in a previous chapter as drift lakes.
Marshes are also occasionally found distributed upon the
surface of this summit region, but even where these are most
numerous, it must not be inferred that any large proportion
of the surface is occupied by them. A large part also
of those that really exist there may yet be drained and
reclaimed to cultivation. Some of the lakes of this region
are very beautiful and interesting, especially lake Okoboji,
and Spirit lake, both of which are described and illustrated
in another part of this report.

This region includes the most elevated portion of the State,
and yet its highest point of elevation is only about seventeen
hundred feet by estimate, above the level of the sea, and only
between twelve and thirteen hundred feet above the lowest
point in the State, which latter point is at its southeastern
corner, So few levels have been made within the limits of
the region, for railroads and other purposes, that it is not
known precisely where the highest point is, or what is its
actual elevation, but judging from levels made in other parts,
from the known slopes of rivers and the positions of the
streams which drain the region, it is inferred that the highest
point within its limits, and also the highest within the State,
ig in the immediate vicinity of Spirit and Okoboji lakes, in
Dickinson county. Except by estimates from such data as
these, or by actual leveling, the relative height of the different
portions of the region cannot be ascertained, nor their diffe-
rence hardly suspected, because the difference never amounts
to enough to be detected by the eye of the traveler as he
crosses it in any direction. It is true that the swiface is
always gently undulatory, sometimes “knobby,” and occa-
sionally traversed by a shallow valley, but as the view is
almost nowhere obstructed by trees, he is always able to
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distinguish a general plain, distinct from such local eleva-
tions and depressions, as his vision falls upon the surface
in the distance. This general plain usually appears to the
eye to be everywhere a perfect level, so slight are the
variations of altitude in the general surface.

Taken as a whole, the surface of this region is, probably,
less broken by deep valleys and ravines than any other part
of the State. Even in the vicinity of the larger streams—the
Big Sioux, Little Sioux, Des Moines, etc.—the valley slopes
are usually gentle and undulatory, and as there are no rocky
bluffs in the whole region, the steepest valley-sides are such
as remain where the streams have cut their valleys out of the
drift alone. When it is remembered that the streams of the
region have nowhere, except at its eastern and western
borders, cut their valleys down to the stratified rocks, but
that the valleys of all the streams which traverse it have
been excavated out of the deep and incoherent drift alone, it
will be understood that the general surface is necessarily
unmarked by strong physical features. The plain-like
monotony of surface that is now so wearisome to the
traveler is largely due to the almost entire absence of
trees. There is really quite enough diversity of surface to
give the region a pleasant aspect if those distant stretches
of unobstructed view were frequently relieved by the presence
of groves and larger bodies of forest trees. The largest
bodies of woodland now to be found in the whole region are
in the vicinity of Spirit and Okoboji lakes, and at several
points along the valley of the Des Moines. Aside from
these, there is no woodland except the narrow, interrupted
belts which usually exist along the borders of the larger
streams, and a few clumps and small groves near the smaller
lakes. TEven the larger upper branches of the rivers are
prairie streams, with only occasional clumps of willows to
relieve the monotony of the uniform grassy surface.

A large proportion of the marshes of the Middle region
of northern Towa are filled with peat, but those of the adja-
cent part of the region under discussion are not, generally
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peat marshes. Two or three very good peat marshes were
found in the neighborhood of Spirit and Okoboji lakes, and
smaller quantities were observed elsewhere, but the indi-
cations are that nothing like a general supply of this kind of
fuel, except for a few neighborhoods, exist anywhere in the
region. All that exists then may be expected in the eastern
half of it, because in the whole six counties of the western
half, marshy land is very rarve.

The Soil of this region is characteristic drift soil, and it
almost everywhere has a uniform general character. It is
true that in Plymouth county, in the extreme southwestern
corner of the region, we find the northern border of the Bluff
Deposit which there, resting upon the drift, forms the soil,
the character of which has been fully described in another
chapter. The soil of the bottoms of the valleys also,
especially those of the Big Sioux and Des Moines, is more
or less alluvial in its character, but all, except these fractions
of the soil of the whole region, is that of the undisturbed
drift. The drift soil of Northwestern Iowa, differs somewhat
from that of the same deposit in other parts of the State. It
contains, as a rule, a greater proportion of sand and less
clay, which imparts physical properties to it that are very
beneficial in agriculture, for it must not be supposed that,
except in a few insignificant instances, the sand is sufficient
in amount to cause any approach to barrenness. There
are, indeed, very few spots in the whole region, even in the
valleys, that can be properly said to have a sandy soil.
Occasionally the ‘knobs” are found to be gravelly and
more or less barren, but these exceptions are so rare that
probably no region in the State or elsewhere has a smaller
proportion of untillable land. This fortunate admixture of
soil-materials give a warmth and mellowness to the soil
which is so favorable to the growth of crops that they are
usually matured, even in the northern part of this region, as
early as they are upon the more clayey soils of the southern
part of the State, although the latter are two hundred miles
farther southward. Such a soil has also the additional
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advantage of becoming sufficiently dry to cultivate sooner
after the frosts of early spring have ceased, or the rain-
showers of summer have ended, than those do which contain
a greater proportion of clay.

The maximum thickness of the drift of this region has not
been ascertained, but it is known to be very thick. As has
been shown in another chapter, we have evidence that it is
thicker along the course, and in the vicinity of the Great
Watershed than elsewhere within the limits of the State.
Indeed this watershed is evidently formed largely of drift
alone; but, of course, the central elevation of the State is not
all due to the thickness of the drift. None of the streams
of this region, except those near its eastern and western
borders as before remarked, have exposed any of the under-
lying strata in the process of deepening their valleys, yet in
a few places, the streams have cut out their valleys in the
Drift Deposit so abruptly that one almost instinctively
expects to find strata exposed there in the valley-sides. The
valley of the Little Sioux presents such characters near
Peterson, in the southern part of Clay county. Here the
valley of the river has the character of a well-defined gorge
which, from brow to brow of the abrupt slopes, is only about
a quarter of a mile, while the depth from the general prairie
level, which is distinctly defined in the adjacent region, is
one hundred and ninety feet to the water in the stream. The
valley slopes here are necessarily steep, and one would natu-
rally look for exposures of strata under such circumstances,
if anywhere in the region, but careful search failed to show a
trace of anything besides the disturbed drift, from top to
bottom of the valley. It may be that the Cretaceous strata,
which we find farther southward and westward, exists here
also beneath the drift, and, being so friable, they may have
become covered by their own debris, together with the over-
lying drift if they had ever been exposed. If this whole
depth, however, of nearly two hundred feet is entirely of drift
material, it is very remarkable, and yet there seems no reason
to doubt, that the drift alone may have that thickness here,
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particularly as we have just as good reason to believe that it
is nearly or quite as thick along the Great Watershed to the
southward.

2. GEOLOGY.

The exposures of strata in this region, although so
few in number and so small are, nevertheless, very interest-
ing from the fact that they occupy extreme points within
the region and at each point the strata exposed represent
respectively widely separated epochs in geological time.
These strata are exposed at only three localities within
the region which are so limited that they may be designated
as points. The first is in the extreme eastern part of the
region, near the eastern border of Pocahontas county. The
strata are of Sub-carboniferous age. The second is in the
southwestern corner of the region and of Plymouth county,
the strata being of Cretaceous age. The third is in the
extreme northwest corner of the region and of Lyon county,
where the strata exposed are of Azoic age.

The first named exposure is found near Lizard creek,
about six miles southward from Rolfe, the present county
seat of Pocahontas county, and is referred without doubt to
the Kinderhook beds, which constitute the lowest formation
of the Sub-carboniferous group. This locality is interesting
as being the most northerly and westerly point at which the
strata of this or any other Sub-carboniferous formation are
found exposed; and it is also the most westerly point at
which any paleozoic strata have been observed within the
limits of the State. The strata at this locality consist of thin
layers of gray limestone, which is in some parts slightly
oolitie, but it is mostly of a sub-crystaline texture. The
exposures are slight and inconspicuous and confined within a
very small space upon the gentle slope of the prairie valley,
yet considerable quantities of stone for ordinary use and for
lime have been and much more may be quarried here.

The second exposures named are those of Cretaceous age,
and arc found in the bluffs that border the valley of the Big
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Sioux river, near to and below the mouth of Broken Kettle
creek, in the southwestern corner of Plymouth county. The
strata exposed here consists of parts of both divisions of
Cretaceous rocks, designated in another part of this report ag
the “ Woodbury Sandstones and Shales,” and the ¢ Inocera-
mus Beds.” The first are all so friable and soft that they are
in this region hardly fit for any economical purpose. The
latter are composed of the usual soft chalky material and
the thinly laminated, chalky limestone. In consequence of
the friable character of all these strata their own debris
almost everywhere covers them from sight where they were
once probably exposed, so that they are only seen in the
steepest slopes of the bluffs, and there but rarely. There
is reason to believe that they do now or originally did
underlie all the surface of the western part at least of this
region, up to and beyond the northern boundary of the State,
—resting there directly upon Azoic strata—although they now
nowhere appear within the limits of the State north of the
center of Plymouth county. The fact that these strata are
found at several points in southwestern Minnesota is itself
very good evidence that the strata there were originally
connected with those found in Towa. Going northward from
these exposures in Plymouth county, the next exposures of
strata are found in the extreme northwest corner of the State.
These are the Sioux Quartzite and are regarded as of Azoic
age. The character of this rock has been fully described
in a preceding chapter and need not be repeated here.

It will thus be seen that it is only upon the extreme
eastern and extreme western borders that any exposures of
strata whatever are found and consequently almost the whole
region is without any exposure of rock of any kind except
an occasional boulder imbedded in the soil. But the region
comprised in the twelve counties here designated as North-
western Iowa is not the whole of the great stoneless region of
that part of the State. If a square be drawn upon the map
of Towa which shall represent one hundred miles eastward
and westward and the same distance northward and south-
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ward, whose northern side shall be the northern boundary of
the State and whose eastern side shall be the line which
separates the twenty-ninth and thirtieth ranges of townships,
it would represent ten thousand square miles wpon which no
exposures of rock in place were to found, except those limited
ones in Pocalhontas county. besides which, the only stone of
the region consists of the sparsely scattered boulders. Even
this is not all of the great stoneless region of Northwestern
Towa. The area just designated would include only the
northern portions of Monona, Crawford, and Carroll counties.
There are no exposures of strata in any part of either of
these so far as yet discovered, nor in either Audubon or
Shelby counties which adjoin them on the south. Again,
upon the eastern border of the square indicated, lies Kossuth,
Crocker, Winnebago, and Hancock counties, in neither of
which has their been a single exposure of strata discovered,
and no stone to be seen except the usual sparsely scattered
boulders. The uncolored portion of the geological map
accompanying this report represents more fully the outlines
of this great stoneless region.

With perhaps the exception of an occasional artificial
excavation, which may in the future throw sgome light upon
the subject, our knowledge of the character and extent of the
formations that occupy this region immediately beneath the
drift must be derived by inferences from the results of
examinations made in the regions adjoining, and from
knowledge previously acquired concerning the general dip
and trend of all the other formations of the State. Upon a
lithographed sheet, accompanyirg this report, a section is
represented extending from McGregor, upon the bank of the
Mississippi, in a straight line across the State to the mouth
of Broken Kettle creek in Plymouth county. If one travels
westward upon this line he will have passed over the whole
unbroken series of palseozoic strata from the Potsdam sand-
stone to the Sub-carboniferous, inclusive, when he reaches the
exposure of Kinderhook limestone, in the eastern pait of
Pocahoutas county, before mentioned, and which lies directly
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upon this line. All these formations pass successively
beneath each other with a slight westerly dip, which although
considerable, especially along the eastern portion of the
line, is really much less in the aggregate than it appears to
be, from the fact that the gradual rise of the surface to the
westward, amounts to a large part of the aggregate thickness
of all the formations passed over. The Kinderhook member
of the Sub-carboniferous group disappears in turn beneath the
almost unbroken drift mantle of the northwestern part of the
State, and is seen no more. If we continue westward upon
the same line, the next exposures we find of rocks in place
are those of Cretaceous age, at the mouth of Broken Keitle
creek, in Plymouth county. If we go northwestward from
that point in Pocahontas county, we find no exposures until
we reach those of Azoic age, in the extreme northwest corner
of the State, and in a northerly direction we must go far
beyond the limits of Towa, into the valley of the Minnesota
river, before we find a single exposure of rocks in place.
Those we find there are of Azoic age, the same formation, in
fact, as the Sioux Quartzite, which we find at the surface in
the extreme northwest corner of Towa.

Southward from this area here designated as Northwestern
Iowa, all the strata exposed within the limits of the State
belong to either the Lower, Middle, or Upper coal-measures.
These three formations together with those of all the palzo-
zoic rocks in the State, are known to have a general southerly
or southwesterly dip. We have evidence, however, that those
portions of the coal-measure formations that lie westward
from the valley of the West Nishnabotany, have a slight
general dip, which is a little to the north of westward, that
river apparently running upon the very slight anticlinal axis
thus formed. This dip, slight as it is, together with the
opposite slope of the surface, soon carries the Upper coal-
measure formation beneath the Cretaceous strata of Nebraska,
and they are seen no more in that direction until they come
to the surface again near Salt Lake, about a thousand miles

away. But with the slight exception named, so far as Iowa
27A
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is concerned, the general dip, as before remarked, is a little to
the west of southward, for the coal-measure formations as
well as for all the other palaeozoic strata. Consequently
when we find the most northerly exposures of those three
formations in Harrison, Guthrie, Greene, and Webster
counties, and crossing the great stoneless area to the north-
ward and find that the strata exposed at the surface: on
the north side of it are of Azoic age, we cannot doubt that
those coal-measure formations have thinned out beneath
the Drift Deposit somewhere within the limits of that area,
probably near its southern border. We not only have proof
that these later palaeozoic formations have thus thinned out
to the northward, but facts before mentioned, also prove
that all the other formations of paleeozoic age, comprising
the whole of those in the eastern part of the State, have
also thinned out to the westward and northwestward before
reaching the northwest corner, where, as before said, the
Azoic rocks appear at the surface. Some of those earlier
paleozoic formations, which disappear in succession as one
approaches this region from the eastward, may end beneath
the others before they reach so far westward as the borders
of the region under discussion, but the later ones, particularly
the Sub-carboniferous, must of necessity thin out somewhere
beneath the drift, or possibly beneath Cretaceous strata also,
within its borders.

Now arises a question of great practical importance to the
inhabitants of this region. It has been shown that the coal-
bearing formations necessarily end by thinning out some-
where beneath the drift of this broad stoneless area, but as
this area is a hundred miles and more across, it is desirable to
know with as much accuracy as possible, how far they extend
to the northward of the points where they are last seen upon
the surface. It is desirable to know this, so that any future
explorations for coal that may be made in this region, may
be undertaken intelligently. In reply to this question, the
opinion is advanced that it is not probable that profitable
beds of coal will ever be found north of a line running
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directly westward from Fort Dodge. The Lower coal-
measures, the formation which is known to contain the greater
part of the coal of Towa, it is true, is found well developed
and quite productive as far north as Fort Dodge, in Webster
county, but westward from this county nothing more is geen
of it. 'We have seen that the northern borders of the other
two formations of the coal-measure group have a general
trend or direction a little north of west, and we may conse-
quently infer that the northern border of the lower and most
productive of these formations has a similar trend, approxi-
mately parallel with the others. This being the case the
northern border of the Lower coal-measure formation, although
not exposed to view at any point westward from the vicinity
of Fort Dodge, may be inferred to exist not far from the
northern limits of Calhoun, Sac, Ida, and Woodbury counties,
because the northern limits of that formation are found to be
near such an east and west line in Webster and Hamilton
counties. Notwithstanding the fact that good workable beds
of coal are found near the northern border of the coal-field in
the counties of Hardin, Hamilton, and Webster, and the
great probability that it may also exist just as near that
portion of its border which is continued beneath the surface
to the westward of those counties, it cannot be denied that
the chances of discovering a workable bed of coal within the
region here designated as Northwestern Towa are exceedingly
small. If workable beds of coal really existed in the region,
the exposures of any strata at the surface are so few, which
might give any indication of their presence, that the hazard
of finding them would be very great, particularly as all such
explorations must be made by sinking shafts at random
without any indication to suggest the choice of one point in
preference to another. In short, it is at present believed that
all attempts to discover a profitable bed of coal in the region
here defignated as Northwestern Iowa, will result in a waste
of labor and money, although it is not at all improbable
that small basin-outliers of true coal-measure strata may be
discovered within its limits by future artificial excavations.
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The question of a supply of coal is one in which the people
of the State have the greatest interest. Indeed its practical
importance can hardly be overestimated. To the geologist,
however, in a mere scientific view, the question of the actual
boundaries of the formations that are lost beneath this broad
drift mantle, is just as interesting. Approaching this region
from the east, he sees the Sub-carboniferous limestone disap-
pearing beneath it to the westward. Approaching it from the
west he sees the Cretaceous strata disappearing beneath it to
the eastward in like manner upon its very borders; and
approaching it from the north or northwest he sees the Azoic
strata passing beneath it to the southward, while the broad
space, a hundred miles or more across it in every direction,
is a perfect blank so far as regards the exposure of these or
any other stratified rocks.

How far the paleeozoic rocks extend beneath it from the
eastern border, we do not know, and probably never can
know. We have only the evidence in the fact of the existence
at the surface in the northwestern corner of the State, of Azoic
strata, that they thin out somewhere within the limits of the
region. How far that particular formation of the Azoic rocks,
the Sioux Quartzite, extends to the southward and eastward
beneath the surface of the State, we can probably never know.
How far the Cretaceous strata which appear upon the south-
western margin of the region, extend over the remainder of
it, unseen beneath the surface now covered by the drift, is
not now known because no exposures of them are found
there. We have, however, many reasons to believe that the
last named strata once covered nearly, if not quite the whole
region, and that a large part of them, being all very friable,
where removed by erosion during the Tertiary age, and much
more swept off by glacial action during the Drift or Glacial
epoch, and the remainder are now mostly covered by the drift.
Besides more or less indistinct indications of the correctness
of this view, gathered from observations within the region
itself, we find traces of Cretaceous strata at several points
within the State of Minnesota, extending as far as, or farther
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to the eastward than the eastern border of the region under
discussion. TFrequent exposures of strata of Cretaceous age
exist also to the southward of it, and also to a point in
Guthrie county, as far eastward as the eastern border of this
region; and, although nd exposures of these strata now
appear at the surface in the intermediate space, judging from
the uniformity of the surface, and from our knowledge of the
position that the underlying strata must necessarily assume,
it is inferred that the whole intermediate region originally
received deposits of Cretaceous strata continuous with those
that now appear.

These Cretaceous strata everywhere, both in Minnesota and
Towa, show evidence of extensive glacial and other denu-
dation. This has been accomplished with facility in
consequence of the great softness and friability of all the
strata of that age. The denudation of these strata has been
so great that their remains now exist in some parts only as
scattered outliers resting upon older rocks. In Western and
Southwestern Iowa, they are found resting unconformably
upon the Upper, Middle, and Lower coal-measures success-
sively; and in Minnesota and Dakota they are found resting
upon Azoic rocks.

The foregoing views concerning the real and supposed rela-
tions of strata of Northwestern Towa to each other and with
those of other parts of the State, are illustrated by the litho-
graphed section accompanying this report before referred to.
The dotted lines upon those sections indicate the supposed
relative position of the strata beneath the great drift region
where they are all covered from sight, while the continuous
lines are given as the legitimate result of actual examination.

3. MATERIAL RESOURZES.

After the foregoing description of the geology and physi-
cal geography of this region it will necessarily be inferred
that aside from the great fertility of its soil its material
resources are at present very limited. As far as mineral
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resources, properly speaking, are concerned, they are, so
far as at present known, the least that could well
fall to the lot of an equal area of the earth’s surface any-
where; for the drift covers the whole surface so deeply and
completely that whatever of mineral wealth may possibly
exist beneath it,is as effectually hidden as if it were covered
by the waters of the sea. The only items coming under the
head of the last named resources are the slight exposures of
stone before referred to. These will be mentioned further on
in the descriptions of the counties in which they occur.

.The great fertility of the soil and the minuteness of the pro-
portion of it that is untillable, have already been mentioned.
It has been believed by many that a large part of this region
has a barren soil, but the truth is the proportion of the sur-
face rendered untillable by the occupancy of the barren
“knobs” and marshes, or by any other cause, is so small
that it would attract no attention in the most fertile regions
outside of Towa.

Notwithstanding the fact that this fertile soil now produces
little more than an annual crop of grass, it is from the soil
almost alone that the future wealth of the region must be
derived, and the inhabitants will not be disappointed in their
dependence upon it. Not only will it supply a dense popula-
tion with abundant food, but it will also yield them just as
certain and abundant supplies of fuel in the shape of forest
trees if they are only planted and protected from the ravages
of the prairie fires. Although Northwestern Iowa is now
more distinctively a prairie region than any other part of the
State, it is these fires alone that keep it so. The power and
magnitude of these annual scourges can hardly be under-
stood by those not familiar with them, but some idea of
them may be formed by reference to the extensive areas
over which they sweep. As one goes northward from the
southwest corner of the region, as soon as he leaves the
vicinity of the Missowi river, which near this point bends
away to the westward, he finds himself upon an immense
prairie region. Far away to the eastward it is almost
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unbroken until the Des Moines river is reached, and here it
is only separated from a wide prairie region beyond, by
a narrow strip of woodland in the valley of that stream.
Still farther than this to the northward, into Minnesota,
the same continuous prairie surface stretches, extending even
beyond the Minnesota river, which interposes its woodland
valley like a mere line. Farther still to the westward
towards the Rocky Mountains, the same almost unbroken
continuity of fruitful soil is annually rendered desolate by
the fires that sweep its surface, unobstructed in many places
even by the larger streams, for it often leaps these when
the wind is high, and carries on its work of destruction
beyond.

‘Whatever may have been the original cause of the absence
of trees upon these and other prairie regions, we have the
evidence that it is the annual fires and these alone that now
prevent them from spontaneously occupying the soil. In
all abrupt bends, and upon all islands of the Big Sioux and
other principal streams of the region, forest trees are growing
* thriftily, because they receive, at least, partial protection
from the fires by the adjacent water; and wherever clumps
of fire-stunted trees have received incidental protection by the
opening of farms, or wherever the settlers have planted and
protected any of the indigenous trees, they rapidly assume
forest proportions. With these facts before us, we cannot
doubt that a few years will suffice to convert the whole of this
treeless space into a well cultivated region with a sufficient
amount of artificially planted woodland from which to supply
the wants of the inhabitants. In view of these facts, also, no
doubt can be entertained that the soil of Northwestern Iowa
is the source of abundant and sufficiently diversified material
wealth, the development of which will be fully entered upon
in the immediate future.

4. EMMET AND PALO ALTO COUNTIES.

Emmet county is one of the northern tier, the eighth from
the Mississippi on the east, and the fourth from the western
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boundary of the State. Palo Alto county adjoins, and lies
directly south of it. They both together contain twenty-eight
congressional townships, Emmet containing twelve, and Palo
Alto sixteen. The northern tier of townships in the State
being only five miles wide from north to south, Emmet
county lacks twenty-four square miles of the full superficial
area of twelve townships. Its area is consequently only
four hundred and eight square miles, while that of Palo
Alto is five hundred and seventy-six square miles, giving for
both counties the aggregate number of six hundred and
twenty-nine thousand, seven hundred and sixty acres.

The Des Moines river traverses these two counties, entering
Emmet at its northwestern corner, and passing out of Palo
Alto at the southeastern corner of the latter county. The
East fork of the Des Moines also passes across the north-
eastern corner of Emmet, but is there a very small stream,
since its source in Lake Okamanpadu is npon the northern
border of the same county. - The other streams that drain
these counties are both few and small. Although the Des
Moines, the largest stream in this part of the State, traverses
both these counties, they have nevertheless largely the
characters of a summit region. They are indeed among the
most elevated counties in the State, the Great Watershed
passing along the western part of both of them. Along this
broad summit region, which constitutes that portion of the
Great Watershed in this part of the State, as well ag the
secondary watershed between the main branch and the East
fork of the Des Moines, there are numerous small lakes of
clear water resting in shallow depressions in the drift. These
of course do not reach down to the stratified rocks, and are
among those designated in a former chapter as drift-lakes.
These shallow lake beds were doubtless left as such at the
close of the Drift epoch, together with many others that the
deepening of the valleys has drained and left no trace of
them, while these remain because no accumulation of waters
beyond them has sent sufficient current across them to cut a
channel for their outlet and drainage. -Although marshes
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sometimes adjoin these lakes, they usually have well defined
shores, so that they are in no manner objectionable features
in an inhabited region. O<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>