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GEOLOGIC AND TOPOGRAPHIC ATLAS OF UNITED STATES.

The Geological Survey is making a geologic map

of the United States, which is being issued in parts,

“called folics. Each folio includes a topographic

map and geologic maps of a small area of country,
together with explanatory and descriptive texts.

THE TOPOGRAPHIC MAP.

The features represented on the topographic map
are of three distinet kinds: (1) inequalities of sur-
face, called relief, as plaing, plateaus, valleys, hills,
and mountains; (2) distribution of water, called
drainage, as streams, lakes, and swamps; (3) the
works of man, called ewfiure, ag roads, railroads,
boundaries, villages, and cities.

Rc*frqf'—ﬁll elevations dre measured from mean
sea level. The heights of many points are accu-
rately determined, and those which are most
important are given on the map in figures.

desirable, however, to give the elevation of all parts |

of the area mapped, to delineate the outline or form

of all slopes, and to indiecate their grade or stee |}a:

ness. This is done by lines each of “’ill{ h is drawn
through points of equal elevation above mean sea
level, the altitudinal interval represented b
space between lines heing the same’ tI:!'ml;_l,h{mt-
each map.
uniform altitudinal space between each two con-
tours is called the eonfour inflerval. Contours and
elevations are printed in brown.

The manner in which contours express elevation,
form, and grade is shown in the following sketch
and corresponding contour map (fig. 1).

b
.

Fra. 1.—Ideal view and eorresponding eontour map.

It is |

v the |

2. Contours define the forms of slopes. Since

contours are ¢continuous horizontal lines, they wind |

smoothly about smooth surfaces, recede into all

| reentrant angles of Tavines, and project in passing

I
i

[ contour interval is used;

of the y

about
curves and angles to forms of the landscape can be
traced in the map and sketch.

3. Contours show the approximate grade of any
slope. The altitudinal space between two contours
is the same, whether they lie along a cliff’ or on a

prominences.

These relations of contour |

' to the observer every characteristic feature of the
landseape. It should guide the traveler; serve
the investor or pwner who desires to ascertain the
position and surroundings of property; save the
engineer preliminary surveys ‘in locating roads,
railways, and irrigation reservoirs and ditches;
| provide educational material for schools and homes;
and be useful as a map for loeal reference.

THE GEOLOGIC MAPS.

gentle glope; but to rise a given height on a gentle |
| slope one must go farther than on a steep slope, and

therefore contours are far apart on gentle slopes |
and near together on steep ones.

For a flat or gently undulating counfry a small
Jfor a steep or mountain- |
ous country a large interval is necessary. /The
smallest interval used on the ':_!lial:& sheets of the
Geological Survey iz 5 feet. This is serviceable for
regions like the Mississippi delta and the Dismal
Swamp. In mapping great mountain masses, like
those in Colorado, the interval may bi 250 feet.
For intermediate relief contour intervals of 10, 20,

25, 50, and 100 feet are used.
Drainage—Watercourses are indicated by blue
lines. If a stream flows the entire year the line is

These lines are called eonfours, and the | drawn unbroken, but if the channel is dry a part

Where a

stream ginks and reappears at the surface, the sup-

rear the line is broken or dotted.

|m.-:L-|;l underground course is shown by a broken
blue line. Lakes, marshes, and other bodies of
water are also shown in blue, by appropriate con-
ventional signs.

Culture.—The works of man, such as roads, rail-

roads, and towns, together with boundaries of town- |

| ships, counties, and States, are printed in black.

The sketch represents a river valley between two |

hills. In the foreground is the sea,
which is pnrily cloged by a hooked sand bar.
each side of the valley is a terrace. TFrom the
terrace on the right a hill rises gradually, while
from that on the left the ground ascends steeply,
forming a precipice. Contrasted with this precipice
is the gentle slope from its top toward the left. In
the map each of these features is indicated, directly
beneath its pogition in the sketch, by contours.
The following explanation may make clearer the
manner in which contours
form, and grade:

1. A contour indicates a certain height above sea
level. In this illustration the contour interval i
50 feet; therefore the contours are drawn at -;lL
100, 150, and 200 feet, and so on, above mean sen
lewvel.

delineate elevation,

with a bay |
On |

Along the contour at 250 feet lie all points |

of the surface that are 250 feet above sea; H|(ng‘é

the contour at 200 feet, all points that are 200 feet
above sea; and so on. In the space between any
two contours are found elevations ahove the lower
and below the higher contour. Thus the contour
at 150 feet falls just below the edge of the terrace,
while that at 200 feet lies above the terrace; there-
fore all points on the terrace are shown to be more
than 150 but less than 200 feet above sea. " The
summit of the higher hill is stated to he 670 feet
above sea;
rounds it. In this illustration all. the contours are
numbered, and those for 250 and 500 feet are
accentuated by being made heavier. Usually it
is not desirable to number all the eontours, and
then the accentuating

a degree of latitnde by a degree of longitude;

square degree;

accordingly the contour at 650 feet sur- |
| ships.
represents, is given the name of some well-known |

and numbering of certain |

of them—say every fifth one—suflice, for the |

heights of others may be ascertained by counting
up or down from a numbered contour.

Seales.—The area of the United States (excluding

: ;;"Llan-:k:t and island possessions) is about 3,025,000

square miles. A map representing this avea, drawn

to the scale of 1 mile to the inch,

'IIIUI]_:IH'! ”H" I'I'I.‘-IIJ tFIL' 1“[]!('!' "u‘l.'ﬂ]llilfl |||l'i."lfi to measure
about 240 by 180 feet.  Each square mile of ground

surface would be represented by a square inch of

HIH'[I le.l.'l"lzii,"{‘:l :I!H_] One “"i‘:"" !II‘I]!" 011 ‘]'Il," f_""l'ﬂllll[]
would be represented by a linear inch on the map.
Thizg relation between distance in nature and cor-

responding distance on the map is called the seale |

of the map. In this case it is “1 mile to an inch.”
The scale may be {'\'}!l'l'!-‘x*vl'L] also by a fraction,
is a length on the

of which the numerator

and the denominator the corresponding length in |
Thus, as there |

nature expressed in the same unit.
are 63,300 inches in a mile, the seale “1 mile to
an inch” i3 expressed by gom- :

Three scales ave used on the atlas -=||E"1-1-t of the
Geological Survey; the inter-
mediate g, and the Jargest l
to 4 miles, 2 miles, and 1
Un the

the smallest i .m i
H[]HTHI Elli]ll'ﬁ):\'i[tlilh"]_‘}"
mile {'m the ground to an inch on the map.

seale g

L

.Ilmui 1 square mile of earth surface: on the "ﬂ"‘ljl"

’illl!l

about 16 square miles, At the bottom of each
atlas sheet' the scale is expressed in three ways—
by a graduated line: representing miles and parts
of miles in English inches, by a similar line indi-
the metric by a

e About 4 square miles; and on the seale

{-miug distance in and
fraction.
Aftlas sheets and quadrangles.—The map is being

published in atlas sheets of convenient size, which

system,

represent areas bounded by parallels and meridians. |
Each sheet on |

These arveas ave called guadirangles.
tll!‘ I‘-tqlll H{' z.“,'lﬁir H‘mhmw one 1"[I'I]H!'l_" [iﬁ‘:-_:':l"l\l‘—i. &y,
sheet on the scale of ;17 eontains mw-’rmn'ﬂn of a
each sheet on the seale 01 S COTI=
tains one-sixteenth of a square degree. Iln_- areas

of the :-urrﬁlmmliuw quadrangles are about 4000, |

1000, and 2

The atlas sheets, being only parts of one map
of the United BStates, disregard political boundary
1it'|[::5, such as those of Piates, eounties, and town-
To each sheet, and to the quadrangle it

I{] Hllll are III.]][ .

town or natural feature within its limits, and at the
gides and corners of each sheet the names of adja-
cent sheets, it published, are printed.

Uses of the topographic map.—On the topographic
map are delineated the relief, drainage, and eulture
of the quadrangle represented. It should portray

would cover
1 3,025,000 square inches of paper, and to accom- |

IIIq'I:]:I |

These corre- |

a sguare inch, of map aurkce represents |

ench |

subsides the shore lines of the ocean are changed.
As a result of the rising of the surfice, marine sedi-
mentary rocks may become part of the land, and
extensive land arveas are in fact occupied by such
rocks. _.

Rocks exposed at the surface of the land are acted
upon by air, water, ice, animals, and plants. They
are gradually broken into fragments, and the more
soluble parts are leached out, leaving the less soluble
as a residual layer. Water washes residual mate-
rial down the slopes, and it is eventually carried

The maps representing the geology show, by | by rivers to the ocean or other bodies of standing

colors and conventional signs printed on the topo- |
| graphie base map, the distribution of rock masses
'on the surface of the land, and

water. Usually its journey is not eontinuous, but

(it is temporarily ‘built into river bars and flood
the structure |

plains, where it is called alluvium. Alluvial depos-

sections show their 11nd+:=rwmuml relations, as far as | its, glacial deposits (collectively known as drift),

known and in such detail as the scale permits,

KINDSE OF ROCKS.

Rocks are of many kinds. On the geologic map
| they are distinguished as igneous, sedimentary, and
| metamorphie.

Lgneous rocks—These are rocks which

have

and eolian deposits belong to the swirficial class,
and the residual layer is commonly included with
them. Their upper parts, oceupied by the roots of
plants, constitute soils and subsoils, the soils being
usually distinguished by a notable admixture of
organic matter.

Metamorphie vocks.—In the course of time, and

cooled and consolidated from a state of fusion. | by a variety of processes, rocks may become greatly
Through rocks of all ages molten material has | changed in composition and in texture.

When

from time to time been forced upward, in |the newly acquired characteristics are more pro-

lissures or channels of various shapes and sizes,
to or nearly to the surfice. Rocks formed by |

metamorphic.

nounced than the old ones such rocks are called
In the process of metamorphism

the conzolidation of the molten mass within thesﬁ . the substances of which a rock is composed may

| channels—that is,
| intrusive.
approximately parallel walls the mass is called a
dike; when it fills a large and irregular conduit |
| the mass is termed a sfock. When the conduits for |
molten magmas traverse stratified rocks they often |

below the surfice—are called | enter into new combinations, certain substances
When the rock occupies a fissure with | may be lost, or new substances may be added.

J‘ There is often a complete. gradation from the pri-

' send: off branches parallel to the bedding planes; |

the rock masses filling such fissures are called |

sills or sheets when comparatively thin, and lacco- |

| liths when oceupying larger chambers produced by

the forte propelling the magmas npward. Within
rock inclosures molten material cools slowly, with
the result that intrusive rocks are generally of crys-
talline texture. When the channelz reach the sur-
face the molten material poured out through them
is called lava, and lavas often build up veleanic
mountains. Igneous rocks thus formed upon the
surface are called exlrusive.  Lavas cool rapidly in
t-hl"! ;til‘, =1“ﬂ] EI[,'T'II_I[]‘(: a ?"!FI.,W}' ar, maore {“H‘E'", H | l]ﬂ]"—
tially erystalline condition in their outer parts,
but are more fully erystalline in their inner por-
The outer parts of lava flows are nsually
more or less porous. Explosive action often accom-
panies voleanie eruptions, causing ejections of dust,
| ash, and larger fragments. These materials, when

tions.

; ] . |
| consolidated, constitute breecias, agelomerates, and

tuffs.  Voleanic ejecta may fall in bodies of water
or may be carried into lakes or seas and form
sedimentary rocks.

Sedimentary vocks.~These rocks are composed
of the materials of older rocks which have bheen

carried to a different place and deposited.
The chief agent of transportation of rock débris is

'mary to the metamorphic form within a single
rock mass. Such changes transform sandstone into
quartzite, limestone into marble, aml modify other
rocks in various ways.

From time to time in geologic history igneous
and sedimentary rocks have heen deeply buried
and later have been raised to the surface. In this
process, through the agencies of pressure, move-
ment, and chemical action, their original structure
may be entirely lost and new structures appear.

| Often there is developed a system of divigion planes

broken up and, the fragments of which have been

| water in motion, including rain, streams, and the |

| water of lakes and of the sea. The materials arve
in large part carried as solid particles, and the
deposits are then said to be mechanieal. Such
are gravel, sand, and clay, which are later consoli-
dated into conglomerate, sandstone, and shale. In
smaller portion the materials are carried in solu-
| tion, and the deposits arve then called organie if
formed with the aid of life, or chemical if formed
without the aid of life.
| of chemical and organic origin are limestone, chert,
gypsum, salt, iron ore, peat, lignite, and coal. Any
one of the deposits may be separately formed, or
| the different materials may be intermingled in
many ways, producing a great variety of rocks.
Another transporting agent is air- in motion, or
wind; and a third is ice in motion, or glaciers,
The most characteristic of the wind-borne or eolian

| deposits is loess, a fine-grained earth; the most char- |

along which the rocks split easily, and these planes
may cross the strata at any angle. This structure
is called eleavage. Sometimes crystals of mica or
other foliaceous minerals are developed with their
lamine uppm‘iinmluly parallel; in such cases the
structure is said to be schistose, or chardeterized hv
sehislosily.

As a rule, the oldest rocks are most altered
and the younger formations have eseaped meta-
morphism, but to this rule there are important
exceptions.

FORMATIONS.

For purposes of geologic mapping rocks of all
the kinds above described are divided into forma-
fions. A sedimentary formation containg between
its upper and lower limits either rocks of uniform
character or rocks more or less uniformly varied in
character, as, for example, a rapid alternation of
shale and limestone. When the passage from one
kind of rocks to another is gradual it is sometimes
necessary to separate two contiguous formations by
an arbitrary line, and in some cases the distinetion
depends almost entirely on the contained fossils.
An igneous formation is constituted of one or more
bodies either containing the same kind of igneons
rock or having the same mode of occurrence. A
metamorphie formation may consist of rock of uni-

form character or of several rocks having common
The more important rocks |

characteristics.

When for scientific or economic reasons it is
desirable to recognize and map one or more
specially developed parts of a varied formation,
such parts are called members, or by some other
appropriate terin, as leafils.

AGER OF ROCKS.

GFeologic time.~The time during'which the rocks
were made is divided into several periods. Bmaller

acteristic of glacial deposits is till, a heterogeneous | time divisions are called epochs, and still smaller

mixture of bowlders and pebbles with clay or sand.

or beds which can be easily separated.
are called sfrafa.
gnid to he stratified.

Rocks deposited in layers are

Sedimentary rocks are usually made up of layers |
These layers |

period are grouped together into a sysfem.

| ones stages. The age of a rock is expressed by

naming the time interval in which it was formed,
when known.
The sedimentary formations deposited during a
m
The

The surface of the earth is not fixed, as it seems | principal divisions of a system are called series.
to be; it very slowly rises or sinks, with reference | Any ageregate of formations less than a series is
to the sea, over wide expanses; and as it rises or | called a group.

flContinnad on third page of cover, )



——

GENERAL RELATIONS.

The Patoka quadrangle is loeated in southwest-
ern Indiana and southeastern Illinois.  Its southern
boundary is only about 2 miles from the Ohio

River at Evansville, and itz northwest corner is

about 17 miles west of the Wabash River, which |
marks the boundary between the States of Indiana |

and Illinois.

It embraces the arvea between 1=1Ii—§

tude 33° on the south and 38° 30/ on the north, |

and between longitude 87° 30/ on the east and 88°

on the west, and includes one-fourth of a square |

degree of the earth’s surface. Its north-south
length is 34.5 miles, its breadth 27.2 miles, and its
area about 938 square miles. © It comprises four
15-minute quadrangles—the Mount Carmel, Prince-
ton, New Harmony, and Haubstadt—and includes
by far the larger portions of Vanderburg, Posey,

many of the smaller streams underwent important |

maodifications in consequence of the obstruction of
their valleys by the ice sheet or of the deposition
of glacial materials by the ice or by streams associ-
ated with its occupaney. In fact, the Wabash and
White rivers and Bonpas, Flat, and Big creeks
are the only large streams in the quadrangle that
follow their pre-Glacial valleys, and the positions of
all these except the latter have been more og less
maodified by glacial or other Quaternary deposits.

RELIEF.

The Patoka quadrangle exhibit# four rather dis-
tinet types of topography: (1) Rugged uplands,
(2) rolling uplands, (3) upland plains, and (4)
river flats. The last two resulted from the aceu-

{ mulation of unconsolidated material in relatively
| recent geologie times, while the first two, which

and Gibson counties and part of Knox County, in |

Indiana, and nearly the whole of Wabash and

parts of Edwards and White counties in Tllinois. |

The principal cities and towns included in the area
are Princeton, Mount Carmel, Grayville, New |
Harmony, Owensville, Hazleton, Patoka, Fort
Branch, Haubstadt, Cynthiana, and Poseyville. |
The name of the guadrangle iz taken from Patoka
one of the larger of the towns whose names have
not already been used for the smaller quadrangles.

TOPOGRAPHY.
DRATNAGE,

All of the drainage from the surface of the
Patoka quadrangle finds its way to the Ohio River.
A small area in the southeastern part of the quad-
angle is drained dirvectly into the Ohio by Pigeon
Creek, but the remaining portions of the area are
drained by streams that flow first into the Wabash,
in the western portion of the quadrangle, and
thence south to the Ohio. The Wabash River is
a broad stream, in some places over a third of a
mile wide, and next to the Ohio River is by far
the most important drainageway in the region.
[t enters the quadrangle from the north at a point
about 4 miles east of the center and flows in a gen-
eral southwesterly direction to (Grayville, near the
middle of the western border, whenece it runs in a
very irregular course southward and southwest-

ward, finally passing out of the quadrangle a little |

over 3 miles from its southwest corner. The next
most important stream is the White River. This
river enters the quadrangle near its extreme north-
east corner, and flows with a course about 8. 60° W.
until it joins the Wabash near Mount Carmel. Tt
receives no tributaries of importance within this
aren. The Patoka River, which in size comes next
to the White River, enters the quadrangle about 5
miles south of the northeast corner, and flows in a
general westerly direction, joining the Wabash
about a mile south of the mouth of the White
River, near Mount Carmel. Like the White
River the Patoka receives few tributaries of import-
ance in the quadrangle. Of the minor streams
Black River, entering the Wabash from the east

about 3 miles north of New Harmony, Bonpas |
E 3 z |
Creek, entering the Wabash from the north at

Grayville, Fox River, joining the Wabash from
the west near New Harmony, and Big Creek,
which drains the south-central portion of the
quadrangle, are the most important.

Before the advent of the great ice sheet which,
in relatively late geologic time, covered the north-

ern portion of the quadrangle and the region to |

the north, the rivers showed in their broader rela-
tions a noticeable conformity with the geologic
struneture.  The Wabash River flowed, in a general
way, near the center of the broad, low, synclinal
trough constituting the coal basin of Illinois and
Indiana, while the Ohio and the tributaries of the
Wabash “in  Indiana followed courses roughly
parallel with the dips.

1
| reduction to low

embrace by far the greater part of the area, have
resulted from the action of stream erosion upon
the hard rocks. The resistance of these rocks to

the quadrangle, the consequent relief depending,
therefore, upon the relations of the surface to the
drainage lines,

The general rule that the larger the stream the |
more will the surface of the adjoining areas suffer
and rounded forms holds good
within the quadrangle, except where alterations
were effected in the drainage system through the |
influehce of the Pleistocene ice invasion. Among

exceptions of this nature is the narrow valley, with |

rock outerops at short distances on either side,
through which the Patoka River flows near Patoka,
and the narrow valley south of the Illinois Central |
Railroad, through which flows Big Creek.
other hand there are broad and deep rock valleys,
now obstrueted by drift or sand, in which streams
are insignificant or wanting.  Such valleys occur
among the rock hills lying south of Hazleton and
north of Patoka, southwest of Prineeton and north-
east of Owensville, and north and south of Cyn-
thiana.
closing of old valleys by drift during the ice invasion
and the consequent deflection of the streams into
new courses, where they have not yet materially
widened their valleys,

Rugged ujjfr.mrf.ﬁ-.—Tn the group designated rugge d |
uplands are included the highest hills and ridges |
of the quadrangle. The type is developed on both
the drift and the rock hills, the former being most |
m:wpimmlm in the region north of Patoka and the |
latter in the region nurth northeast, and east of |

Princeton and in the area hetween Big Creek |

and the eastern edge of the quadrangle. In the |

latter area ridges several miles long, with moder- |

ately uniform crests, are numerons. As a rule,
they are sharp and narrow and are characterized by |
steep slopes, which are cultivable only with diffi-
culty.
numerong, are usually more or less V-shaped and

The minor channels, which are exceedingly

divides.
descents.

In the Ditney quadrangle, which is immediately
east of the Patoka, the higher points of the

In their upper courses they exhibit steep

uplands rige to nearly uniform elevations of from

600 to 640 feet, and are believed to be the remnants
of an old surface, almost a plain character,
which once extended over the whole of this region.

In the Patoka quadrangle, however, owing to the

greater maturity of the drainage, the reduction is
more complete, only an occasional peak rising to
the 6G00-foot level.

Petersburg road, 2 miles north of the same city, to |
645 feet, those north of Maxams station, hlJlli'}IE‘:iht
of Princeton, to 625 feet, and that northeast of St.
Jozeph to 605 feet. The development of the plain

of which these hills are supposed to be remnants is |
The pronounced drainage | considered in detail under the heading “Geologic

features have survived to the present time, but i history,” p. 6.

On the |

Both phases of discrepancy are due to the |

In addition to the high upland level just
described there appear to be traces of old land sur-
faces at lower levels, for there are a number of
rather extensive crests or flats-shown by hills at
elevations of 480 to 520 feet, especially at 500 feet.
Many of these flats have been found to be com-

topography, as in the regions south of New
Harmony, while others have proved to consist of
till or other drift deposits.
the same elevation, which indicate a
second and later plain that was formed at an ele-
vation of from 100 to 150 feet below the first. If
such a plain existed it was probably much less per-
fectly developed, and it seems likely that in this
region it was generally confined to the areas bor-
dering the main drainage lines.

Lolling uplands—In this class are included the
lower and less rugged upland surfaces.  The hills

near T'I.'l:’l:.r'

group. Their altitude seldom exceeds 550 feet,
Cand they usually exhibit smooth, gently rounded
forms.  The valleys are broad and relatively shal-
i low, showing gentle curves in cross section, and are

characterized by the low pitch of their streams, and |
The rolling uplands are |
best developed in the vicinity of the older drainage |
lines, especially in the region west of the Wabash |
The Claypole, Gordon, Mumford, Foots |

by broad, flat divides.

River.
| Pond, and other hills projecting above the Wabash

| the flatter portions of their tops belong to the
group next to be deseribed.  The sand hills along
the eastern border of the Wabash flats, the rock
hills southeast of Hazleton, around Owensville,
' and along Big Creek, and the morainal ridges |
between Princeton and Fort Branch, southeast of
Owensville, and near Poseyville and Cynthiana
: belong in the main to the rolling lll]-]illlt]lﬁ, though |
the steeper portions approach the previous elass in |
ruggedness,

Upland plains.—The upland plains consist
 broad, flat, or gently sloping surfaces standing
Can elevation of 500 feet or less and composed

at

| ice invasion or of loess or marl-loess deposited at a |
later period. The drift deposits are limited to the
' sloping drift plains east of the Princeton-Fort
' Branch moraine, the similar drift plains southwest
| of Fort er:dl, and a few flat hilltops of the |
Mount Carmel quadrangle, where the rock is at no
place far from the surface.

The most conspicuous of the upland plains are
the broad level or gently sloping marl-loess flats |
along the east side of the Wabagh Valley south (}f
the Black River and the smaller flats of the sa me |
| material southwest of Mount Carmel, on Mumford, |

Foots Pond, and Claypole hills, and at points near |

| Owensville and Hazleton.  These marl-loess flats

| lie at a maximum elevation of 500 feet above sea |
are separated from one another by equally sharp .

level or about 120 feet above the Wahash bottoms,

posed of stratified marl-loess overlying a rugged |

There are apparently, '
however, many more or less flat rock surfaces at or |

| are generally much smaller than in the previous |
1
erosion has been very nearly the same throughont |

flats are to be classed in this type in part, although |

of |

of |
deposits that accumulated during the period of the |

very uniform, being a little over 400 feet above the
sea in the higher portions of the Wabash flats at the
northern edge of the guadrangle, and about the
same in the White and Patoka river bottoms.
| There is, however, a gentle slope southward to a
| 370-foot level at the southwest corner of the
quadrangle. The low rate of fall has led to the
development of meanders, which, becanse of their
resistance to the free flow, cooperate with it in
giving rise to annual overflows that cover all but
the higher portions of the adjacent flats to depths
!m" several feet. This frequent overflow leads to
' many changes in the courses of streams, and
hayous and abandoned channels are common.

GEOLOGY.
STRATIGRAPHTY.

Derivation of the rocks—The rocks exposed at
the surface of the Patoka quadrangle are of two
types.  They include not only those firm, hard
beds which every one at once recognizes as rock, but
also the loose, unconsolidated deposits of silt, sand,
glacial till, ete., likewise considered by geologists as
rock, which oceur as fillings in the valleys or as a
mantle of greater or less thickness over the general
surface of the quadrangle.

The materials of which the harder rocks are
composed were in the main originally derived, in
the form of gravel, sand, mud, ete., from the wear-
| ing away of some old land mass under the action
of streams or waves, the resulting waste being car-
ried to the margin of the seas then existing and
there deposited as stratified, sedimentary, or frag-
mental rocks. As time has L]cl}_}'-?-{,l.i these beds have
been gradually solidified by the chemical deposi-
tion of matter about the grains of which they are
'mmpnqwl the material thus deposited acting as a
:u*nwnt to bind the arains tuf_,vthm into a solid
!

mass.  Besides the materials derived from older
land masses, beds of shells and marls, sometimes
many feet in thickness, were formed beneath the
sea, and beds of peat accumulated in the swamps
| and basins along its borders. The former, like the
fr.'-t_{_’;ll]{‘:'l!lt:!] rocks, were cemented largely by the
mical deposition of matter between the compon-
| ent grains, while the latter gradually became hard-
! t.nr.t.i to their present form through the loss of their
| volatile and unstable portions by oxidation, only the
| carbon and its more stable compounds remaining.
The materials of the unconsolidated or surficial
rocks were derived from the underlying consolidated
| rocks or from other rocks lying nor th of this areq,
Ismm_- from sources even as far distant as Canada.
In I’I"Il"t these materials were laid down by streams
and rivers, and in part by the direct action of an
| ice sheet which was similar to that now covering
thL aurface of Greenland, and which in the early
| part of the present geologic period started in the
| far north and spread out over nearly the whole
of the northeastern portion of North America.
| The Patoka quadrangle is located at the outer

They frequently exhibit floor-like flats at this alti- | limit reached by the ice sheet in this region, the
tmh-, although sloping terraces, as in the Mumford | boundary entering it from the east near Pigeon
Hills and along the north side of Big Creek, ave | | Creek, k, and passing southwestward to a point about

The hills on which the Prince- |
ton standpipe 1s built rise to 610 feet, those on I'hl"

more Common,

Biver flats.—All of the rivers and large streams,
and also many of the minor streams, flow through
' broad, flat plains of silt or of sand and gravel,
' which are generally overflowed, at least in part,
each spring.  Wells sunk for water show that the
thickness of these silts and sands ranges from a few
feet in the minor valleys to 150 feet or more in the

wells are known in the portion of the Wabash or

| White River flats lying within the quadrangle, but |

the thickness of the deposits is probably 200 feet
| or more. In the process of the upbuilding of this
considerable thickness of sediments the minor
hills and wvalleys have been entirely obliterated,
only the higher prominences rising as “islands”
| above the flats.

valleys of the Patoka and Bonpas Creek. No deep |

The general level of these flats is .

| 1% miles north of the sonthwest corner.  The south-
ernmost point reached iz in Illincis some distance
west of the quadrangle. The materials deposited
by the ice or by the water flowing from it probably
do not anywhere in the quadrangle reach a thick-
ness of muech more than 200 feet, while the depos-
its laid down since the disappearance of the ice
are of slight importance, except the marl-loess
deposits along the eastern borders of the Wabash
Valley and the plains and dunes of the Wabash and
White river valleys. Even these are supposed to
have been connected with later invasions which,
though furnishing material to the waters of the
region, did not actually reach the Patoka quad-
rangle.

The older consolidated rocks reach a thickness
in southwestern Indiana of several thousand feet,



though probably not more than 400 feet are
exposed in this quadrangle. These strata exhibit
many alternations of sandstones, shales, limestones,
and coals, but they may be gronped by their litho-
logic characters into five formations, which, in
ascending order, are the Millersburg, Somerville,
Ditney, Inglefield, and Wabash. Certain beds of
the last named, though not warranting designation
as formations, are nevertheless very persistent, espe-
cially in the southern portion of the quadrangle,
and in the case of the coals, are mapped. All
of the formations belong to the Pennsylvanian or
“(Cloal-Measure™ geries of the Carboniferous system.
Their general characters and relative thickness are
described in some detail in the following para-
eraphs, and are shown graphieally in the geologic
column at the end of the folio.

General geologic relations.—While in a broad
way it is possible to consider the geologic basin of |
the Mississippi region as coextensive with the
physiographie basin, the former has less unity than
the latter.  During very early geologic time, how-
ever, and thronghout many subsequent geologic
periods, the larger part of the south-central portion
of North America was covered by a sea which
extended from the region of the Gulf of Mexico on
the sonth to that of the Great Lakes on the north
and from near the eastern limits of the Appa-
lachian Mountain system on the east to the Rocky
Mountain region on the west. Over the bottom
of thiz broad basin there were deposited beds of
sedimentary rocks, including limestones, shales,
sandstones, and conglomerates, the limestones pre- |
dominating among the lower beds and the sand-
stones among the upper, and the whole probably i
reaching a total thickness of from 4000 to ."J{"]'[J{'.I'i
feet. These rocks were originally depogited in a |
horizontal position, but were afterward subjected |
in places to broad, gentle warpings, giving rise
to broad, low rock domes, from which the beds dip
cently away into basins that are equally extensive |
and equally shallow. The Patoka quadrangle is |
situated a little to the east of the center of such |
a broad, shallow basin, which lies between a broad |
dome known ag the Cincinnati anticline on the east
and a similar low, flat dome in Missouri. This
basin is known as the Illinois-Indiana coal basin
(fig. 1), and into it the rocks dip gently from all

Fra, 1.—0Outline map showing the relations of the Patoka
quadrangle to the Ilinois=Indiana coal field.
The eonl Aakd is represanted by the obliquely ruled area.

directions.  In the Patoka quadrangle the rocks
belong to the upper (sandy) portion of the great
series of sediments occupying the Mississippi Bagin,
and present a dip to the west averaging about 17
feet per mile.

Carboniferous System.

Millersburg formation.—"The Millersburg forma-
tion includes the sandstones and shales between
the bottom of the Millersburg coal and the base
of the lower limestone of the Somerville formation.
The coal outerops in the Ditney quadrangle, lying
immediately east, and is encountered in shafts and
wells about Princeton and elsewhere, but is no-
where exposed in the Patoka quadrangle. Under-
lying the Somerville limestone in hills in the
southeastern corner of the quadrangle, however,

2

nearly 120 feet of the formation is exposed. The
coal is here reported in wells at 50 feet below the
flood plain, making the total thickness of the for-
mation about 170 feet, or 20 feet greater than at
Lynville, Warrick County, where one of the best
exposures is found. The name is that used in the
Ditney folio.

This appears to be one of the most variable of
the formations of this region, the wells or borings,
even where close together, often showing marked
variations in character of materials penetrated.
‘omplete sections of the formation are afforded by
the borings and shaft at Princeton (see section
sheet), but in the southern portion of the quad-
rangle, where the formation is at the surface, no
detailed sections conld be obtained. The following
section, taken at the Ingleside mine,” Evansville,
about 2 miles south of the southern border of the
quadrangle, gives all but the upper few feet of

the formation, while the generalized section shows

the character of the upper 36 teet.

Reetion in Mngleside shaft, Keanseilfe

| It has undergone some solution along joint planes,

of Hazleton, sandstone begins within a short

Thicknpss, Irapatts,

Foat, Tneles, Fast, Inches,

Clay and allavial sand........... 20 0 a9 0
Clay and shale............. fil ] a0 0
Shaly eoal and fire elay ......... LR 0z 1]
BEndstons - csoinniniiinaisarns 4 i3 87 3
Siliceons clny shale . .covovuinainn, 12 9 110 B
Shale and ironstones. ............ ] H 1165 11
1| et s DA D D 10 1106 0
Ferriferons sandstone ........... (] i 124 i3
Fire elay with sandstone iron. ... 12 B 186 ]
Sandstone (ferriferons) .......... 13 1 148 10
L e e s e e R ok 1 )] 140 10
BATASEOTIA & o venasnnisssnesnsnanns 5 i 157 H]
Millersburg eoal (< Coal VII” or

“Little Newborg™) . ...ovnees 2 11 100 2

Feneralized seclfon of wpper part of Millersimrg formation.

Thickness Tepth

in feet. in feat.
Lightelagshale . @.......ccoiiisisinaianana. 10 10
Fine brownish sandstone. . ... ....oovenvnnenas 7 17
Bandstone (reported in well).................. 1 23
e LT i e e e A et Ry o i a7
Greanish clay ahmle. . ..cccorennrarrse svatannn 3 a2
Clay shale (reported in well)................. 8 40

Boft, snndy, greenish to bluish shale with nod.

mles of Iron OF8. - .. .. e ima s e n s 10 il
Blugelnyahale. .....c..oivuviiinanniinsnns ] 58
A AR, s e o e i e e e i i)
Hard, gray sandstone . ..........cc0c0nn 0 4 i
Bandstone (reported in well). ...l 20 i}
Bloashnle, . ..ooseceiininsinasomengeressmms 10 HE)

Somerville formation.—The Somerville formation
in general is essentially a double bed of hard lime-
stone with a parting of shale. The name is that
used in the Ditney folio. The formation outerops |
along the eastern border of the quadrangle from
its southern limit to the vicinity of Pigeon Creek |
east of Haubstadt. From here there iz a break in |
the rock hills to a point east of Princeton, and |
again from the Patoka River to near Hazleton.
The limestones outeropping in the ereek bottoms |
2 miles northeast of Princeton and at the foot of |
the bluff about the same distance east of Hazle-
ton probably belong to the Somerville formation, |
although the beds ean not be actually connected
with the undoubted outcrops of the formation
found farther south.

' to the southern limit of the quadrangle it continues
' to hold this relation, except at a few points where
4 or 5 feet of the Ditney shales intervene.

' from north of the Patoka River to Inglefield—a

from a compact to a fossiliferons fragmental texture. |
The bedding planes are frequently 3 or more feet
apart, giving rvise to large blocks on weathering.

the widening being sufficient in eases to cause a
settling of the overlying shales into the cavities,
forming “dikes” of shale fragments (fig. 7). |

Ditney  formation. — The Ditney formation |
embraces all beds from the top of the Somerville
formation to the base of the Inglefield sandstone.
It appears to be composed of the ordinary succes-
gsion of sandstones, shales, and efals, so character-
istic of all Carboniferous formations, although in
general the shale predominates. A typical section |
is shown by the following well record at St. James:

Section of Ditney formation én well af 8L, James,

Foat. |
TN L e R e o T Ly a0
Rotbem conl. . .oooe o ivmminiinirsssmn s e s s I GO |
Good conl (DY COBRLY +vorinaiarsrcssrsnsannnniisans 2
R e A By e e e et i i s e e O 12

In the northern portion of the quadrangle, east

interval of the limestone, the Ditney formation, if |
present, being limited to a thickness of a few feet. |
At Townsend’s quarry, north of Princeton, and in
the wells in and near the town, a considerable
thickness of the Ditney shales is found, together |
with an ineluded coal, as at St. James and else-
where, East of Haunbstadt the formation is about
50 feet thick, but its thickness decreases rapidly
gouthward, being 45 feet near St. James, 400 near
Staser, and 20 at Inglefield. A mile and a half
south of Ingleficld the Inglefield sandstone rests
directly on the limestone, and from here southward

West
of the Illinois Central Railroad, however, the shale
is more persistent, though it is usually not over 5
to 10 feet in thickness,

The sudden replacement by the massive Ingle-
field sandstone of the thick shale bed that persists

replacement that takes place within a Torizontal
distance of not more than 75 to 100 feet in the
ailroad cut south of Inglefield (fig. 2) and the

w0 Lacovel d_‘ﬁf! al
Fig. 2.—8keteh seetion showing probable erosion uneon-
formity between the Ditney and Inglefield formations in
railroad ent at Inglefield, Ind.
Cd, Ditney formation; i, Inglefiald formation.

patchy character of the shales thronghout the south- |

" eastern portion of the quadrangle (fig. 3) lead to |

the belief that there was probably an erosion inter- |
val between the deposition of the Ditney and the
overlying Inglefield sandstone. This erosion inter-
val has been correlated by the Indiana geological
survey with the marked unconformity at the base |
of the Merom sandstone in Parke, Fountain, and |
Vermilion counties, I1l., but the correctness of the |

| gate of 60 feet of sandstone.

»

section, measured along the railroad south of the
deep cut northeast of this town, shows the charae-
ter of the formation at this point very perfectly:

Section af Inglefield formation near S Joseph.

Foot,
Unexposed interval below Parkerconl ........0000000 40
Bandstone, soft and sometimes shaly .. ............... 20
Hay ahale, Biadah s o ol s i e e e 5
Bandatone, soft, bl .. ..o e e e s 10

Bandstone, highly ferrnginons and honeveombed with

ecavities left by solution of ealeareous fossils. ... .. 14
Bhale, light argillaceons to sandy........ocoviinnians &
L T b b oI e AT 100 TR o o B o1 H
Sandstone, lght, micaceous, and shaly............... il
g e T L e oy e ) Ve 8
Bandstone, white........covnriniurrsrinansrnsnnaaa, 1
Bhale, light, argillaceons ... ......ovevercares 10
Sandstones, light, and friable, coarser near boitom. .. 40+
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Owing to the massive character of the sandstone

' beds in its lower portion, outerops of the Inglefield

formation are more common than those of most
other formations. In the valley east of St. Joseph
it outcrops as a series of cliffs showing an aggre-
The faces of these
cliffs are frequently vertical and are often marked
by cavities and other sculptural effects resulting
from disintegration due to the action of the weather,

| The sandstones are, in large part, of a buft' color,

thongh gray or even nearly white varieties were
noted. Some of the beds are brownish, but the
darker red, brown, or purplish tints are usually
of local occurrence and are evidently the result of
weathering. The name of the formation is taken
from Inglefield, a station on the Evansville and
Terre Haute Railroad about 7 miles north and 34
miles west of the southeastern corner of the quad-
rangle, just south of which the sandstone, with
probable basal unconformity, is well exposed in the
railroad cut (see figs. 2 and 6). It has been corre-
lated by the State survey with the Merom sand-
stone, formerly quarried near the village of Merom,
Sullivan County, Ind., and this name has been
used in the reports of the Indiana survey since
1870. Recent field work, however, has served to
throw grave doubts upon the exactness of the cor-
relation, and the name Inglefield has therefore been
given to the formation.  In the southwestern por-
tion of the State it appears to have an average
thickness of from 110 to 150 feet.

Wabash  formation.—In this formation are
included all of the shales and sandstones, with an
occasional thin limestone or coal, lying above the
top of the Inglefield formation within the limits
of the Patoka quadrangle. The generalized sec-

tion given below, measured from the top down-

ward, indicates the character of the formation,

The Parker coal, with overlying black shale and
limestone, though each is oceasionally absent, con-
stitutes a persistent horizon which has been chosen
as that of demarcation between the Inglefield and
Wabash formations.  Its outerop outside the drift
area is shown on the geologic map, but inside the
drift limits it is difficult to trace. The thin coal
about 70 feet above the river at Patoka, the coal at

kol Inglefiell formation,
]
I Ditney formntion,

Homarville formation.
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FFeet

Fia. 8. —8keteh section showing relations of Somerville, Ditney, and Inglefield formations in exposure 1 mils northwest of &ipp, Ind.

Thex Diitney formnion here has a sandstons parting with ircegular or uneonformslde relations,

The following sections show the character of the | correlation can not be determined until the inter-

formation at different points:-

Section in Kuwrlz well, northeast of Princelon
{vee. 5, T' 28, R 10 W.).

Feet,
Limcstonein Bamds. . ccoo.coee s rnvusnesneautbasinssns 15
LR G F o A O eI o A S 8
Gray lmestome, . coovreraranmsnsemsmmearnagpypnnnansas 2%
Seetion in Hoffman well, Fort Branch.
Faot.
LV T e ] - RO PR gl T e e e 8
Nay shala andd Bre elay. .. couu e e sbosansnnniesns 18
IR T 7Y 1 e e ey o Py (e S 8
Seclion along creek & miles east of Slaser.
Fat.
1] g T S e S A S g e 10
Covered, sandstone fragments, .. .ccocavvssanasrarnans 2
Limnostome . ..vossnnsrraarannsnsnansanssnssmnianinnnns a1
Section ¢n guarry, I mile northwvest of Zipp.
Feat.
B F 11T e (P S i SRl L P e S i
Grny, purplishghale. ..........coiin i ]
LES

I - PN

In character the limestone is uniformly hard,

| the top of the SBomerville formation and the

but varies from light to dark gray in color, and |

tCollett, Seventh Ann. Rept. Geol. Surv. of Indiana, p. 263, Labout 150 feet near St. Joseph.

| separated by a few feet of shale.

mediate area has been mapped in detail.
Ingleficld formation.—The Inglefield formation
includes the prevailingly sandy beds lying between

Parker coal, at the hase of the Wabash formation.
At the bage there is always a massive sandstone, in
some places having a thickness of at least GO feet,
as in the series of bluffs in the valley east of St.
Joseph.  This basal sandstone, however, is fre- |
quently replaced by a number of thinner beds
In most of the
exposures the upper portion of the formation is of
a shaly character, although, in some instances, as
near St. Joseph, the formation is sandy through-
out, though doubtless separated into several beds
by shale partings of a few feet in thickness, and
exhibiting rapid variations in thickness and char-
acter, frequently terminating abruptly. The total
thickness of the formation varies from about 110
feet at the southern border of the quadrangle to
The following |

Feneralized section of the Wabash formation.

Foeot,
o0 sy B b P s A O it o 1 Mo o 5 e RS 2 15
Shale, ete. with 6-inch loealeoal. . ... ...occiiivisnans 20
Sandstone, heavy bedded.........c.oooiniiliaiias 15
Shole, port Dot BOBIL . . . v cvuvnnirisnnanas s inana s 25
Bhnle, BT OO - - = - -ie o s mn nne el e A i e =
Fhale, blue and argillaceons.... ... .coivieiiiiiinae 8
Limestone, soft and shaly to very hard. .............. 4
AlArich a0RL . i oxr sersmseanraan e e 1
(R e e - 0 B 00 = 5 Do Bt S S & 2
1 T byt | R e, T L e Rt SRR e e s 1
Sandstone, soft and sometimes shaly l HADCtone 0% 8
Bandstone, locally poikilitic 5 Lt "LI 20

: e s oA . Pt Hills, ete,
Limestone, hard, gray, and fossiliferous......... ..., 3
Bhale, blagk. . ..-cciaisessnsnnnsn B
Friendeville ooml. . ..o oo ciisnnmnncnne s snasnsnssan 2
1 L P B P g S s 1
SBandstone, massive or eross bedded ?_bm:.h:g:l: O kol
Sandstone, light gray and micaceons !| Hli;:at, t:tu 15
Limestone, or ealeareons and fossiliferous sandstone.. - 3
Bhale, bIaok . .....cvarcairarrasnaiiatiaramataraniasnes i
PAYKET O08L. o« cn v o e nsisme e aam s s s 88000 AR 1
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or near the same level in the bluffs 2 miles north-
west of that town, the thin coal near flood-plain



level on the sonthwest side of Gordon Hills, and
the conl in the hills northeast of Owensville, are
believed to be the Parker ¢oal. The coal is gener-
ally very impure, approaching in places a sheety
shale—a shale composed of very thin, tough, sheet-
like layers. The limestone runs from 2 to 4 feet in
thickness in the southern half of the" “quadrangle and
is frequently fossiliferous. In places it merges into
fl |]{>]1(!}'{’Utlllli‘t1 sandstone, the cavities of which are
due to the solution of fossils and other caleareous
materials of the original sandy limestone, At
Patoka and elsewhere in the northern halt of the
area the limestone iz absent, the coal and the over-
lying sandstone bed marking the horizon. It
derives its name from Parkers Settlement, just east
of which it is well developed in the uplands.

The heavy sandstone just above the Parker coal
and its associated limestone, next to the Inglefield
formation, is the eliff-making sandstone of the
quadrangle. It ounterops at the base of the bluffs
in Gordon Hills, in Claypole Hills, and at Grand
Rapids, Hanging Rocks, and Skelton CLiff. In
the last two places it forms vertical or even over-
hanging eliffs of bare rock from 20 to 40 feet in
height, which are the most striking natural out-
crops of this portion of the Wabash Valley. In
the southern half of the quadrangle what is prob-
ably the same sandstone outerops at many points
on both sides of the Posey-Vanderburg county
line south of St. Wendells, but to the south and
west it appears to be generally replaced by more
shaly beds.

Overlying the sandstone just deseribed is the
Friendsville coal and fire clay, so called from their
ti\'l'lit'ﬂl l_ll_'!\'{‘l“l}“l{‘”t :ll]nut ]"]'il'l]l]svil]l". rJ.‘]]E' m:l]
is best developed in the region between the Wabash
River and Bonpas Creek, where it has an average
thickness of about 3 feet. It is in many places
overlain by limestone, in the
region just mentioned, is by no means of general
In the southern half of the quad-
rangle the limestone and not the coal is most com-
monly present, the limestone there having a thick-
ness of from 2 to 6 feet, while the coal rarely
measures over a foot in thickness. West of the
Wabash the depth of the coal below the surface is
shown on the geologic map, but in the remaining
portion of the quadrangle it is of no importance.
The horizon of the Friendsville coal is about half
way between the Aldrich and Parker coals.

Above the Friendsville coal ig a thick sandstone
of variable character, which is typically exposed at
the base of the Mumford Hills and which also
occurs at a number of points northeast of New
Harmony. It is gray to buff in color, and in the
last-mentioned region is marked locally by the
ocenrrence of poikilitic erystals of caleite—that is,
by arveas of rectilinear outline in which a caleite
cement has been deposited, inclosing instead of
replacing sand grains and giving the rock a por-
phyritic aspect on fresh fractures. In the northern
half’ of the quadrangle the sandstone is found in
many of the wells, shafts, and borings that reach
the Friendsville coal, but its occurrence is not so
persistent ag in the southern half of the area, and
it is more frequently replaced by shale.

The Aldrich coal or the overlying limestone
forms a rather persistent horizon, the outcrop of
‘which in the region south of the drift border is
shown on the geologic map. It may be recognized
alzo along the Wabash bluff at New Harmony and
sonthward, in the Mumford Hills, at the Illinois
Central Railroad bridge south of Grayville, in the
river bluffs at that town, in a bluff' facing Bonpas
Creek 3 miles to the northeast, at MeClearys Bluff,
in the bluff at Rochester, and probably at a num-
ber of other points.  The limestone appears to be
absent in the region north of Grayville.

The portion above the Aldrich coal and lime-
stone ig nowhere shown in itg entirvety, this portion
of the generalized section being made up from
exposures in the bluffs at Grayville and in the
high hills northeast and north of that town.

which, however,

OCCUrrence.

Tertiary System.

The only beds intermediate in age between Car-
boniferous and Quaternary are the bright-colored
sands and gravels capping the two high knobs
about 2 miles north of the court-house at Prince-
ton. The section here is given in the next column.

The coarser material of the gravel bed consists
entirely of chert and quartz pebbles from 1 to 3

Patoka.

3

inches in diameter, coated with a bronze-colored
enamel of iron oxide. The matrix is of finer gravel
and sand, which in places is cemented into a firm

Seetion of Tertiary and other beds 2 miles north of Princefon.

Fuat,

Guaternary:
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Till (fragments from Tertiary beds predominating). .. 4
Tertiary:

Gravel (iron-stained cherts, ote., partially cemented). 2

Sand and elay (red to orange in eolor)................ 4
Probably Carboniferons:

Gray to white muul {(probably deromposed sandstone) §
Carboniferons:

Gray gandy shale. . ... ..cccvesniesinisnisnsinanrivian. 13

bed by the iron oxide.
ate are found in the overlying till.
cation of the Tertiary beds is horizontal.

The altitude of ’rhu basze of the th:*]mslls is ahout | suggest the possibility of the occurrence of an
610 feet above =ea, a level which is but slightly | earlier drift sheet, but further studies seem to show
| that no such sheet exists in this area.
' noian soil zone, the soil and weathered zone of the

lower than that postulated for the early Tertiary
peneplain in this region. Taken in eonnection with
deposits of similar character and altitude in the
vicinity of other pronounced drainage lines—as in
the south bluff of the East White River 2 miles
southwest of Shoals, Ind.; in the bluff of the Ohio
River back of Tell City and Cannelton, Ind.;
near Brandenburg, Meade County, Ky.; and near
Rosebud, Pope County, Ill.—the Tertiary beds

‘appear to have accumulated as stream deposits

along the rivers either of the peneplain or of the
slightly uplifted surface. They are believed in a
general way to be contemporaneous with the Irvine
formation which caps the hills along the Kentucky
River in the Richmond quadrangle (see folio ‘lE:-j
and elsewhere in Kentucky.

Quaternary System.

The deposits which in North America character-
ize the Quaternary period as a whole are of three
classes, and embrace (1) those whose deposition
wig associated, either directly or indirectly, with
the presence of the great ice sheets which at several

Masses of this conglomer- | nnh’ one, the Illinoian, is known to oceur within
The stratifi- | the Patoka quadrangle,

' The records are given below.,

stages during the period covered large portions of |

the northern half of the continent; (2) those which
were deposited through the ordinary influences of
wind and water in the intervals between the stages
of glacial invasion; and (3) those which have been
deposited by similar agencies since the disappear-
ance of the ice of the latest advance. The first are
known as glacial, the second as inferglacial, the
third as peslglacial or recent deposits, The mate-
rials of these deposits can not always be referred to
a gingle definite clags, -however, for in many
instances the deposition has continued through
more than a single stage.

GLACIAL AND INTERGLACIAL DEPOSITS.

Definitions. ial deposits consist of mate-
rials that have been picked up by the ice sheet
or dragged along its bottom during its southward
movement, or transpozted by its associated streams.
The material hag all been moved from its original
location, and is therefore known under the name of
drift. This drift was frequently deposited directly
by the ice, being either set free by the melting of
the portion into which it had been frozen, or simply
left behind as a sheet heneath the ice, as the frietion
between it and the overridden surfaces became so
great as to cause lagging and lodgment. The drift
liberated by either of these methods usually con-
gists of a heterogeneous mixture of all grades of
material, ranging from clay to large bowlders, and
is known as fifl.  Drift which was not deposited
directly from the ice, but which was taken up and
transported by glacial streams and finally deposited
in more or less stratified masses, is known as sfrafi-
Sied or modified drift.

Glacial stages—While subdivisions of the drift
are not usually apparent from superficial study,
detailed examination of its strueture and its general
distribution and associations shows that, instead
of there being a single sheet formed by one ice
advance, there are in reality several distinet drift
sheets, each of which represents a separate ice
advance. The intervals of deglaciation or disap-
pearance of ice between the advances are made

apparent by the presence of soils, by beds of pmt'

and marl, and by the weathering of certain zones
now buried in the midst of the drift dﬂ]mmtq
sheets themselves differ markedly in extent, and
often in color, composition, and other physical
properties, and these differences, together with the
morainal ridges marking the varions positions of

The |

[ (2)a well in the outwash gravels in NW.

the ice margins, form the basis for the subvision of
the (Glacial epoch in North America into nine
stages, as follows:

Talile of glacial stuges.

Pre-Kansan or sub-Aftonian glaciation.
. Aftonian deglasiation.

. Kansan glaciation.

. Yarmouth deglasiation,

. Ilinoian glaciation.

. Bangamon deglaciation.

lowan glaciation,

. Peorian degliciation.

. Wiseconsin glaciation (Intest stage).

B 00 =] O3 O s 0O Booe2

Of the drift sheets of the various stages deseribed,

Certain features of the
| deposits in the Ditney quadrangle, on the east,

A pre-Illi- |

Sangamon stage, the silt deposits (loess) of the
Towan and the early part of the Peorian and Wis-
consin stages, and the terraces, {lulu'ﬁ, and loess
deposits of the Wisconsin and later stages are,
however, well represented in the area.

DEPOSITS EARLIER THAN THE LATER ILLINOIAN DRIFT.

Lignites, soils, and ofher organic df’pn-wfx "-'I..{J';l‘f:-,
more or less carbonized on the exterior, “coal |
streaks” (lignite), zones of black muck, and other
organic deposits, have been reported in wells at |
considerable distances below the Hui*htw of hoth
morainal and valley deposits at many points. |
Among such wells may be mentioned: (1) one
occurring in morainal deposits in SE. 1 sec. 21,
T. 28, R. 11 W., 4 miles southwest of Princeton;

 sec. 17,
T, 3 8, R. 10 W., about a mile northeast of Fort |
Branch, and (3) a well starting near the level of
the high stream flats 13 miles west of Keenshurg,

Record of well (1) in moraine southwest of Princefon.

Fuet.
BOrTams BOIL. « v vvvsnr smcm i mm SR B b |
Blue clay, with pebbles and oecasional geodes, ete. | |
e e el - e e e e e 1
L oy [ T S £ e - L TRl S S e 1+

Section of well (£) in ontwash gravels northeast of Fort
Braneh.

Feat.
Bloe mud with sand and sometimes with pebbles . ... 96
Sand (semi-consolidated) .........ccoonn i, 4
Blue mud (abundant water bringing ap nmmeronus
“hlack onk " leaves)....c.cvcviiiiiiiiiiiinnaanans |
Section af well (5) on sandy fats west of Keensbirg.
Fret,
Band and quicksand (donesand) ......... ... 15
Elue mud, moetly clayey . ...ooevenismnrencninainnans T
Toreeorded ...ccovveurenissssmarmsnsntansssaisssnnnns i
e T o0 e e S T P 1
Gravel at top, remainder unrecorded. . ... ....... ik VI
Limestone (first consolidated roek) ...... . oicivaiea
In almost every instance the lignite, muck,

and leaves are found just below the variable “blue
mud” of the drillers and beneath the lignite there
is generally a water-bearing gravel.  Most of the
wells stop in this bed and therefore afford no infor-
mation as to the depth and character of the bed
rock, but in a few records, as in that of the Keens-
burg well, a considerable thickness of unconsoli-
dated material intervenes between the vegetable
matter and the solid rock. No samples of this |
underlying material have been seen, but from l
descriptions it appears to be similar in character
to the deposits near the surface. This Qll;’.{ﬁ("ﬂﬂ
that the time of origin of the lower beds was not |
very much more remote than that of the upper |
beds, and would seem to indicate that the lower |
beds belong simply to an earlier portion of thf-!
Illinoian stage. This is borne out by the apparent |
absence of the lignitic zone separating the sur ficial |
deposits in the region south of the recognized limits |
of the ice invasion.

Absence of pre-Illinoian drift.—In the survey
of the Ditney quadrangle, adjoining the Patoka
quadrangle on the east, considerable quantities of
reddish stratified and sometimes partially cemented
sand and gravels, with slightly stained chert and
quartz pebbles, and an occasional crystalline frag-
ment, were found outside the limits of the till sheet
proper. These were mapped as outwash gravels,
 though it was suggested, because of their oxidized |
dml somewhat weathered characters, .that I.Img.'
might possibly belong to an invasion preceding the
Illinoian. The more extended studies made in

connection with the survey of the Patoka guad-

rangle have shown that the stained eondition is a
characteristic possessed by many undoubted Illi-
noian deposits of the same composition. This
feature is, in fact, well shown in nearly every expo-
sure in the morainal hills. It is now believed that
in this area there is no evidence of deposits earlier
than those of the last Illinoian invasion other than
that presented by the wells in which gravels and
other loose materials occur below the lignitic layers,
at congiderable depths from the surface. It seems
practically certain that in the upland exposures
evidences of the existence of more than one drift
sheet (exclusive of the loess) are wanting. The
pre-Illinoian age of the loess in the canal bank
1 mile southwest of Francisco (2 miles east of

| Maxams), which was suggested in the Ditney folio,

is likewise now believed to be improbable, as later
work has shown that the materials are probably
mainly Sangamon or Iowan.

ILLINOTAX DRIFT.

Till sheet—The only deposits known to have
been laid down by the direct action of the ice
within the Patoka gquadrangle during the Illinoian
invasion are those belonging to the till sheet depos-
ited beneath ice of that invasion by the melting of
the basal débris-laden layer or by the lodgment of

; débris, as previously explained.

In the region under consideration the matrix or
body of the till thus deposited consists of a more
or less sandy clay, which was derived partly from
old soils or earlier drift sheets and partly from the
grinding and pulverizing of fragments of sand-
stones, shales, limestones, ete., which had been torn
from the parent ledges by the action of the over-
riding ice. In this clayey matrix are embedded
angular or moderately well-rounded fragments of
rock varying from mere chips to large pebbles and
even to bowlders several feet in diameter. Rock
fragments showing surfaces that are smoothly pol-
ighed or striated by friction with overridden rocks
are much less common than in many glaciated
areas, especially those of harder rocks, but a con-

| siderable number have been observed within the

quadrangle.  The fragments were generally less
than an inch in diameter, and were mainly of hard

| rocks, such as outerop at points far to the east,
' northeast, or north, many having been derived
even from beyond the Great Lakes.

Many varie-
ties of rock are represented, the more common
being granite, diorite, quartzite, quartz, flint, and

jasper, the first three, and possibly the fourth,

being derived from the Great Lakes region or
beyvond, and the remainder probably mainly from
the Silurian and Carboniferous limestones to the
northeast.

The soft sandstones and shales that underlie the
till in this region and that probably furnished the
larger part of the material of the finer portions of
the till are not commonly represented by pebbles
or hbowlders, though a few fragments of somewhat
massive sandstone and of limestone have been
noted. The pehbles known to have been derived
from the Great Lakes region or beyond are almost
universally well rounded, but the flinty pebbles
from the limestone areas, though they have lost
their sharp edges, still present a rather angular
appearance. The local bowlders, being of rela-
tively soft and friable materials, generally exhibit
considerable rounding. The weathering of the
granite and diorite pebbles and bowlders varies
gl'mtly, some being hardly stained even on the
| exterior, while others are almost completely disin-
tegrated. Most of them show a weathered zone
that reaches an eighth or a quarter of an inch
| inward from the surface. It seems pmlml}]L that
the variation in the extent of weathering is due
largely to differences in composition or to the stage
to which incipient weathering had advanced at the
time of the removal of the fragments from their
parent ledges.

The texture of the finer portions of the till
varies greatly, probably depending upon the nature
of the rock from which it was principally derived.
Where shale appears to have furnished the larger
portion of the material the till is generally very
clayey, and is of a gray or bluish-gray color in its
unoxidized portion. Where sandstones have fur-
nighed much material the till is sandy, and varies
in eolor from a rather deep buff in the moderately
oxidized portions to a deep red in the upper and
more strongly weatherad parts, The limestones in



the Patoka quadrangle appear to have been of too
limited development to have had a marked influence
upon either the eolor or the composition of the till.
The till within the quadrangle is usnally oxidized
to a depth of 7 to 10 feet, or even more, the unoxi-
dized portions being rarely seen, except in unusually
deep cuts. In the oxidized portions the color is
ordinarily deep buff to brown, but reddish tints
are very common in the sandier varieties,. The red
type of till frequently gives evidence of incipient
cementation by iron oxide, but the solidification is
usually less marked than in the stratified sandy
layer formed as an original deposit by the glacial
streams or from the reworking, by water, of the red
till.

Sections giving accurate measurements of the
thickness of the till are uncommon, and are gener-
ally =0 located as to give only minimum thick-
nesses. Wells have afforded data of great value as
to depth to the rock, but usually little information
can be obtained as to the exact nature of the
material penetrated. In general the thickness of
the till, though showing great variation, may be
said to be slight, and usually ranges from 2 to 15
feet, though oceasional exposures show much
greater amounts. A typical exposure is ghown in
fig. 8. The broad plateau-like plains that stand at
congiderable elevations above the valleys and that
are g0 conspicuous in the Ditney quadrangle, to the
east, are not represented in the area under discus-
gion. In the moraines and other thick drift depos-
its, stratified sands and gravels predominate almost,
if not entirely, to the exclusion of the till.

Drift pleins.—At many points within the quad-
angle, especially at the lower levels, there are more
or less extensive drift flats that usually stand a few
feet above the older and highest stream silts.
Because of their low relief exposures are rare and
usually indecisive, but the flats generally oceur in
positions unfavorable for lake deposition and
appear to merge into the sloping till plains of the
upland hillsides.  They are, therefore, thought to
belong to the unstratified rather than to the strati-
fied type of drift. They are best developed near
Poseyville and in the region northwest- of the
Wabash River.

Driftvidges ( probably morainal ).—These deposits
consist of ridge-like accumulations of drift that
broaden into wider hilly belts in some places, as in
the region north of the Patoka River. The minor
details of their topography exhibit in general
almost none of the normal morainic features, the
uneroded portions usnally gmooth,
gently undulating surfaces, free from kettles and
congpicuous knobs, though a few rounded knobs
and remnants of shallow depressions, now drained
by the cutting back of the streams, appear to exist.
The ridges, however, exhibit an alignment parallel
with the ice margin, and in some places, as, for
example, in the ridge frbm Princeton to Fort
Branch, are associated with outwash plains. The
ridge east of Owensville is almost esker-like in out-
ling, a resemblance which is heightened by the
sandy and stratified character of the deposits and
the steepness of the slopes. The width, however,
is probably too great to permit such assumption as
to origin.  Its parallelism with the ice margin is
also against this supposition.

Practically no till has been identified with cer-
tainty in any of the ridges. Wherever the expo-
sures are good the material is found to consist of
deposits of oxidized sands and gravels containing
rounded pebbles of quartz and fragments of flint
and jasper, supposedly derived from the older lime-
stones to the east and north. Crystalline rock
fragments, of Canadian origin, though rare, are
occasionally found.  The materal is clearly strati-
fied and is prevailingly sandy, the pebbles forming
a relatively small proportion of the mass. The
color of the upper beds is usnally a deep red, but
lower down in the sections the red colors give place
to browns and buffs.

Notwithstanding the abgence of till and the lack
of a distinetly morainal topography, the ridges,
because of their location at or near the ice limits
and their alignment with the margin, are believed
to be essentially morainal in their nature. The
normal morainal topography, if it ever existed, was
long ago obliterated by the marl-loess or loess
mantles, or destroyed by erosion, which, because of
the relative softness of the material and the steep-
ness of the slopes, has gone on rapidly until the

presenting
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ridges are very generally deeply trenched by
ravines in which the semi-consolidated sand fre-
quently stands as vertical walls.

Deposits of this class occur in greatest develop-
ment between Patoka and Hazleton and near
Princeton, where they reach an elevation of 170
feet above the adjacent plains. In many places
they lie from 100 to 130 feet above the lowlands,
They are evidently the same as the kame moraine
mentioned in the Ditney folio as occurring 2 miles
southwest of Wheeling, and are probably the gen-
eral equivalent of the paiches of outwash gravel of
that quadrangle.

Outwash gravel plains.—While the ice front
rested along the moraine between Princeton and
Fort Branch more or less water was continually
set free by the melting of the ice, and on flowing
away carried with it a considerable portion of the
detritus previously held by the ice. In this manner
the broad, sloping drift plaing bordering this
moraine on the east were built up, as were probably
the similar plains at Haubstadt and vicinity.

There appear to have been two stages in the
development of the plains bordering the moraine.
In the earlier stage the ice front probably lay about
1% miles east of and parallel to the present line of
the Evansville and Terre Haute Railroad, itz posi-
tion being marked by isolated drift knobs of buried
moraine that project above the outwash plain.  In
the second stage the ice rested along the main
ridge between Fort Branch and Princeton, the arvea
between the two ridges being then filled up by the
later outwash materials and the two plains prac-
tically united into one.

The Henry Whitman well, 3 miles east of Fort
Branch (NE. # sec. 16, T. 3 8, R. 10 W.), gives a
typical section of the deposits:

Seotion & miles east of Fort Branch.

Feat,
| e e e OO0 e S D00 00 S R O O O PO G O 2
Loess (possibly gome sand in lower portion)........... 18
Sand. fine and of varving color (“guicksand ™), prob-

ably weatifled .. ... . e e i a e s ]
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Exposures in this region are very rare and show
very little of the character of the material.
eral cuts, however, were noted in which reddish
and buff sands were exposed, and in some a few
pebbles were found. From a well in the NW., 1 sec.
9, T. 3 8, R. 10 W., a sort of stiff, stratified sandy
clay, probably mainly quartz-flour, characterized by
marked contortions and numberless miniature
faults, was thrown out. Some of the coarser sands
are semi-consolidated and are to be correlated with
parts of the lower “outwash” deposits described in
the Ditney folio.

Sev-

ILLINOIAN GLACIAL LAKE DEPOSITS,

The general drainage of the northern two-thirds
of the quadrangle was originally to the west or
northwest.  When the ice advanced and lay across
the lower portion of the valleys lakes were created
in their upper portions in which large quantities
of silts and smaller amounts of coarser sediments
derived from the melting of the ice were laid down,
generally accumulating nearly to the level of the
standing water.  Four stages of lake deposits are
recognized in this region: (1) the deposits laid
down at the maximum extension of the ice; (2) the
deposits of the first halt in the ice retreat; (3) the
deposits of the second halt; and (4) the deposits of
the third halt. The materials are usually silts
or very fine sands, but fine gravels are frequently
encountered in wells, while geodes and other bowl-
ders are reported at several points in the glacial
lake deposits of the second halt.

Lale deposits of the maximum advance—Previ-
ous to the ice advance the drainage in the valley
now occupied by the West Fork Pigeon Creek was
to the west and northwest, passing into the Wabash
Valley between Owensville and Princeton. During

the most southerly extension of the ice this outlet |

was obstructed and waters were ponded until they
overflowed southward into a valley east of Elber-
feld, about 3 miles east of the limit of the Patoka
quadrangle.  In this body of water, which in the
Ditney - folio was designated Lake Pigeon, silts
accumulated, but these deposits lie mainly east of
the limit of the Patoka gquadrangle. Rimilar silts
also accumulated in the valley at the headwaters
of Flat Creek.

Lake deposits of the first hall.—At its maximum
extension the ice margin probably lay several miles
east of the limit of the quadrangle at the latitude
of the Patoka River. At this time deposits that
formed broad plains were laid down in a glacial
lake, which has been called Lake Patoka, oceupy-
ing the upper valley of the Patoka River, but it
was not until the ice margin had fallen back to a
point about 2 miles east of Patoka that the lake
was extended downstream into the Patoka quad-
rangle. The deposits at the lower end of the
extended lake were laid down during the first
recorded halt in the ice retreat, and consist mainly
of silts and fine sands. The aceumulations do not
rise much above the 420-foot level, indicating that
the deposition failed to reach what must have been
the water level if the overflow was over the 460-foot
divide near Francisco, as it appears to have been.

Lalke deposits of the sccond halt.—After the dep-
osition of the above silts the ice fell back a few
miles and halted along a second line, now marked
by the ridge of morainal and similar deposits
extending with a few breaks from near Hazleton
southwest to a point beyond Cynthiana. In front
of the new ice margin four small glacial lakes acen-
mulated.  The northernmost of these was a lakelet
lyving just south of Hazleton, now marked by allu-
vial flats composed of materials then deposited.

A second and much larger lakelet accumulated
between the ice along the morainal ridge that
extended from near Mounts to the highlands
southwest of Princeton and the moraine that was
formed during the first halt of the ice and extended
from the vicinity of Princeton southward to beyond
Fort Branch, probably damming the valley south
of the latter village. In this lakelet was deposited
a considerable thickness of silts, sands, and fine
gravels, with an oceasional bowlder or erratic
geode. They reach an altitude of about 450 feet,
the probable level of the ponded waters. The
outlet wag over the morainal barrier south of Fort
Branch—which was thereby greatly reduced—and
through the valley east of Elberfeld.

The two remaining lakelets of this stage occu-
pied the valleys of Flat and Barr creeks.  Before
the ice invasion these streams had flowed north-
west along the valley of the Black River to the
Wabash, but at the second halt of the ice on its
retreat the old valleys were permanently clogged
by the morainal ridge extending from Mounts
southward past Cynthiana toward Poseyville. In
front of the combined barrier of ice and drift the
two lakelets mentioned accumulated. In them
were laid down deposits similar to those of the
lakelets previously deseribed. In the upper por-
tions of the valleys and beyond the ice limits, these
overlie the silts of the earlier lake stages. The
waters escaped along the ice margin and over a col
probably located about 22 miles north of Blairsville,
s0 reducing the latter that the drainage persisted in
the channel then established after the retreat of the
ice. 3

Lake deposits of the third hal{,—This halt was
ghorter than the earlier ones. The lake in which
these deposits were laid down occupied the upper
portion of the valley of the Black River and the
lowlands south of Poseyville, now drained in part by
Caney Creek. The ice margin probably lay across
the Black River just north of Poseyville. The
deposits are represented by the thick beds of silts,
sands, and fine gravels constituting the broad flats
in the vicinity of Poseyville.

BANGAMON DEFOSITS AND WEATHERED ZOXNE.

Erosion and local deposition—Studies of the
erogsion features of the Sangamon stage in other
regions have shown that the streams were broad
and sluggish, with only shallow and rather poorly
defined channels, and that the deposition was very
slight in amount.  In southern Indiana, however,
the erosion was locally of considerable importance,
probably removing 80 to 100 feet of Illinoian till
from the valley of the White River and possibly
even greater amounts of material along the Ohio
River. Deposition during the Sangamon stage
was probably limited to a few unimportant second-
ary deposits, produced by the reworking of the
Ilinoian drift by the ageney of the streams.

At many localities in Towa and Illinois, and to
less extent in Indiana, peaty beds of black muck
which were deposited in this interglacial stage have

been noted and deseribed.  Beds apparently of this

character have been reported beneath ‘the thick
marl-loess deposits of the Patoka quadrangle at a
number of places. The following well section
(BW. 1 sec. 10, T. 5 8., R. 13 W.) is typical of the
OCCUTTeNCe :

Seclion § miles west of Wadesville.

' Feot,
Marly soil ...... 1 TR J oo 3
Clay (marl-loess) § i o S OO A AT &0
Rich sofl, loge, ete., (SANZAMONY . .0vuver e irrrrarcaras 8
Blue mnd and gravel (tilly | feosvaemnan anns 10
Quicksand (stratified drift) | Llingian it e ow e e R 1+

Weathered zone.—Though important deposits of
the Sangamon stage are lacking, the interval
between ice advances is nevertheless well repre-
sented by the Sangamon weathered zone. This
zone marks the top of the Illinoian drift, and is
recognized by the leached and weathered character
of that portion of the deposits.  Where the over-
lying loess and especially the marl-loess is of con-
giderable thickness its lower part is usually but
little oxidized and its appearance is in somewhat
marked contrast with that of the weathered zone
upon which it rests.

IOWAN DEIMSITS.

Following the formation of the weathered-zone
soilg, and possibly silts, of the Sangamon stage, a
congiderable thickness of fine silt known as loess
was deposited as a mantle over nearly the entire
surface of Iowa, Illinois, and Indiana, and in por-
tions of many other States to the east, south, and
west.  This loess has been traced as far back as the
edge of the drift sheet of the Towan ice invasion in
northern Illinois, but stops at or near its border,
apparently indicating that the deposition took place
during the stage of glacial ocenpaney.

Previous to the present survey of the region no
attempt had been made to differentiate the silts, but
evidence is now at hand for separating them into
two types: (1) thick, yellowish, caleareous, and fre-
quently stratified silts along the immediate borders
of the Wabash Valley, which are designated mari-
loess, and (2) the more clayey, oxidized, and struc-
tureless silts designated as common loess, forming
the general mantle over the surface more remote
from the river. The first is believed to be of
aqueous and the second of eolian derivation. The
evidence on which this conelusion is based is given
in full in Bulletin of the Geological Society of
America, volume 14, pages 153-176.

Marl-loess—The marl-loess is a white, gray, or
more commonly a yellowigh silt oceurring in rather
definite belts bordering the Wabash Valley on both
sides. It occurs at all altitudes from the flood
plain to the 500-foot level (120 feet above the
river), at which altitude it frequently forms broad
terraces and flats (figs 10 and 11), burying a rugged
rock or till topography. The thickness of the
marl-loess in these terraces and flats is sometimes 40
feet or more, but thicknesses of 10 to 20 feet are
more common. True marl-loess appears never to
oceur above the 500-foot level in this region.

The marl-loess is characterized by a high calear-
eous content and frequently by a sandy texture.
Caleareous concretions are exceedingly abundant.
In many instances it is delieately stratified (fig. @),
and in some cases is interbedded with sands or fine
eravels, or even carries scattering pebbles itself.
Fossils were found in a large number of expos-
ures, but with the exception of those from one
locality, were all land forms. About thirty land
species and six aquatic species were identified by
W. H. Dall. The silts are conspicuous only along
the immediate border of the Wabash Valley, and
are rarely found at a distance of more than 10
miles from the river,

The perfection of their stratification, their inter-
bedding with sand and gravel, the presence of
pebbles in them, their terraced form, and their lim-
itations to the borders of the Wabash peint to
water as the most probable agent in the accumu-
lation of the marl-loess deposits, the deposition
probably being in a fluvio-lacustrine body oceupy-
ing the lower Wabash Valley, into which the silt
was brought from the Iowan ice sheet by the
Wabash River.

Common loess,—This is usually a fine, clayey,
buff or brown, but sometimes gray, reddish, or
mottled silt, which mantles the hills as a relatively
uniform sheet having but little relation to the char-
acter of the topography. It is essentially non-cal-
eareous in composition, differing markedly in this



respect from ~ the marl-loess, as the following
analyses will attest. The first sample (No. 1) was
from near Princeton and was analyzed by Prof.
Robert Lyons for the Indiana geological survey
and published in its twentieth and twenty-first
annual reports. The second (No. 2) was from
the land of B. C. Macy (said to be near New
Harmony) and was given in D. I). Owens’s report
on “A Geological Reconnaissance of the State of
Indiana,” 1838, part 2, p. 66. The two are
selected because they mark extremes in the range
of the content of earbonate of lime (CaCO,). The
average sample of the common loess would prob-
ably show less than 1 per cent of the CaCOy,
while the average sample of the marl-loess would
probably show more than 5 per cent.

Analyzes af Iocss (No. I) and marl-locss (No. 2).
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Mechanical analyses of the loess are given in
the discussion of the soils on page 10.

Caleareous concretions are relatively rare, and
when they occur are generally of small size, - On
the other hand, small iron concretions, both of
the tubular and the rounded or irregular type, are
abundant in places. The eommon loess has not
been found to ecarry fossils at any point in the
region examined, nor does it contain pebbles
except where the sheet is so attenuated that roots
penetrate the till beneath and on the falling of the
tree, drag the pebbles upward into the loess. The
common loess of the region presents no definite
evidences of stratification, though an indistinet
banding in planes parallel with the surface, made
vigible because of differences in moisture absorp-
tion of the materials, has heen here and there
noted.

Along the borders of the east side of the Wabash
Valley loess of the common type is often absent,
marl-loess of typical composition, structure, and
topography frequently forming the immediate face
of the bluffs. Though differentiated only with
some difficulty from the marl-loess where the latter
is weathered, a thin coating of the common type of
loess usually appears to begin within a quarter
or half a mile of the edge of the marl-loess and
increases gradually in thickness for several miles,
probably reaching a maximum of 15 feet or more
at a distance of 6 or 7 miles, beyond which it
slowly decreases until, at a distance of 35 or 40
miles, it has a thickness of only 2 or 3 feet, or
possibly even less. On the west side of the river
the conditions of .distribution are similar, though
the strip of marl-loess is narrower and the maxi-
mum thickness of the common type oceurs much
nearer the borders of the valley. The same thin-
ning of the deposit away from the river is noted,
the common loess being generally absent, at least
in recognizable amounts, at a distance of 15 miles
from the Wabazh.

The common loess is not confined to any one
horizon, but oceurs at all elevations, from the level
of the river bottoms to the crests of the highest
hills.  Above a certain altitude, which detailed
observation has shown to be approximately 500
feet (120 feet above the river), it constitutes the
only silt noted. Below this level, especially near
the river, the common loess, though generally
occurring, is not, as has been seen, necessarily
present, the marl-loess, which normally underlies
it, forming the bulk of the silts. Eastward from
the river there is a persistent though gradual
decrease in the thickness of the marl-loess, the
common type becoming at the same time of greater
relative, if not real, importance.

The apparent presence of pebbles in some locali-
ties in the common loess, and the oceurrence of
flats and silted divides of loess of the same type
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overlying more or less irregular surfaces, points
toward a modified aqueous origin of this class of
gilts in a few cases in the Ditney quadrangle, to
the east, but no examples were recognized in the
area now under diseussion. The great mass of the
common loess appears to be undoubtedly of eolian
derivation, the source of the material being found
in the marl-loess of the Wabash Valley.

Older stream silts—In the class of older stream
gilts ave included the silts occupying most of the
smaller valleys. They consist largely of reworked
loess and are therefore of a marked clayey tex-
ture. A few sandy layers and more rarely gravelly
streaks occur. The deposits are characteristic of
overloaded streams, the work of which is to build
up rather than reduce their beds. While many of
the bottoms mapped as older silts are no doubt
receiving additions even at the present time, the
presence of the earlier Wisconsin dunes upon their
surface in the northwestern part of the quadrangle
shows that they had in places practically reached
their present development in early Wisconsin time.
The bulk of the filling is probably Illinoian,
though the surfieial eclays doubtless accumulated
largely during the Iowan stage. For the reason
that their principal period of development termi-
nated in the Towan stage they are grouped with
the deposits of that age rather than with the
recent deposits, classification with which might
appear to be warranted by their recent surface
gilts. This elassification was, in fact, made in the
Ditney folio, in which is deseribed the area lying
immediately to the east. In the vicinity of the
main drainage lines the older stream silts are
invariably trenched, and are in some places super-
ficially removed or represented only by a few small
terraces.

WISCONSIN DEPFOSITS.

The ice sheet of the Wisconsin stage did not
reach the Patoka quadrangle, and there are there-
fore no deposits of this stage covering the general
surface of the region. Every stream, however,
which led either directly outward from the ice
margin or was fed by tributaries heading at the
ice front carried considerable amounts of glacially
derived materials, which were deposited as broad,
flat plains of sand or fine gravel. Of the streams
in the vicinity of the Patoka quadrangle, only the
Wabash and White rivers head in the region ocen-
pied by the ice, though the Ohio received the
drainage of a number of other streams heading
near the ice front and bringing down quantities of
glacial sediments, which were deposited as broad
flats on either side of the river. The Wabash
River was also the outlet of a large glacial lake
in the region of the Great Lakes.

Wisconsin tervace.—Although it is certain that
the larger part of the sand and gravel filling of
the Wabash and White river valleys was trans-
ported indirectly through the agency of the Wis-
consin ice sheet, and was probably brought nearly
to its present place during Wisconsin times, there
is only one unaltered deposit in the quadrangle
which has been referred to this stage. This is the
deposit between Cowling and Keensburg, in the
northwestern portion of the area. It consists of a
thin layer of silts, fine sand, and gravel of fresh
northern material spread over the upper stream
silts. Toward the higher of the late Wisconsin or
recent terraces on the east it presents a low bluff,
perhaps 10 feet in height, but the bluff' overlook-
ing the abandoned channel near Cowling is about
40 feet high. The surface generally consists of
fine sand, which is frequently drifted into low
dunes.  The flatter and poorly drained portions
are charaeterized by black muck aceumulations.

Wisconsin dunes.—DBesides the low sand dunes
of the Wisconsin terrace, the larger of which are
represented on the map, there is a well-defined
ridge of dunes extending from east of Keensburg
nearly to Bonpas Creek. The sand of the dunes,
both of the flat and ridge, is notably finer and
whiter than that of the more recent dunes border-
ing the Wisconsin terrace on the south.

WISBCONSIN-RECENT TRANSITIONAL DEPOSITS.

Upper flood-plain deposits—These deposits con-
sist of broad flat plains of sands or fine gravel, with
oceasional areas of muck in broad, shallow depres-
sions in their surface that oecur along the Wabagh
and other prominent streams.  They constitute in

fact a perfected flood plain, the topography of
which is in marked contrast with that of the roll-
ing to broken surface of the lower flood plain.
They are overflowed in part at periods of excep-
tionally high water, but the higher portions along
the edges of the valley always remain above water.
There is no break between the lower and higher
portions, the plain exhibiting a gentle, even slope
from the edge of the valley to the banks of the
streams or to the bluffs facing the lower flood
plains. The upper flood plains are bordered by
broad and originally forested dune belts, apparently
composged of sands derived from the surface of the
flats.

The muck and a part of the surface silts are
undoubtedly of recent origin, but as important
dunes are nowhere forming under the conditions
now existing in this region it is thought that they
reprezgent an accumulation at a period of greater
depositional activity, when broad, bare flats, possi-
bly extending over the greater part of the present
width of the valley, were exposed to the sweep of
the winds, and when the rate of dune accumulation
probably precluded the existence of a vegetable
mantle. These conditions are believed to have
characterized the latter part of the Wisconsin stage,
and possibly extended into Recent time. It is
thought, however, that the covering of the flood
plain and dunes with vegetation probably took
place immediately upon the subsidence of the
floods that are supposed to have attended the Wis-
congin ice retreat, but it is considered safer to class
both the flood plain and dune deposits as transi-
tional rather than with either the Wisconsin or
Recent stages.

Later dune sands—These sands, the origin of
which has just been considered, occur principally
as a broad but interrupted belt along the east side
of the Wabash Valley, thongh a few small areas
are found bordering the river flats on the Illinois
gide of the river. The material is usually a coarse
quartz sand which in the better exposures shows
stratification either of the steep advancing-face
type or of the irregular type characteristic of acen-
mulation after vegetation has hegun to take hold.
Fig. 12, from a photograph taken just west of
Mount Carmel, shows the former type in the lower
right hand portion of the view, while the latter
type is shown on the left.

The coarse sand is in some places interbedded
with fine or marly sand not much different in com-
position from the marl-loess, though it never
exhibits the perfect stratification of the latter. It
carries fine fragments of shells, but no perfect
forms, such as universally characterize the marl-
loess, were found.

The sand has in places a maximum thickness of
about 100 feet. Tt iz characterized by a typical
dune topography, though somewhat subdued in
some of the outlines through the reworking of the
surficial portion by creep or through the influence
of the original forest growth. Large undrained
kettle-like depressions are common.

Late loess—The sand of the dune belts in some
places becomes finer away from the valley and
merges into a sandy loess, This coating is usually
0 thin that the material has become commingled
with the underlying Towan loess through the action
of penetrating roots, and can not he differen-
tiated. In the railroad cut at Mount Carmel and
in a few other localities, however, there appears to
be a surficial loess mantle, a foot or two in thick-
ness, resting upon the loess of the ordinary type,
from which it is separated by a weathered zone. It
is believed to be contemporaneous with the later
dune sands.

RECENT (POST-GLACIAL) DEPOSITS,

Lower flood-plain deposits.—These deposits con-
sist of silts, sands, and fine gravels, with oceasional
areas of muck occupying the shallow depressions as
in the upper flood plains. The chief particulars
in which the lower differs from the upper plain
are: (1) the low level of its surface, which is gen-
erally subject to annual overflow and is frequently
separated from the upper flood plain in the case of
rivers (or from the older stream silts of the smaller
streams) by an escarpment 5 to 15 feet in height,
and (2) its undulating, rolling, or broken surface,
characterized by numerous bayous and abandoned
channels. Two distinetly different processes are
involved in the production of the lower flood

plains, namely, unequal degradation due to locali-
zation of the erosion of the flood plain on the one
hand, and wunequal upbuilding of previously
reduced arveas on the other. The two processes,
however, have so cooperated that the resulting
forms can seldom be differentiated.

Swamp  deposits.—Under swamp deposits are
included those deposits of muck, peat, and vege-
table mold which oecupy the broad, shallow
depressions in both the upper and lower flood
plains.  They are characterized throughout by a
heavy growth of timber. The thickness of the
accumulation is usually 3 or 4 feet, but may reach
7 to 10 feet. The most notable of the swamps are
those surrounding the Cypress Ponds, near the
junetion of the White and Wabash rivers. Some
of these ponds, it is said, contain water throughout
the year, and several retain it in all but the dryer
seasons.  Most of the cypress has been cut out,
but enongh remains to give a decidedly southern
aspect to the swamps.

Abandoned channel deposits.—The abandoned
channels are of all stages, from freshly-cut bayous
to channels nearly filled and effaced as topographic
features. The filling of the channels is at first
very rapid because of their connection with, or
proximity to the rivers.  Fillings of silt amount-
ing to 6 inches in a season have been recorded. In
addition to this, large quantitities of driftwood are
frequently washed in, and trees on falling not
uncommonly add their remains to the deposit. As
the filling approaches completion the deposition
is less rapid and consists mainly of a mixture of
gilt and vegetable matter, differing but little from
the swamp deposits except in the shape of the
areas,

Natural levees—The natural levees consist of
overwash sands or fine gravels deposited when the
current of the overflowing river waters is first
checked. They are conspicuous in the quadrangle
only along the Wabash and Fox rivers, and are
confined to the banks or near vicinity of the
streams. In age they are the most recent of the
deposits of the quadrangle, unless it be some of
the swamp and abandoned channel deposits. They
are found on both the lower and the upper flood
plain.

STRUCTURE.

Local dips, often of several degrees and of
various directions, may be seen in some of the
exposures of the Patoka quadrangle, and from a
superficial examination might appear to indicate
not only that there is a considerable dip to the
rocks of this area, but that there is also consider-
able irregularity in its direction and amount. A
closer study, however, reveals the fact that these
irregularities usually extend but a few feet or rods,
and that they have almost no effect on the broader
structural features. By the tracing of coals or
other persistent beds it is clearly shown that,
although the dips are extremely variable and even
easterly in places, the general dip is to the west,
the amount varying from 5 to 40 feet to the mile,
with an average of about 11 feet. This dip, slight
ag it is, is sufficient to make a difference of about
300 feet between the altitude of a given bed at the
eastern border and that which it has at the western
border of the quadrangle.

The Somerville formation, the Parker coal or
associated limestone, the Friendsville coal, and the
Aldrich eoal and associated limestone are the best
defined beds in the quadrangle and where they out-
erop or are reached by ordinary water wells dips
may be determined with some accuracy. By com-
bining the observations based on each separate bed
the structure can be worked out, especially in the
southern half of the quadrangle. The general dip
is northwestward and is greatest along the eastern
border and least along a line extending from the
vicinity of Little Rock to the southwest corner of
the quadrangle. A low anticline runs from near
Friendsville southeastward to the vicinity of Mount

‘armel.  Between this anticline and Gards Point,
Bellmont, and Keensburg the dip is low, but
steepens again in the vicinity of Bonpas Creek.

From the southeast corner of the gquadrangle to
the vicinity of Kasson the dip is about 15 feet
to the mile, but farther north it is somewhat
steeper, reaching about 30 feet to the mile between
Inglefield and Little Pigeon Creek. Northeast
of St. Joseph the dips are as high as 4° NW.



for some distanee along the mailroad, making a
very material difference in the elevation of the out- |
crops of the Parker coal and associated limestone
on opposite sides of the same hill. The dips are |
steeper here than elsewhere in this region so far as |
obgerved. From the ridge between St. Joseph and |
Kasson westward to the vicinity of Parkers Settle-
ment the dips are about 15 feet to the mile. From |
Lippe to Springfield the dips average only about 6 |
feet, while westward from Springfield to the Wabash |
River they are as low as 3 feet to the mile.
North of the drift area the outcrops are less fre- |
quent and poorer and the dips are more difficult to |
determine.  The Aldrich coal, however, can be |
traced from near Stewartsville to the Wabash River |
near Grayville, and shows in this interval an aver-
-age dip of about 6 feet to the mile. At Princeton :
‘the deep wells and the coal shafts show that the |
dip is as high as 50 feet, but along the Patoka it
is only about 20 feet to the mile. From Patoka
to the Gordon Hills the dip is about 12 feet to the |
mile. From the latter hills to Crawfish Creek the |
dip is nearly flat, but from the creek westward it
rises rapidly to a height of 450 feet in about 2
miles (see geologic map and fig. 4). From the crest
of this low anticline the beds dip gently westward
at a rate of from 18 feet to the mile between |
Friendsville and Gards Point to about half t]lis|
ate west of Mount Carmel.  In the region about |
Maud and Bellmont the beds, though showing sev-
eral minor undulations, are, on the whole, nearly
flat.  To the south and southwest the dips are |
more pronounced, averaging 20 feet to the mile |
between Sugar Creek and Rochester and 15 feet to :
the mile from Bellmont to Cowling. Between
Rochester and MeClearys Bluff the rocks are nearly
horizontal.

GEOGLOGIC HISTORY.
PALEOZOIC EVENTS,

Depaosition.—The deposition of the great series
of sediments laid down in the interior sea occupy-
ing the broad Mississippi Basin began in Cambrian
time with a thick bed of sand which was spread
along the changing shores in waters that were gen-
erally shallow, ripple marks and other shallow- |
water or shore features being common in the

| or of shells, corals, ete., which on subsequent solid- l‘

| brian to the close of the Carboniferous, is probably

| Indiana.
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ification became sandstones, shales, and limestones,
At times the region was occupied by wide swamps
or shallow lagoons, in which accumulated quantities |
of peaty matter, now changed to coal. Together
these beds make up a series of coal-bearing rocks
of which those of the Patoka quadrangle are a
part. They are the highest and youngest of the
solidified rocks of Indiana.

The thickness of the entire series, from the Cam-

4000 or 5000 feet, of which, in the Indiana region,
considerable more than half is limestone, the con-
ditions being in marked contrast to those existing
near the borders of the sea to the east, where the |
deposits were composed largely of sandy and shaly
materials.

The deposition of the sedimentary rocks did not
take place uniformly over the whole of the basin.
Even at the beginning of the Cambrian period
islands existed, it is believed, in the southern por-
tion of Missouri, and possibly elsewhere in the
great continental sea, and local uplifts, possibly in
some cases accompanied by slight folding, brought
similar islands into existence from time to time at
other points as deposition progressed. Of these
the one most intimately related to the region of the
Patoka folio was the Cincinnati island, produced
by the broad, dome-like fold known as the Cincin-
nati anticline, the maximum development of which
is in the vicinity of Lexington, Ky. From here
this fold extends southwestward to Nashville,
Tenn., and northward and northwestward through |
Cineinnati and into the north-ecentral portion of
This broad dome (the uplift of which
began long before the beginning of the deposition
of the beds of the Patoka guadrangle) and the
original island in southern Missouri, which had in
the course of time become considerably enlarged,
formed the opposite shores of a broad embayment
or strait that extended from western Kentucky
across southwestern Indiana, Illinois, northern
Missouri, and southern Iowa, and connected with
the northwestern extension of the interior sea in
western Missouri and Towa. It was in this embay-
ment that the Carboniferons rocks of the Patoka
region were laid down.

had the Carboniferous beds appeared above the | cutting, and there is some evidence, in the shape of

| surface of the sea by the further uplifting of the | divides and flat crests at an altitude not far from

Cineinnati anticline than erosion set in and began | 500 feet, that a local peneplain was developed at

its work of reducing the surface thus formed.

with uplift, and an elevation of some prominence

may have resulted. On the cessation of the
upward movement, however, erosion continued with
undiminished energy its work of reducing the land
and carrying the materials to the gea, which now
lay at some distance from the Indiana region. The
surface of the land was thus gradually lowered and
its prominences were reduced to broad, low, well-
rounded hills separated by wide, flat, and shallow
valleys, Such a featureless surface is ealled a pene-
plain, and there is but little doubt that a number
of successive general or local peneplains were
developed one after the other in the region under

| discussion, as appears to have been the case with

the series beginning in pre-Triassic time and
ending with the Tertiary plain along the Atlantie
coast.  The remnants of the latest of the pro-
nounced plains in the region of the Patoka quad-
rangle are preserved even to the present time in
the flat- t:}pp(ﬂ{l crests and isolated hills rising, as
deseribed in the discussion of topography, to ele-
vations of from 600 to 650 feet.

No remnants of a topography older than the
peneplain  under discussion are known in the
Patoka region. The age of the peneplain can not

. It | that elevation, and it is possible that there are still
 is probable that erosion did not at first keep pace

other levels at which local plains developed. If so,
these later peneplains, like the first, suffered uplift
and erosion, until broad vallevs were carved out
to the level represented by the rock floors underly-
ing the deep silts and glacial fillings of the present
valleys.

Late Tertiary or early Pleistocene depositional
stage.—Following the period of Tertiary erosion,
during which the land was carved by the streams
until it had essentially the form it would now show
if the overlying silts and glacial deposits were
removed, there appears to have been a subsidence
or an overloading of the streams, which caused the
deposition of bronze-colored gravels at Enterprise,

on the Ohio, southeast of the Patoka quadrangle.

erystalline or

be regarded as positively established, though it |
appears to form a part of a surface which stretched |

eastward to the base of the Allegheny Mountains
and southward along their western margin to Ala-
bama—a surface which is probably -:-quwak-nt to
the Lexington Plain of Kentucky, and iz thought
to have been formed in early Tertiary time.
Drainage of the peneplain.—On two of the
knobs just north of Princeton and at a number of
points in the hills bordering the Wabash, White,
and the lower Ohio valleys, deeply stained, bronze-
colored gravels, composed mainly of quartz and
flint and supposed to be of Tertiary age, are found
resting upon the peneplain remnants. Near
Princeton the gravels have an elevation of 610 feet
at their base (determined by level), and at the other

Whether these gravels, which certainly look much
older than the oldest glacial deposits, are to be
regarded as the result of a reworking, in late
Tertiary or early Pleistocene time, of older Tertiary
s:edunenrs, as Mr. Leverett has suggested, or as
undisturbed late Tertiary deposits, as Mr. A. C.
Veatch has urged, is a question that has not been
fully answered. It is certain, however, that they
were deposited much later than the gravels on the
peneplain  remnants, and before ice-transported
other Canadian materials were
brought within the reach of the old Ohio drain-
age system.

GLACTAL HISTORY.

Illineian deposits and stream changes.—It has
usually been believed that neither the pre-Kansan
nor the Kansan ice sheet reached as far south as
this quadrangle. Although some features in the
Ditney quadrangle, immediately east, suggested the
possibility of an early invasion, later studies fail to
substantiate this view. In the Illinoian stage,
however, the ice reached well into the guadrangle
and remained there for a long time, during which
the till sheet, the extensive morainal deposits, the
marked outwash plaing, and the glacial lake depos-

Cits were accumulated.

localities of from 550 to 700 feet (barometrie deter- |

In consequence of the obstruction of the estah-

Bhows the position and extent of the Friendsvilla eoal,

rcsulnng gandstone. At the elose of the Cambrian |

Horizontal scals, ryafes, or 1 inch=2 miles (approximately); vertical seale, 1 inch=1000 fect.
Fra. 4. —8tructure section across the northern portion of the Patoka quadrangle along the line A—A on the Areal Geology mnp

Uplift and tilting.—The sedimentary beds were |

nunﬂtlmﬂ-)

period, there was, in Indiana, a change from con- | originally in an essentially horizontal position | Frank Leverett includes the following: (1) South

ditions favorable to the deposition of sandstone to |
.those favoring the accumulation of limestone, and |
a 50-foot bed of the latter was deposited at the |
beginning of the Ordovician period. Although

there was a partial return to the former conditions

during the deposition of the succeeding formation,

the St. Peter sandstone (portions of which are cal-

areous), the deposition of limestone continued, |
with a few relatively unimportant breaks, through- :
cout the whole of the Ordovieian, Silurian, '
part of the Devonian periods. Beginning with |
Middle Devonian times, however, limestone gave
-place to black shale, which in the early part of the
.Carboniferous period was followed by sandstone,
and later by limestone, the deposition of which
-continued until the close of the early Carboniferous
(Mississippian), The series of deposits closed with
an interval during which the recently deposited
beds were lifted bodily, and without tilting, above
the level of the sea, and were extensively eroded
Dy the action of streams.

After the early Carboniferous interval of erosion
the beds once more sank beneath the waters of the
great. interior sea, and deposition continued as
-before. . The conditions, however, were no longer
congtant through long periods of time, but were
continually changing, the waters of the sea being
now shallow, now deeper, and at times, as follow-
ing the deposition of the Mansfield sandstone and
Just before the deposition of the Inglefield forma-
tion, completely withdrawing and permitting the
erosion by surface streams of the beds previously
deposited.  Iach change was recorded by differ-
ences in the character or structural features of the
rocks, beds of sand alternating with beds® of mud,

and |

| level of the sea, but the amount of the elevation

throughout the extent of the embayment in which
they were deposited. At the close of the Carbon-
iferons period there were further uplifts of both |
the Cincinnati and Missouri domes or anticlines.
The intermediate area, consituting what is now
known as the Illinois-Indiana coal basin, partook
of the uplift, and its deposits were lifted above the |

was muech less than in the bordering region, the

' result being the development in the rocks of a slight

but persistent dip toward the center of the basin
in eastern Illinojs. The coal-bearing rocks form-
ing the surface were doubtless originally connected |
with similar rocks to the south and also to the
northwest, but subsequent erosion destroyed these
connections and left the coal rocks in the present
isolated basin. The limits of this coal basin,
together with the position of the Patoka quad-
rangle, are shown in fig. 1, p. 2.

MESOZOIC AND EARLY CENOZOIC EVENTS.

Subsequent to the uplift that followed the depo-
gition of the Carboniferous rocks, and that raised
them above the level of the waters in which they
had been deposited, there appears to have been no
further incursions of the gea into this region ands«
there is, therefore, no recorded history in the form
of rocks. It is only in the land forms, or the
topography resulting from erosion, and in a few
patches of old river gravels that evidence of the |
succeeding events is found.  As each new set of
the topographic features was developed at the
expense of older ones, only later forms are left to

| tell of events that have taken place.

Formation of Tertiary peneplain—No sooner

| Tell City and Cannelton, Ind.;

L areas gravel deposits are lacking.

bluff of the East White River 2 miles southwest of
Shoals, Ind.; (2) bluffs of the Ohio River back of

(3) near Stephens- |

port, Breckinridge County, Ky.; (4) near Branden- |

burg, Meade County, Ky.;
Pope County, I1L
It will be noted that these deposits are in the

| vicinity of the present drainage lines, though from

100 to 200 feet or more above the stream levels,
while on erests of equal heights in the intermediate
This is taken
to indicate that the gravels were probably depos-
ited in the broad, shallow valleys of the Tertiary
peneplain, and that the main drainage lines of that
period coincided in a general way with those of
the present time.

and (5) near Rosebud, |

Late Tertiary erosion.—After the reduction of |

this portion of the Mississippi Basin to the pene-
plain deseribed, an elevation took place that lifted
the region to an altitude considerably above that
which it possesses at the present time. With the

he«inning of this elevation the streams, which dur-
' thick morainal deposits that were laid down across
its lower portion, with the result that the river was

ing the later stages of development of the pene-

| plain surface had been very sluggish, entered upon

a period of active erosion that resulted in the carv-
ing out of broad valleys to a depth of 100 to 150
feet, or more, below the level of the surfaces of their
present fillings and the reduction of the general
surface to a lower level. Here and there, where
the surface was more remote from the active streams

| or where the rocks were of a more resistant charac-

ter, remnants of the peneplain were left in the
form of the crests and outlying hills previously
mentioned. It is not probable that erosion was
uniformly active throughout the period of down-

Cm, Millershurg formntion; Cs, Somerville formation; od, Ditney formation; ¢i, Inglefield formation; Cw, Wabash formation; T, Tertiary; Qd, glacial drift,

A list of localities furnished by Mr. | lished dl’mnqge lines by the Illinoian ice, or by the

till or various other deposits laid down during its
oceupancy of the region, many important changes
in the arrangement of the streams were PIT}:III(‘HI
(see fig. 5).

The Patoka River, now a prominent stream
reaching back eastward 80 miles or more from the
Wabash, was not in existence as a single stream
previous to this ice invasion, though parts of the
valley through which it now flows were oceupied
by pre-Glacial streams that eventually flowed
northwestward into the White or the East White
River. The original lower Patoka River entered
the quadrangle at the same point as the present
stream, but instead of flowing westward past the
gite of Patoka turned northwestward and passed
out into the Wabash Valley at a point about mid-
way between Patoka and Hazleton. During the
ice invasion this old valley was choked and
obstructed and a glacial lake formed along the val-
ley, the outlet of which was probably near Fran-
tiseo, a few miles east of Maxams. Before the ice
receded from the region the old valley was choked
and practically obliterated by aecumulations of

forced to seek a new outlet, which it found at
Patoka.

It is believed that the Wahash River at this
time flowed in the broader valley lying east of the
Claypole and Gordon hills, and that it swerved
sonthwestward near Lyles, passing north of Foots
Pond Hills, west of Mumford Hills, and probably

several ‘miles west of its present position at New

Harmony.

Previous to the ice
in a direction opposite. to its present course.

invasion Pigeon Creek flowed
It



enteréd the quadrangle from the east, where it
now leaves it, and flowed northwestward past the

site of Fort Branch and into the Wabash Valley

at a point a little east of Indian Camp Creek. The |
obstruetion of this ereek brought into existence a

lake which overflowed a divide east of Elberfeld,

several miles east of this quadrangle, having an

elevation of about 410 feet. By the outtlow from

this lake the divide was reduced to a little less than |
400 feet and so afforded an easy eastward outlet
for the water that was ponded by the ice and the |
morainal deposits that accumulated across the old
valley near Fort Branch.

As the ice retreated from the Fort Branch |
moraine two more glacial lakes came into existence. |
The first was situated between Owensville and Fort |
Branch. Its waters cut an outlet across the moraine |
at the latter point and passed off to the east and |
south through the Elberfeld pass. The upbuilding
of the morainal barrier east of Owensville served
to make the southward drainage a permanent fea-
ture. The second lake was situated in the valley |
of Flat Creek and was due to the obstruction |
caused by the ice near Cynthiana. This creck
originally emptied -into the Wabash River at :1‘
point 3 or 4 miles north of Stewartsville, but on |
its obstruction by the ice and the formation of the :
lake the waters ponded up the valley of an old |
tributary and passed over a divide at its head into |
Big Creek. This divide was probably about 2} |
miles northeast of Blairville. Before the retreat of
the ice the moraine at Cynthiana had been formed
and the old valley so blocked that even after the
retreat of the ice the drainage persisted in its new-
found channel.

Barr Creek, like Flat Creek, which originally
found outlet into the Wabash along the line of
Black River, was deflected southward into Big
Creek.

A still further vetreat of the ice brought into
existence a lake in the vicinity of Poseyville, in
which deposits were built up to such a level that
the original northern drainage lines were obliter-
ated and a new drainage into Big Creek was inau-
gurated. !
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Much of the material derived from erosion was
doubtless deposited in the valleys, where it is now
covered by more recent deposits. A considerable
part of the lower portions of the older stream silts
was doubtless accumulated at this stage. Other
deposits of this age now remaining are the muck
and lignitic deposits which were described (p. 4) as
oceurring under the marl-loess at various points.

That the stage was of considerable length is
attested by the extent of the erosion, by the semi-
rounded character of the resulting topography, and
by the leaching and weathering of the drift as rep-

| resented in many exposures.

Towan deposition.—The next event of importance
was the deposition of the mantle of silt, previously
regarded as a unit and designated as loess. Reasons
have been given (p. 4) for subdividing this silt into
two groups, the marl-loess and the common loess.
A study of the characters and relations of the two
types leads to the belief that during the presence of
the Iowan ice margin in northern Indiana, a fluvio-
lacustrine body existed along the lower portions
at least of the Wabash and White river valleys.
This water body is thought to have been due to a
general depression (amounting perhaps to 80 or
100 feet) of this region as compared with the land
farther gouth, over which the waters had eventually
to pass. Into this lake the two large rivers hrought
large quantities of fine silt, which was deposited in
their valleys in the form of what is here known as
marl-loess.  While this material was accumulating
and during the period immediately following the

 withdrawal of the water, before vegetation had

covered the surface, broad flats were doubtless
many times exposed to the sweep of winds, and by
the action of these winds it is presumed the great
sheet of common loess was accumulated.  These
winds were apparently prevailingly from the west,
for the deposit is both thicker and more extensive
on the east side of the Wabasgh Valley than on the
west side.

It was probably in late Towan times that the last
important additions to the older stream silts were
made.

Peorian interglacial stage.—The Peorian stage is

s
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F1a. 5.—Pre-Quaternary and present drainage in the Patoka and Ditney quadrangles and vieinity. (Portions outside
guadrangles after Leverett.)
Pre-Quaternary sirenms are shown by dotted lines,

Sangamon events.—After the disappearance of |
the Illinoian ice sheet there seems to have been a
period of somewhat active erosion. In some other |
regions the Sangamon streams were broad and
sluggish and eroded but little, but in the Ditney
quadrangle, immediately east of the Patoka quad-
rangle, from 80 to 100 feet of the drift filling of
the White River Valley over a breadth of 2 miles
appears to have removed, while in the Patoka
quadrangle the reduction of the drift deposits and
the widening, deepening, and ecutting back of val-
leys are conspicuous features, Large quantities of |
drift were also probably removed from the Lake |
Patoka deposits, 25 or more miles east of the area |
under discussion, and along the valley of the Ohio |
River. Whether there was a slight uplift of the
land or whether the acceleration of erosion was due
simply to the relatively steep eonstructional slopes
“of the drift deposits can not be definitely stated, but
“the latter is now thought to be the most probable.

Patoka.

not known to have been characterized by any not-
able events in the Patoka quadrangle. The land
appears to have remained at practically the same
elevation as during the deposition of the loess,
which suffered little erosion during the interval,
thongh doubtless there was a ereeping and sliding
of the material down the hillsides into the valleys.

Wisconsin deposition.—In the Wisconsin stage
the ice, though failing by more than 75 miles to
reach the Patoka quadrangle, by its melting fur-
nished large quantities of water charged with sedi-
ments which flowed from the ice margin down the
Wabash and White rivers and formed broad flat
plains of sand and fine gravel along their valleys.

The only deposits of Wisconsin age that still
remain in this area are the stratified beds of fine
sand and gravel, with their associated dunes, that
oceur northwest of the Wabash River, near Keens-
burg. The upper flood-plain deposits and the
great dune belts along the eastern edge of the

Wabash Valley were probably formed in late Wis-
congin time or in the early part of the post-Glacial

epoch and are in a measure transitional. The older

and higher Wisconsin deposits doubtless represent
an upbuilding during a period when the waters
were heavily loaded with sediment as compared
with their condition during the formation of the
later flood-plain deposits.
the fluviatile beds of the valleys continued many
of the low divides of the earlier topography were
buried beneath the resulting accumulations, leaving
a number of the higher points as “islands™ pro-

As the upbuilding of

| stone. A band of sulphur occurs in the middle of
the coal.

. In the Oswald mine the coal is reached at about

| 450 feet, or 30 feet above sea level, and averages 6

| feet 6 inches in thickness. Tt is a good, firm coal,
without regular sulphur or clay bands, but thin
bands of sulphur are abundant in places. The

' roof is a shale, which is sometimes overlain by
limestone. The following analyses are taken from
the Twenty-third Annual Report of the Indiana
Geological Survey, pp. 1243-1244. The Sunnyside

' mine is just south of the limits of the quadrangle,

Anaiyzes of Petersbrrg coal af Prineefon and Fransoille,
[Analyst, W. A. Noyes.]

Boring at Prineeton
Oswald mine, Prineeton
Sunnyside mine, Evansville. .....coocvinriiiiininaeain.

*Rulphur sepan

jecting above the river flats,
meanderings and swings of the rivers these have
been attacked first from one side and then from
another until nearly all of them now present steep
faces or even bluffs to the flats. Among these

“islands™ Claypole, Gordon, and Mumford hills |

are the most prominent, though a few smaller ones
were noted.  The depth of the rock valleys sepa-
rating these hills from the general uplands is not
known, but in some places the rock floors are only
a few feet below the flood plains (see fig. 13), or at
about the limit of erosion of the present streams.
This would indicate that the broadening of the
divides and the isolation of the “islands™ was
brought about after the stream had reached practi-
cally its present level. The steepness of the blufis
indicates that the completion of the broadening
took place in very recent time.

During the final retreat of the ice the Wabash |

River was the outlet for Lake Maumee, a large gla-

cial lake extending over the areas now covered in

whole or in part by Lakes Michigan, Huron, and
Erie, together with considerable areas about their
borders. This lake formed between the retreating
ice and the northward-sloping land in the region
mentioned and emptied into the Wahash a little
west of Fort Wayne, Ind.

RECERT EVENTS.

Subsequent to the deposition of the Wisconsin
and transitional sediments, just noted, the region
appears to have stood approximately at the same
level as at present.  The streams, with diminished
volume and less sediment, cut into the deposits of
the Wisconsin and transitional stages and excavated
the Tower flood plains, which were in places several
miles in breadth and several feet below the upper
plains. This work is still going on, new channels

constantly being formed by loeal concentration of |

the overflowing waters in times of flood. At the
same time, however, old channels are being closed
up and the old level is being restored in places, the

tendency on the whole being rather toward a simple |

shifting than toward either a general broadening or
narrowing of the lower flood plains.

MINERAL RESOURCES.
COAL.

COATSE IN INDIANA.

Pelershurg coal—With a few minor exceptions |

none of the coals outcropping in that portion of
the Patoka quadrangle included in Indiana are now
worked, even for local supply, the beds rarely
being much over a foot in thickness, and often too

impure to be of any value. In the Indiana portion

of the quadrangle there are but two mines, the
Oswald at Prineeton, and the Diamond just inside
the quadrangle near Evansville. These mines
reach what is known as the Petersburg coal (Coal
5 of the Indiana geological survey), which out-
crops 12 to 15 miles to the eastward, in the Ditney
quadrangle.

At the Diamond mine, Evansville, the coal is
250 feet below the surface, or about 135
above sea level. The bed in this mine is 4 feet G
inches in thickness, overlain by 2 feet of black
shale, which forms a fairly good and strong roof.
Below is 2 feet of firm fire clay, underlain by lime-

In the course of the |

feet |

| volatita| Tota | |
Fixed |combus- combus- i |
thhle [ =7 |

'Hlﬂdn.t,-| Sul- | Total ‘

| carhon., | tlhla s, phur, | wmste,
| makier, | matter, | | |
[ | |
. | S : [ . !_I_; |
........... | 59.70 | 23.90 | 83.60 | 7.80 [ 8.00 |......| 16.40 |
............ 51.18 | 22.71 | 83.00 | 11.02 | 5.00 | 1.88% 16.11 |
............ 48.14

88.59 | 86.78 | 0.83 | .44 | 1.85 | 14.12 |

ntoly distormined.

The general dip of this coal in the southern
' portion of the quadrangle is northwestward at an
| average of about 5 feet to the mile. From an ele-
vation of 135 feet above sea level, near Evansville,
it descends northward to 50 feet at Fort Branch and
30 feet at Princeton, westward to about sea level
in the extreme southwest corner of the quadrangle,
and northwestward to probably a little below sea
level at New Harmony.

Millersburg conl.—This coal, which in the Dit-
ney quadrangle, on the east, lies 70 to 90 feet
above the Petersburg and is several feet thick, is
not mined in the Patoka quadrangle, but three-
fourths of a mile northwest of Stringtown a coal
supposed to be the Millersburg is reached by a well
at 150 feet below the bottom of the valley, or about
235 feet above sea level. In Evansville two wells
situated near Pigeon Creek penetrated the Millers-
burg bed, here about 18 inches thick, at depths of
152 and 180 feet below the surface, or at 98 and
100 feet, respectively, above the Petersburg. At
Fort Branch this coal is 3 feet 6 inches thick and
is reached 254 feet from the surface; at Princeton
the deep borings penetrated it at depths varying
from 201 to 260 feet, the interval above the Peters-
burg bed varying from 120 to 145 feet.

Parker epal.—This is an unimportant coal, vary-
ing in thickness from 6 inches in its purer form to
18 inches when shaly, which occurs about 90 or
100 feet above the Somerville limestone. It has
been stripped in a few places for use in threshing
machine boilers, but is generally too thin and
impure to be of value. The thickness reported
in wells is somewhat greater than that observed in
outerops, which are nowhere such as would warrant
development.  The outerop of this coal outside of
the drift area and also within the drift area as far
as it can be definitely traced is shown on the
geologic map.  The thin coal about 70 feet above
the river at Patoka, the coal at or near the same
level in the bluffs 2 miles northwest of town, the
thin coal near the flood-plain level on the south-
west side of Gordon Hills, and the eoal in the hills
' northeast of Owensville are believed to be the
equivalents of the same bed.

Friendsville eoal—This coal, which is of zome
importance west of the Wabash, occurs about mid-
way between the Parker and Aldrich beds. It is
usnally associated with a limestone that is from 2
to 6 feet thick. The coal in Indiana rarely meas-
ures over a foot in thickness and is frequently
absent. So far as known it has not been worked,
even for local supplies.

Aldrich esal.—The Aldrich coal is another thin
coal and lies from 50 to 70 or more feet above the
Parker. Like the latter it is generally associated
with an overlying limestone, though in some places
the limestone occurs beneath it and at other times
is wanting. At its outcrop it shows a thickness of
| 7 to 20 inches. It is of a somewhat better quality
than the Parker, and has been worked at a consid-
erable number of points in the past. The old drift
in the bluff 1 mile southwest of New Harmony
and the outcrops 6 miles southwest of the same
town are probably on this coal, as are also the out-
crops near Kilroy and along the base of the Mum-
I ford Hills. Tts greatest development, however, is
along MeAdoo Creek 2} miles west of Wadesville,
where it has been stripped at a number of points.




The outerop is shown on the geologic map. West
of the outerop it is encountered in many of the
wells, the records showing the dip to be nearly flat.

Miscellaneous coals.—Because of the thickness of
loess and of glacial till and gravel it is impossible
to trace the coals continnously in the region north
of the drift boundary, and correlation is, there-
fore, uncertain. A coal which underlies a lime-
stone, probably the Somerville, outcrops with a
thickness of 18 to 24 inches along the bottom of
the tributary joining the Patoka from the south-

east at a point about 3 miles northeast of Prince- |

ton. It has been worked occasionally. A coal
about G inches thick, belonging to the same gen-
eral horizon, occurs beneath a thin limestone at the
level of the flood phﬁn at Townsend’s quarry.
The black shale exposed near low-water level

beneath the bridge one-half mile southwest of the

quarry is probably to be correlated with that over- Ir
About 50 |

lying the coal at the quarry section.
feet above this horizon there is another coal, gen-
erally 6 or 8 inches thick, which has been seen in

the ravine in the center of sec. 5, T. 1 8., R. 10 W, |

and in the bluff southwest of Patoka, about 13
feet above the river.
bluff section at Patoka 50 feet above the coal just
deseribed, and again in the ravines 14 miles north-
west of that town is correlated, as has been indi-
cated, with the Parker bed.

There is a general coal horizon along the bluffs
on the south side of the White River near Hazle-
ton. Three miles east of that town and just outside
the quadrangle a coal several feet in thickness is
stripped in one of the ravines, and an abandoned
mine, in which the coal is said to have been 30
inches thick, is found farther north, on the face of
the bluffs. The coal appears to be both overlain
and underlain by sandstone. A mile and a half
east and a little north of Hazleton a coal, appar-
ently at or near the same horizon as the preceding,

shows just beneath a 10-foot bed of massive lime- |

stones, At the town itself neither the coal nor the
limestone have been reported, but a mile west of
the town a thin coal is found resting on top of the
limestone instead of beneath it, and 2 miles west
of the town the coal outerops in the bluff on the
north. gide of the White River with a reported
thickness of 3% feet. The outerop is on a level
with the river, in the bed of which it outerops
with a thickness of 14 inches. It is extensively
worked Dy stripping at the Wharf mine.

COATS IN ILLINOIS.

Friendsville coal.—The only coal of importance |
in the Illinois portion of the quadrangle is the

Friendsville bed. This coal outerops near the

town of the same name and possibly at a few other |

points, but it has seldom been opened on its out-
crop. It underlies the surface of 'Wabash County
at a moderate depth from a point north of Friends-
ville southward to Bellmont and Keensburg and
westward to the bottom lands of Bonpas Creek,
but no coal that could be correlated with the
Friendsville bed has been reached by the wells
west of this creek in Edwards County, although it
is reported in a well just east of the creek, 11 miles

The coal occurring in the
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| sonthwest of Cowling. A deep drilling at Gray-

| ville, made expressly for information regarding
| coals, failed to find any over a few inches in thick-
ness, indicating that the Friendsville vein has
pinched out from 4 feet to nothing in the 3 miles
stretch between the town and the well mentioned.
' The bed has not been recognized in the wells at
Mount Carmel, and there is every evidence that it
 has likewise pinched out to the east.

The Friendsville coal, when at its best, main-
| taing rather persistently an average thickness of
about 3 feet and iz often accompanied by an over-
lying limestone which in turn is in some places,
especially in the northern portion of the quad-
rangle, overlain by a massive sandstone. It is
mined by a 36-foot shaft at the Couch and Adams
mine, a mile east of Friendsville, and by a 52-foot
shaft at the Grigsby mine, 2 miles southeast of
that town. One and one-half miles south of Bell-
mont the Bellmont Mining Company has sunk a
ghaft reaching the coal at a depth of 36 feet. In
the McClearys Bluff shaft, 3 miles east of Cow-
ling, the coal, here 4 feet thick, was reached at
‘a depth of 35 feet, or about 10 feet below low-
water level of the river. In the past this coal

has been mined at Sugar Creek, at Maud, and | |
‘at several points in the region just northwest

of Mount Carmel. The coal burns moderately
freely, but has a large ash constituent and does
' not coke.

The dips of the Friendsville are more irregular
in character but less in amount than those exhib-
ited by the coals in the eastern part of the quad-
rangle; the general dip, however, is still westward.
The highest altitude at which the coal occurs is
from 450 to 460 feet, these altitudes being reached
at a number of points between Mount Carmel and
Friendsville. East of Friendsville it declines to
400 feet or less near Crawfish Creek, while to the
west, southwest, and south, a gentler but more per-
sistent dip carries it to an altitude of about 350
feet in the vicinity of Gards Point, 385 feet at
Maund, 395 feet at Bellmont, 360 feet at Keens-
burg, 370 feet at Rochester, and probably 335 feet
1% miles sonthwest of Cowling.

The gap hetween the rock outerops on the oppo-
gite sides of the Wabash Valley is of such width
that any correlation of the beds on the two sides is
' subject to doubt, especially when the great varia-
bility and inconstaney of the smaller coal beds are
considered. If, as appears somewhat probable, the
4-inch coal that occurs in the bluff at Grayville a
few feet above the flood plain is to be correlated
with the Aldrich coal of the Indiana side of the
river it would seem probable that the Friendsville
' bed is to be eorrelated with the thin ecoal between
the Parker and Aldrich beds of the Indiana side,
as has been done.

Aldrieh eoal—What is supposed to be the
Aldrich coal ounterops just below the flood plain
|at the Illinois Central Railroad bridge south of

Grayville, in the river bluffs at that point, in a
 bluff facing Bonpas Creek 3 miles to the northeast,
| at McClearys Bluff, in the bluff' at Rochester, and
I probably at a number of other points. It is, how-
| ever, too thin to be worked.

BUMMARY.

Thickness of coaly in Patoka guadrangle and vicinity.

l | i
Nearest town, | Loeation. ! Bource of information, Depth. | g Coal. |
| E
Feel, |Feet,
Hazleton ...... . Thorn place, Donation .........ccovsrvvvensns BOPIME co0iviiiiarisinaianna 44 11
| 105 | 1 | Millersbuorg ?
221 | 4 | Petershurg?
Hazleton ......| Top of bluff 2 miles east of town.............| Boring ........ccooiiiiiiiisss 116 | %
172 | 1% | Millersburg ®
Hazleton ...... Bank of river, 2 miles west of town.......... Wharf mine ...... 4
Patoka........ Bluifl gouth of river...........c.c0ve0ens (D TRBONTNEN o x xin m s = i e 1 | Parker.
Princeton ..... Tndian Creek, northeast of town.............| Outerop e Ao 2
Princeton ..... HE 3eec. 0, T. 2R, B 10 W.ooiorinrninnnns. KEurtz deep bore.......... 148 | 1
258 | 24 | Millersburg.
Princaton .....| Bee. 5, T 28, B 10W . ...orieiicriciccnnans Kurtz shallow bore...........| 80 [ 4
Princeton ..... Bee. BB(NT. 18, R 10W ................ovo.| Bhaonon well........c.coovtet T | 1% .
| Prineeton ..... | BE. 300 19 T 28, B 11 W.....oovrnsinnnna| Oawaldshafh .......c0c0na... 430 | 6 | Petersburg. |
Prineeton ..... | North edge of toWn -« cvvevvvnciinninnas Interstate Gas & Oil Co.'s well 880 | 7 | Potershurg. |
| ; ' | 400 | 4 |
A 816 | 6 | |
.| Princeton .....| "W.3eee. T 28, . R0 W..oonomnenenannae Bvanswell. ..o.oovvviiuinnnnn 62 | 13
281 | 4 Millersburg.
402 | 6 | Petersburg.
:l 514 | 6 |
2 I

Thickness of coals {n Patoka quadrangle and vieindly —Continued. -
| [T
Noaroal Low. | Laocation. Souree of information. | Depth. | .3 ' Conl.
| Rl
| I ‘ Feel, |Feel |
]. Princetom .....| Near preceding. ....cvcoviiianinrnnmnnnannaans | Deapwell....ccooiniinianinann g0 | 1% |
: ' | 283 | 3 | Millershurg.
! | 422 7 | Petersburg.
! : S T iy
. ; 598 | 4
: 628 | 83
! 610 4 | i
Princeton .....| 8W. 3 eee. 7. T.2 8, RRIOW........oooaten B 1 | e e | B35 | 6 | Petersburg.
| | 470 |6
| G70 | 6 !
i 30 | 7
' I | 1020 | B
| Princoton......| BE. $e8ec. 7, T. 28, R 10 W...... ...........| Thompson well............... | 821
| I [ 281 |2 | Millersburg.
I | | 806 | 6 | Petersburg.
I ; | 462 |6 |
| | o0d | @ [
| T2 | G |
Princeton...... NE. 800 18 T 2B, B 100 W. covvonummmunssn Southern B. R. shops well....| 199 | 2 | Millersburg.
| | 848 | 7 | Petersburg.
. 451 | 2 |
Fort Branch...] Peter Hoffman plase. ......ocoinviiiians oo 1o | Rt SRRt S o8 |1 |
178 | & ;
. 250 | 84 | Millersburg? |
' . a0l | 5 | Millersburg. |
Fort Branch...| Grova Mill.......ccciveveiimiiiinnnnsisnsrnnes I o e T, Sy e Y 408 | 7 | Petersburg. |
oA | AW. deec. 19, T.1IN, R 12W................| Conch & Adams shaft........| 8¢ | 8 | Friendsville.
Friendsville ... W. dooe 8L T 1IN, B I3 W.......covnnee...| Grigaby sbalt................. 82 | 4 | Friendsville.
Friendsville ...| 8. docc. 86, T.1 N, B 183 W. ......oi0iiauun ! e e e SRS e 70 | 8 | Friendsville, !
Friendsville ...| 8B, Jpec. 35, T. 1 N, B 13 W........cocan... P ) R SR R L 20| 4 |
(Fards Point .. A BE. sec. 30, V1 N, 1B W...oocvvvnrearen ] e e P e | 65 | 13 | Friendaville, [
Mount Carmel.| NE. }sec. 8 T.1 S, B 12 W......coviiinnnn P O S A B e s e e | 14 | Friendsville, |
Grand Roapids.| Government quarry ......ovviiiiiaaiannassss e R A i e S ' 1 :
Mount Carmel.| 1 mile west of town. ... cvierniiiiiniincnann.. T 1T ol e o A SO ot o it 500 | 12 | Petersbuarg. |
Mount Curmel.] NE. feec. 18 T. 18, R 12W .........coeaud L S SRR R ST L 0 Friendsville. I
Friendsville ...| 8. eec. 1. T. 18, B 13 W......coocvvaiinnsn | i | R SR S Do oW a3 | 8¢ | Friendsville. |
Friendsville ...| NE. }eec. 3 T.1 8, R 13 W......covnennn | e 0| 2 | Friendsville. |
l 11 | 1 | Friendsville. |
Friendsville ... NW.4$sec. 8 T. 18, B 13 W..........co0ai | e e e S e 28 | 4} | Friendsville. |
Mount Carmel. NE. fsec. 12, T. 18, R 18 W.................]| L R e s 85 | 2 | Friendsville. I
| Mount 'f_.'ﬂrme'l._ W. +sec. 12, T.1 8, R. 18 ‘“i'! | e e 65 | B | Friendsville. |
| Mount l:lurlm-.-'l.é BE. §oce. 18, T 18, B. 13 W...........iivas Abandoned shaft............. | 8 | Friendsville,
| Monnt Cnrme'l.! S.}RM.!#,T.IH..H'..lE“’...............-..-_ Well . T - Yk Friendsville,
Bellmont ......| By 18, 18, B 1B W . ... i v e | v\ )| e TR ST RESIE SV (e I 3
Mand.......... NW. $sec. 22,T.15, R 138 ‘r"r'...-............_“"ell 35 | 21 | Friendsville.
Monnt Carinel.| NW. 3eee. 24 T. 18, R 18 W......covvnven. | Well | ¥ | 3 | Friendsville. |
Mount Cormel.| NW. $eec. 25, T 18, B 18 W.....oouvennnnnd| Well ......coveiiiininnnnnaaa|, 40| 1§ | Friendaville. |
| Mount Carmel. N. $see. 25, T. 1 8, R 13 W.....coov0ven | Rallroad 0k, .. oocnsenncasnas | 2 | Aldricht {
| Moud,.........| BW.  see. 27, T1i18, R I3"|.||."_.....,,._,.....iT.VHII ......................... : 15 :TI i Friendsville. |
! Bugar Creek...| BE. fsec. 85, T. 18, R 18 W................. ' 1 L T S o wrala | 3|1 | Friendsville
| Sogar Creek... | N.3egec. 2, T.28, R IBW.....convn v O ahalt - i et 50 | 83 | Friendsville,
I Mol =0 NE 3eec 88, T.1-8, B 18 W ooieus Well Seedieal S5 - TH e 40 | 43 | Friendsville.
T, e TR D W T B R L i | R SRR W e, S 50 | 24 | Friendsville.
' : , 123 | 1
Bone Gap...... T N R R T
Bone Gap ..... | NE. 2oe. 17, 1. 18, B T4 Woieirervunsarsais Well ...oineeniiieiiaiiiaen 125 Friendsville?
Browns ....... 0kt ey o o S, S SRR R - L D R i o] [ L
Bellmont ... Center sec. 36, T.1 8., B. 14 Weovvreuurrnnnas L s R e S | 125 | 4
i - | 178 ‘ 6
Eeensburg ....| NW. ee0. 8 T. 28, B 18 W.oivarornrnnnress] WaI coviiiiciioniainanianaad] 3 §|
Bellmont ... ... BW. +eec. 8 T 2 8, B IB W. . iivsnnernnnnns | Bellmont shaft...... a6 | 8% | Friendsville.
| Bellmont...... | BE $eec. T, T. 28, R IEW....ovivcivininass | e D atan o0, 180 | 14 _
| Bellmont...... P e 7, T8 G B LB o hie s e vt et el et e o 04 | |
| Keensburg i SR TV iR BEEOo i G St 00A GG G Well ....... 8 ‘ | '
| Keensburg ....| 8. 4806 10, T. 28, B LEW...oocavrunrinnnens | Well ..ccviinirrmsrasnnpnsnns [ 901 |
| i 200 | 4 |
Keensburg . ... MeClearys Blaff mime ...cooovnvvniieinnnnnns i Al R e e | 85 4 | Friendsville.
Cowling «..oovv NW. 3800 80, T. 28, B A W...ooiariarean:s e | R e e o | 54 83 Friendsville,
Owensville.....| West edge of town .-.covviiiiiiinsraianniiiis BOTIOE «oviovvscmsrnnrmnnnnune ! 186 4
Haunbstadt. ... dBee 3T 88, B LI W . ooiaiccannnaciannscannns] WOl wovsnissnnsionnaransannes G0 | 3
; 90 | 4
Haubstadt.....| NE 2sec. 6, T. 8 8., B 11 W...ooviniivnnsnss| OOBOTOP o iivinianianen saninn | 1
Haubstadt ... .. SE. 250010, T.8 8, B 11 Waurinrinrerrannns ERTOIR e e s |1 | Aldrich.
Haubstadt..... | BE. $8ec. 21, T. 88, B. 11 W.ovoviaunnnnniass | e e 140 | 14
| Cynthiana.....| SE. 1066 7, T 48, R IBW....ooooerivnnnnd Well oovviieiicinninnionniannn 180 | 14
Cynthiana.....| W.4sec. 10, T.4 8, B 18 W....ovi0ee wannne e L S e B G 00 A0 O e e 0|4
(e N e e B | w2
. . | 105 | 8f |
Stewartsville ..| NE. }sec. 2 T. 48, R 18 W .......c..cooonn | Well | 80|38 | Parker.
gt James. ..... B odeee 12, T. 48, R 11 W....oocovvivenieao| Well 25 | 1 | Parker.
St. Wendalls...| 8R. $pe0. 88, T. 48, B 12 W..oivueianaraes] Wall covniuciaiien vvinnanan. 60 | 2 | Parker
8t. James......| BW. $s0e. 15, T. 4 B, B 10 W...oooiervennns VR oo i e it 5o | 8 |
Armstrong. .. .. | AW, 280 10 T. 6 3, B 11 W..oovvnieinnnnns Well g0 | 8 |
St Wendells. I NE. fgec. 12, .68, R 12 W...... Well ... 80 | 1% | Parker.
Wadesville ....| NE. $pec. 1L, T.5 8, B 18 W..ocooiovaennn. Outerop 1} | Parker.
Tillpphsiscacc v 2 | g e T AT N v v D S o e o 65 | 1 | Parker.
Evansville ..... | Ingleside MDA . ioviareriirrnssisennresnas| Shalt e | 157 | 8 | Millersburg.
: : 261 | 4 | Petersburg,
| 58 6|
Mount Verpon. | Inclby....c.ooinininiiiiiaaiis i iiianaas BOPIDE - ... e cianee o caanan I 1156 ‘ 1
! i 301 | 13 .
- ern part of Gibson County, Ind. A number of

instances occur in the vicinity of Fort Branch.

Coals up to 18 inches in thickness have been | No samples have been seen, but from descriptions
reported in connection with unconsolidated depos- | some of the material would seem to be a fair grade
its in a large number of wells sunk in the glacial | of lignite. The lignites appear to oceur in a dark-
drift of the Patoka quadrangle, and especially in | grayish clay, usually reported as “blue mud,” but
that portion of the quadrangle lying in the south- | they are also in some places associated with water-



" bearise sands and gravels, often resting npon con-
siderable thicknesses of these materiale.  Though
apparently sometimes overlain by till, the beds
associated with the lignites are probably water
deposited.  They are of no economic importance.

3 OIL, GAS, AND ASPHALT.

Five or more wells reaching a depth of 500 feet
or more, one of them more than 1200 and one
more than 1400 feet deep, have been drilled at
Princeton in search of oil and gas, but have met
with little success. Small quantities of gas were
obtained in nearly all of the wells, and in one or
two of them very slight indications of oil are said
to have been obtained,  Neither gas nor oil, how-
ever, was found in sufficient quantities to be of any
commercial value.

During the drilling of a well by the Interstate
Gas and Oil Company at Princeton, in 1902, a
H-foot bed of asphalt was reported at a depth of
about 500 foot, or a little over 100 feet below the
Petersburg coal.  Small samples of the material
brought out by the bailer showed the asphalt to be
a jet black, nearly pure variety closely resembling
Trinidad asphalt in its reactions to physical and
chemical tests. A small bed of similar material is
reported to have been encountered in the old Hall
well, on the southwest outskirts of Princeton,
about a mile south of the new well, while in the
Oswald mine, three-fourths of a mile to the west,
a black substance, known as liquid asphalt, seeps
into the bottom of the mine at 430 feet to such an
extent that some of the rooms have been abandoned
and closed. It is said to enter through a nearly
vertical “break™ filled. with elay.

The fact that wells reaching depths of over 1000
feet have been drilled at only one point shows that
the territory has been by no means carvefully tested.
None of the wells have reached the Trenton lime-
stone.  While there is nothing to indicate the
presence of oil or gas in the region, there is noth-
ing to indicate its absence, and it is not impossible
that drilling may develop pools of commercial
value.

In general it may be said that the positions that
are geologically most favorable for drilling are the
low anticlinal swells and the flat areas of the rocks
just east of the points where their westward dip
changes from low to steep. The most pronounced
anticlinal swell is between Friendsville and Mount
Carmel in the northern portion of the quadrangle,
while the most notable flat area extends from north
of the Claypole Hills southwestward to the south-
west corner of the quadrangle. Flat dips are also
encountered to the west of the low anticlinal swell
mentioned. Both of these areas of flat rocks are
marked by many minor undulations of the rocks,
some of which are brought out on the geologic map
by figures, which show the depths to the Friends-
ville eoal in the northwestern portion of the quad-
rangle. These minor irregularities are, perhaps,
more likely to be important as regards the occur-
rence of oil or gas than some of the broader
features, but they do not usually extend farther
than a few hundred yards, and in most cases their
location can not be predicted.  In the eastern half
of the quadrangle the dips are more pronounced,
and are less favorable to the occurrence of the oil
or gas in definite pools.

CLAYE.

The clays of the Patoka guadrangle fall into
two general classes: (1) Fire clays or the refrac-
tory clays occurring beneath the coals and else-
where in the Carboniferous formations of the area,
and (2) brick clays, including the less refractory
clays, argillaceous shales, till, loess, and alluvial
clays. The clays of the coal-bearing rocks of
Indiana have been investigated by W. S, Blatchley,
State geologist, and the results are published in
the Twentieth Annual Report of the Department
of Geology and Natural Resources. The portion
of the following discussions relating to this class of
clays is based largely on that report, but the dis-
cussion of the other types of clays is based on the
present field work. .

Five elays—These clays occur in beds of rather
widespread oceurrence beneath most of the coal
seams. East of the Wabash the thickest beds
known are at Princeton, where they have been
penetrated by several borings and by one shaft
sunk through the coals. Below the higher thin
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coals is a bed 1 to 7 feet in thickness, the upper
half of which is said to be of excellent quality for
terra cotta and similar products. A second bed, a
tough, plastic fire clay 1 to 3 feet in thickness, and
appearing to possess high refractory properties, is
sometimes found below the Millersburg coal. Three
miles east of Princeton, along Indian Creek, an
under clay, 4 feet in thickness, outerops beneath a
vein of coal, and 1% miles north of town is an
outerop 4 feet in thickness.  Both these clays are
said to be of high refractory quality, and have been
used locally in making fire brick for furnaces and
kilns near Princeton.

At the sonutheastern edge of the quadrangle the
Evansville mines show fire elays beneath both coal
beds. That below the worked or Petersburg seam
is said to be of quality similar to the clay associated
with the same bed at Princeton. It contains some
pyrites, which can be easily removed, but is not of
so good quality as that below the Millersburg coal.

In Wabash County, Ill, fire clays have been
reported in a number of deep wells.? At Mount
Carmel several beds have been penetrated, one
showing a thickness of 9 feet being found at 49
feet below the surface, one of 3 feet 10 inches at
62 feet, one of 4 feet 2 inches at 154 feet and
above 7 inches of coal, and one of 3 feet directly
helow the same coal.  The coal outeropping along
Bonpas Creek, between Grayville and Cowling, is
underlain by a light-gray fire clay, and in Craw-
fish Creek, sec. 5, T. 1S, R. 12 W., a bed 4 feet
thick and of good quality iz reported.

Clayz other than fire elays.—Clays useful in the
manufacture of common building brick and drain
tile are of wide distribution and arve worked at a
number of points. The most valuable deposits
consist of loess and of argillaceous shale.

The shales, known locally as *“soapstone,” are
abundant throughout the quadrangle. The colors
vary from blue to buff. They are often almost
free from grit and where weathered are soft and
soapy, although in fresh exposures they may be
firm and hard.  The largest pit is operated by the
Evansville Pressed Brick Company, and is situated

just north of Pigeon Creek on the State road,

where the following beds are exposed: Loess, 15
feet; soft, drab argillaceous shale, 10 feet; blue
arenaceous shale, 10 feet; and sandstone (only top
exposed).  With the exception of three bands of
kidney iron ore, each 2 inches in thickness, the
entire argillaceous bed is excellent material. For
making brick it is mixed with the overlying loess
and enough argillaceous shale to form one-fifth of
the whole, making a mixture with the composition
given in Column I of the accompanying table of
analyses. It forms a valuable vitrified brick, which
is strong, tough, and non-absorbent.

An exposure along the roadbed of the Southern
Railway southeast of Princeton gives the follow-
ing section: Soil and loess, 12} feet; sandstone 6
feet; gray argillaceous shale, 8 feet. The analysis
of the shale given in the second column of the
accompaning table shows it to be of good quality
for paving brick. Aside from the two instances
mentioned, shale is not known to have heen used
in the quadrangle.

A number of pits in the loess now furnish
brick clay of good quality. Two of these are
located at Prineeton, two at Mount Carmel, and
one each at Owensville, Haubstadt, Cynthiana,
and Poseyville. At Evansville, just outside the
limits of the quadrangle, a score or more pits are
worked.  All the eompanies make soft mud brick,
and occasionally small ontputs of tile are reported.
The plants generally run only five or six months
of the year, and the entire production is usually
retailed within a few miles of the kilns.  The red
type of loess throughout the quadrangle is thought
to be of fair quality for making ordinary brick.

At Princeton, in the southwestern part of town,
there is a large yard where the following section
has been opened: Loess, 10 to 15 feet; red pebbly
till, 10 feet; buff stratified sand, 10 feet. The
loess in this pit is a good brick clay, and the under-
lying bed furnishes sand for the molds. The
annual ontput of bricks is said to average 700,000,
of which about one-third is shipped out of town.
No analysis of the clay from this locality has been
made, but Column IIT of the table gives the com-
position of the loess at an opening in southeastern

1 Worthen, Report on the Econowical Geology of Ilinois,
vol. &, pp. 383-808.

Princeton, indicating a very pure clay, with a
remarkably low percentage of lime. The only
other yard at Princeton is located near the junction
of the railroads, 1 mile northwest of the center of
the town.

A brick yard near the station at Owensville uses
the loess and produces a fair output of brick of
good grade. At Fort Branch are the works of
William Pope, where tile has been manufactured for
15 years, but only since 1902 has the production
of brick been attempted. The pit when visited
was entirely in the loess. The works of George
Wehler, one-half mile west of Haubstadt, have
produced common brick for several years, the
output being reported to average 500,000 a year.
The clay bank is about 7 feet in depth, and as the
lower portion is a little tough, it is necessary to

mix material from the upper and lower portions of

the bed to produce a brick that will not erack. At
Cynthiana brick making has been carried on for
many vears, but the only plant now running is
that of Redmond & Company, which produces
about 700,000 bricks and 3000 to 4000 rods of
tile in a year. The maximum depth of this pit is
8 feet. To obtain the best consistency the materials
from all parts of the bed from top to bottom are
mixed. Fairchild's tile and brick works, 1 miles
southeast of Poseyville, have been operated for
over 30 yvears. The loess iz here less than 5 feet
thick and rather sandy.  Three miles northeast of
Inglefield is a loess pit which formerly produced
good elay but which has not been worked for many
years, At New Harmony there has been a small
brick industry for many years, the clay coming
from alluvium on the upper portion of the flood
plain north of the town, at the works of George
B. Beale. The pit is 8 feet deep; the top is a
tender clay, which is mixed with one-fifth part of
the underlying terrace sand to make it suitable for
n=e,

The only one of the numerous plants at Evans-
ville which comes within the limits of the Patoka
quadrangle is that of Henry Alexander, on First
avenue, north of Pigeon Creek. The pit is 4 feet
in depth and the loess is toughest near the bottom.
About 600,000 bricks are made annually.

Till

is not known to have been used in the

quadrangle for the manufacture of brick, and |
although the more clayey forms are often suitable
for making a fair grade of brick, the su]wriur:
| 2 miles north of Gards Point, in the northern por-
| tion of the quadrangle.

quality of Joess makes it unnecessary to use poorer
material.

buff' in color, though gray, or even nearly white
' types are noted.  Brownish, reddish, and purplish -
tints are frequently present as the result of weath-
ering. Outcrops are especially numerous east of
St. Jogeph and Armstrong.  Fine exposures occur
in the railroad ent near Inglefield, at a place 1 mile
northeast of St. Joseph, and in many of the
ravines between Inglefield and St. Joseph. The
sandstone has been quarried on a small scale east
of Inglefield and east of Wadesville. The rock is
usnally very soft on quarrying, but hardens some-
what on exposure. Long continued exposure to
the weather, however, frequently causes it to scale
or even completely disintegrate, making it undesir-
able for important structures.

The sandstone over the Parker coal is a cliff-
making sandstone, and outerops in the Gordon and
Claypole hills, and at Grand Rapids, Hanging
Rock, and Skelton Clff. It is an even-grained
buff' to gray sandstone of rather pleasing appear-
ance, but, like the Inglefield, scales or ecrumbles on
exposure. Large quantities were quarried at the
northern end of the Gordon Hills for the piers of
the Bouthern Railway bridge at Mount Carmel, but
the stone was found to scale badly and it became
necessary to cover it with a protecting coating of
cement. The same sandstone was also used in the
construction of a dam at Grand Rapids.

The sandstone over the Friendsville coal is a
thick bed outeropping in the Mumford Hills, at
the lower end of the “cut off” near New Harmony,
at points northeast of this town, and along
McAdoo Creek. In the northern half of the
quadrangle the sandstone is found just over the
Friendsville coal. It is gray to buff’ in color, and
in the southern half of the area frequently shows
cementation by erystalline caleite. It has been
quarried at several points, and has been used by
the Illinois Central Railroad in some of its bridges
and in the levee along the bayou.

Thick sandstones outerop in the hills southeast
of Hazleton, but in general are too soft to be of
use, though certain layers are sometimes worked
for loeal supplies. At Townsend’s quarry, 3 miles
northeast of Princeton, a gray stone of fair quality
is taken out in some amounts. Both probably
belong to the Inglefield formation. Sandstone was
formerly taken from the river bed at Rochester and
between Rochester and Mount Carmel. A higher
sandstone, of the Wabash formation, is quarried

Analyses of brick clays.
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RBUILDING STONE.

Sandstone.—There are three general horizons of
sandstone in the Patoka quadrangle. The first,
which includes the sandstones of the Inglefield for-
mation, is the most important, though the second
and third, the sandstones over the Parker and
Friendsville coals in the Wabash formation, are
strongly developed in many places.

The sandstones of the Inglefield horizon occur
mainly in the lower half of the formation, the

beds, which include a few thin partings of shale, |

sometimes reaching, as in the bluffs in the valley
east of St. Joseph, an aggregate thickness of more
than GO feet. The faces of the cliffs are frequently
vertical and are marked by the presence of cavities
due to weathering. The sandstones are mainly

Analyses I and 111 are by Robert Lyons; Analyses IT is by W. A, Noyes.

Limestone.~There are three rather persistent
limestones within the limits of the quadrangle: (1)
in the Somerville formation, (2) over the Parker
coal, and (3) over the Aldrich coal. Neither of these
is everywhere uniform in lithologic character, each
varying from light-gray shaly forms through darker
| gray fossiliferons varieties into compact and almost
 black types. The portions of the outerops of the
| three beds that lie outside the boundary of the gla-
Ccial drift ave shown on the geologic map. Inside
this boundary they are difficult to trace.

The limestone in the Somerville formation is the
' only one that has been quarried to any extent.

Near the eastern edge of the quadrangle the lime-
| estone appears to lie in two benches, each generally
less than 10 feet thick, and separated by a few feet
| of shale or sandstone. A few miles farther west the




limestone appears to occur as a single bed, with a
thickness of 10 or 12 feet, and still farther west
and also farther north it is 5 or 6 feet thick. The
limestone has been used mainly as road metal,
though the more massive portions are sometimes
quarried for use in rongh masonry. A large num-
ber of quarries were formerly worked about
Evansville, and small quarries have been worked
farther mnorth, especially * near Kasson, Staser,
Kratzville, and Inglefield. i

The limestone over the Parker coal ig from 2 to
4 feet thick and was formerly worked for road metal
2 miles southeast of St. Wendells. It has also been
quarried -2 miles gouth of Armstrong. The
Aldrich bed runs from 2 to 6 feet in thickness, and
has been quarried in the past at several points
south of Big Creek. - Neither of the limestones
are worked at present.

A limestone, posgibly that of the Somerville for-
mation, occurs near the level of the valley floors
of the tributaries of the Patoka River northeast
of Princeton, and is reported beneath the sandstone
at Townsend’s quarry. - A limestone is frequently
found with the Friendsville coal, but it outerops
only for short distances near Friendsville. There

are also numerous thin limestones of local oceur- |

rence, but they are generally too thin to be of value,
though beds have been opened near Rochester,
north' of Mount Carmel, and at a number of other
points.

GRAVEL AND SAND.

Gravel is found at slight depths at many points
on the Wabash and White river flood plains, and

instances it has been hauled for short distances and
used as road metal, but in general no use is made
of it.

Sands are found at many points on the Wabash
and White river bottoms, and in the sand hills

(old dunes) along the east side of the Wabash |

Valley, and to a less extent near Patton, Keens-
burg, MeClearys Bluff, and Cowling on the west

gide. As a rule no use is made of this sand,

though there are two large pits west of Princeton
where considerable quantities have been taken out
for use in mortar and for other purposes in that
city. Small quantities are also oceasionally used
in sanding the molds, or mixed with the clay at
the various brick yards.

2OITA.

The region in which the Patoka quadrangle is
situated is primarily an agricultural one, and con-
taing some of the best agricultural land of the two
States.  The staple products are corn, wheat, hay,
and watermelons.  Sorghum, broom corn, and
tobacco are raised in limited amounts, Artificial
fertilizers are seldom used. Fruit is grown to only
a limited extent, though many varieties do well.
Apples, peaches, pears, plums, and grapes are
raised.

The soils of the Patoka quadrangle may be
divided into nine very distinet classes, shown in
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the first column of the accompanying table, which
gives the types recognized by the United States
Geological Burvey. By the refined methods of
physical and chemieal analyses some of these soils
may be still farther subdivided. These subdi-
visions, which are the results of detailed studies by
Mr. H. W. Marean of the Bureau of Soils of the
United States Department of Agriculture, ave given
in the second column. The third column states
briefly their ocenrrence in relation to the geologic
formations and surface deposits shown on the
accompanying geologic map., The mechanical
analyses and many of the details in the following
description as to the productiveness are the results
of the careful examination by the Burean of Soils.

Residual soils—Although the rock underlies the
loess and drift at very moderate depths over the
larger part of the uplands, it has been removed
only on the steep bluffs and the sides of the sharper
ravines. The soils of this type are usually stony,
sandstone fragments predominating, though occa-
sional shale soils were noted. The slopes on which
they occur are generally too steep for cultivation
and are covered with moderate growths of timber.

Drift soils—As in the ease of the residuary
goils, it is only where the slope of the land is so
steep that the coating of loess has been removed
| that the drift soils are found at the surface. The
soils are generally sandy or even gravelly, but
clayey types are not uncommon. Because of their
| limitation to steep bluffs and the sides of ravines
' they are mnever cultivated, but are generally
" timbered.

| A [
| Common loess soils—The common loess forms |

- ' . | o . s |
occasionally forms the surface layer. In a few | the immediate surface over the entire quadrangle, |
| except on the river and stream flats and over the |

narrow belts of sand and marl-loess hills along the

; borders of the Wabash Valley. It is generally of | |

' a light-buff to reddish-brown color, though becom-

Mechanfeal analyses of locss soils from a point I mile north
of Mownt Vernon, Posey County, Tnd.

| 38 | 38
Diaroekec i Conventional name, . _ﬁ% | '&H
E | %
10 ] ) o S e s 13.68 | 0.10 |
[ S| el el nb v 81.82  84.16 |
A5 -1 Very finesand.............. | 8.8 | 5.02
1 - .26 | Finesand .................. .86 50
25 - .6 | Medium sand...............| .08 | 13 |
| 4 1. i Coarsesand........... i ' 14 | .10
| ; Total mineral |1mttur....._.._..,,§ 96,94 | 99.90
| Organic matter, water............|

l ing pale at times. The upper 9 inches is usually

| fairly open, but below the limit it is more plastic,
tenacious, and clayey. Under -cultivation it
becomes ashy gray in color. The materials of the
loess were originally derived from diverse materials
that were scattered over wide areas and it thus con-
taing all the essential ingredients of an unusually
fertile soil. It gives good vields of corn, wheat,
clover, timothy, and would probably make good
tobacco land.  Fruit, especially apples, and some

9,47 i T
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Boils of Patoka quadrangle.

|
Desorterive Terwa Uaep v Tmis Fovto,

Residual soils. |

Dirift soils.

Miami silt loam.

|
Common loess soils, [
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n

| and White river flats.

garden vegetables are raised. The average yield of
wheat is said to be about 20 bushels and of corn
from 35 to 40 bushels per acre.  The accompanying
mechanical analyses by the Burean of Soils indicate
the physical character of the soil.

Mayrl-loess soils.—The marl-loess soils lie in two
belts, ome on each side of the Wabash Valley.
They do not oceur over the entire area mapped as
marl-loess, but only along the edges of the belts
next the river, the remaining portions being covered
with common loess. In color the marl-loess is a
pale yellow or straw color. It is also in somewhat
marked contrast with the loess of the common type
in composition, frequently earrying 5 per cent or
more of CaCO,, while the latter generally contains
less than 1 per cent. It weathers to a deep reddish
brown and frequently shows abundant lime, even
at the immediate surface, while in the common
type the lime iz ravely present at the surface. Its
soil is superior to that of the common loess, with
which it is sometimes mixed as a fertilizer, with
some suecess.  The following analysis, taken from
the Thirteenth Annual Report of the Indiana
Geological Survey (p. 46), gives a fair idea of its
character: ;

Chemical analysis of loess, Posey County, Ind.

1
| Amonnt. |

Constitwent.,
1

Combined molednke. . cov v iviinnnmessrinnansnns 1.86
Boluble organie matber...............0 e B0
Insoluble silicates. . oo v iiiinnsnrernnsronnanases T3.80
Carbondn aelld. e o e s T e 10,00
Lime..... et A, S Sy P o el Lt i L . 80
Magoesis oo vriiiiainrrrainnisnnarnivareeo| BT
Alumina and peroxide of iron....... .......... 2.80
o A e I .8
Toess ahd alkalles. . ..o vveevncnrnrinssannsnnsas I 1.55
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Sand-hill soils,—The sand hills of the quadran-
gle are of two types, the first including the rela-
tively fine white sands extending from Keensburg
westward to Bonpas Creek, and the second embrac-
ing the wider interrupted belt of coarse sands
extending along the eastern border of the Wabash
flats from near Hazelton to the southwestern limits
of the quadrangle. 1In general these sand hills are
so porous and are so well drained that they are
poorly adapted to general farm crops, but large
quantities of watermelons are grown, 500 to 1000
car loads being shipped annually from Posey
County. Stock peas are raised in small amounts,
and wheat does well if it follows melons in rotation.
Mr. H. W. Marean, of the Bureau of Soils, believes
that alfalfa might profitably be introduced.

River sands and gravels—In this class are
included the areas of coarser materials of both the
lower and upper levels of the Wabash and White
River flats. These areas, being limited to original

- depositional elevations, are of slight extent as com-

pared with the areas of fine silts filling the inter-
mediate depressions. In general the soils consist
of buff sandy or gravelly loams which nearly
always contain considerable quantities of fine silts
and in places are mixed with considerable quanti-
ties of vegetable matter, giving almost black colors.
In general the sandy soils are most common near
the immediate banks of the rivers, where additions
are constantly being made by overflow or through
the action of wind.

The higher portions of the sand and gravel flats
will yield an average of 25 bushels of wheat per
acre, and will afford good crops of clover or timothy.
About 40 bushels of corn per acre may be obtained.
The sandier upper portions in places yield good
crops of melons.

River sills—By the term river silts is meant
those finer deposits which have been mentioned as
occupying the original depressions of the Wabash
The material is largely
what may be termed a coarse silt. While much

finer than the sand of the preceding class of soils,

it is coarser than the clayey silts of the smaller
streams.  These silts appear to be composed of
particles which, as compared with those of the clay

 soils, are only moderately weathered. They con-

stitute, next to the loess, the most important soils
of the quadrangle, comprising the larger portion of
the Wabash and White river flood plains. Owing
to the very recent drainage of much of the area of
the flats, large tracts are still timbered. The
cleared areas produce large erops of corn, averag-

ing 45 bushels per acre. The lower portion# next
the river, are subject to annual overflow and are
never troubled with drought. They include zome
of the best corn lands in Indiana and Illinois.

An analysis of the river silts near Mount Vernon
shows 2.42 per cent of organic matter, 66.70 per
cent of silt from .05 to .005 millimeters, and 28.42
per cent from .005 to .0001 millimeters in diameter.
This soil is frequently underlain by a gravel layer
which is of great assistance in draining,

Lake and subordinate stream silts.—This class
embraces the silt deposits of all streams except the
Wabash and White rivers and the broad drift flats
marking the old lake beds. - Most of the material
is derived from the erosion and redeposition of the
loess and is therefore exceedingly fine and clayey.
The material is generally strongly weathered and
leached of its lime. The stream silts are generally
overflowed annually and are frequently wet
throunghout the year in places. Where artificial
drainage has not been established the old lake flats
are also very wet. Corn is the best crop, yielding
50 bushels per acre in places. Good crops of grass
can also be grown.

In the class of subordinate stream silts may also
be included the clayey soils of some of the low
terraces bordering many of the streams of the quad-
rangle, especially in the southern half,

Swamp deposits.—In this class are included the
black silts, mucks, and peaty deposits that oceur in
the various depressions of the flood plains and on
the broad drift flats. The depressions of the flood
plains are of two types, the broad, shallow depres-
gions, representing incomplete upbuilding of the
plains, and the relatively narrow bayous and other
abandoned stream channels. The broader depres-
sions are usually filled by the slow accumulation of
ordinary river silts, which are washed in at times
of flood, and which are mixed with accumulations
of leaf mold, ete., giving a black color to the whole,
Oceasional eypress ponds and swamps, in which
the accumulations are almost entirely of vegetable
matter, are found on the Wabash flats, especially
northeast of Mount Carmel, on the Indiana side of
the Wabash. The bayous are generally filled with
gilts mixed with large quantities of leaves, logs, ete.

Many depressions in the surface of the drift flats
marking the beds of the old glacial lakes have heen
oceupied by shallow water bodies even up to within
the memory of many of the present inhabitants.
The so0il of these portions consists of a black muck
containing more or less silt washed in from the sur-
rounding areas. The soil is very fertile and after
drainage yields as high as 50 bushels of corn, 25
bushels of wheat, 1% to 2 tons of clover, or 11 tons
of timothy to the acre. The higher portions of the
flats are characterized by the redeposited loess soils
of the previous class.

RECLAMATION OF RBOTTOM LANDS,

Ditehes—One of the notable features of the sur-
face of the quadrangle is the existence of numerous
wide flats bordering the present rivers and larger
crecks and also oceupying areas that are supposed to
have once contained the larger lakes, such as those
north of the Patoka River, southwest of Princeton,
east of Cynthiana, and about Poseyville. The
flats of both! types originally included extensive
undrained areas, shallow lakes of considerable gize
remaining in the depressions throughout the year,
even within the memory of many of the present
inhabitants. Within the last forty years, however,
and especially during the last decade, numerous
ditches have been dug and the lake areas have been
drained, and some of the finest crops of the region
are raised where the waters formerly stood. Even
now, however, though large areas, especially on the
Wabash flats, have been drained by the MeCarty,
Blair, Stunkle, and other large ditches built by
county aid, many square miles of bottom land
within the quadrangle are yet to be reclaimed for
agricultural purposes. These undrained areas sup-
port a heavy growth of timber, which is now being
rapidly cut off both by lumbermen and farmers.

Dikes.—The lowlands along the Wabash and
White rivers are protected in some places from the
scour of the overflowing waters in times of flood by
systems of dikes or levees. The most important of
these are located near Grayville, one on each side
of the river. The one on the south extends along
the neck inclosed by the sharp loop of the river on
which Grayville is located and has doubtless been



of infportance in delaying the formation of a cut-
off at this point. The second dike extends along
the west bank of the river from a point about a
mile south of Cowling to the southern portion of

the arvea in the southward loop east of Grayville.
FOREST RESOURCES,

Originally the forest lands of the Patoka quad-
rangle consisted of two well-defined types: (1) The

heavily timbered bottoms of the rivers and larger
streams, and (2) the more thinly forested areas
interspersed with open prairies of the uplands.
Sinee the settlement of the country, early in the
century, great inroads have been made into the
forested areas of the bottoms, especially since

11

As many as forty or fifty species of trees may be
found in a single 50-acre lot, and very seldom does
a particular species predominate over all the others.
This feature has done much toward the preservation
of the forests, the lumbermen in many instances
simply culling out the particular species having the
greatest value at the time. Rankness of growth is
especially marked in the abandoned channels and
in partially filled bayous. Grape vines up to 32
inches, trumpet vines up to 38 inches in circum-
ference, and immense cross vines are found pendant
from or clinging to sycamore and other trees from
5 to 10 feet in diameter, while the smaller vines
frequently form impenetrable networks.  Although

| one of the rarest of the southern species, the bald

Larger trees and shrubs of the Paltoka quadrengle,
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Bald eypress. ...... Taxodinm disticham ......o00vecaen Ponds of bottoms. .........cvaas 146 19 |18
Bed juniper......... | Juniperus virginlamm.......oo0000a0. L1 o e P e - I L i R R
Butternut .......... [ Tuglans cinerea........ e i sl Upland hills. ... .. ..coovnvaniaes L R S L
| Black walnut........ | Juglans nigra ....... v oe| Mpland Jallg. oo coninrnnnvmanna. 165 | 233 | L&
| Pocan .....covcenpod| HiCOMBPEOAN o onevenensimnsannsnmnes Bich bottoms.....c.oueisasnreiie, 175 |90 |18 | J. 8
l Butternut ...........| Hicoria minima........cccoviunarens B ORI i ot 20 e i AN s T Y N 6
| Bhaghark. ...cq..i 4 | Hicoria Ovabs: - caciiss ssssrmnsnns L T [ S et R P A e TP 129 | S [ - N
| Shellbark............| Hicoria laciniosa. ...........cc0 oo Rich bottoms. ... ..cuvevieinnnnas e ... 8 |J.8 |
: Mocker mob.....:o:::| Hicoris ol concaoiaminsnasizsanns Uplande . cv.ocvevsnsavansansasnaas 112 (66|10 | J. 8.
| =Plgnut ......0 a0, | Hicorin glabri: . -.covieeiniannaniass Bottoms and wet land............ 120 | sl J. B |
: Small pignnt l Hicorinodorntn. -« c-oovvnsvcananias, L L s 184 | 10 | R R.
| Black willow ........| Salix DTN e e ets e el e et Btreams and wet pIACeS. . ....ocvae fossirifossifinaes J. 8,
| Longleaf willow : SEallx Anwlatdls .o ooa e nnsaine) - ni | TORLATIAR. . o o e i m i el s T0 1} | B R.
. Large-tooth aspen...| Populus grandidentata. .............) Uplands ....ooovenninnnninn a7 ' | 4| R.R.
| Swamp cottonwood..| Populus heterophylla .......oooueens About ponds «ouieviesiriieiieinnfrrrnnna]ieas [oueee | J. 8.
| Clommon cottonwood| Populus deltoides.... ..............| Along streams... ... o0iaeeis 1m0 || % |J.8
| River bireh.......... ! Betnlamigra. ..kt Uplands..o- - oooovivsieiannaiiss 105 |....]10 | J.8
E1T e e e R ' Fagus atropunieen .......cocovevenn. Bottoms and along streams. ... ... 22 |10 11 | JA
Chestnot .....coccn .. | Castanes dentata. .......ooooeneisns UplandB . cosvavsasnssassannnsiaas 100+ |-celaeans R. R.
White oak...........| Querons Alba .. .ooeiarrerrmranissan. TTPARXINAR ;- - o 1o o ol el Bl o i 0 |60 18 | J. 8
Postoak. ........... I QOATONE MITOT . .. vessasressareansses Uplande and prairies ... ..oo.0.... 08 . [..../]10 | J.8 |
Buroak ............. Quercus macrocarpi. ......... fe i a e T e G e i o S o | 165 7222 o 3 o |
Overcup cak ........ Qunercos lyrata .. ... ...............0 Bottoms along swamps. .......... [ 1004 |onifonns. R R.
Chinguapin oak..... | Quercug acuminata............. ....| Bottoms and stream banks ....... .0 Reiat, pe I. 8.
Swamp white oak ... Quercus platanoides. .......c..ooien Bottoms and abont ponds ........ 1004 ! --------- E. R
Cowoak............. | Querens michanxii..........coo00eai) Bottoms and wet places .......... | 119 | {18 | R R
Bed oak......ccnne.. QUETETE FOUDPR. .o venerinnssnansnnns Along streaiis .. ..covvveanaiensss FRY, Sl M B R R. |
Searlet oak.......... QUercus coreimen . ...ovveeaenaeaan. Dirier bottoms and hills ..........| 181 ™2 |8 |
Yellowoak .......... Querens veluting .......oecevicinnnn ! Uplands and prairies............. | 160 |8 20 | T8
Spanish oak .........| Querens digitata ... ............ ... Uplands and barrens............. 1004 |..eufu...s R. K.
Pinoals. - e snns Querens palustris. ......cocivvieieenn ADont AWHINDE. . . ..o covvv e 185 |23 )12 | J. 8
Black jack........... Quercus marilandies ... ............. Band DAITONE ....ccvvvssesenrnaas | Sde o Bt oo J4. 8.
Wateroak...... .... ATV Tl or T [T o O DR e s |t SR RN e s PR P | o5 84 | H. R.
Bhingleocak.........- Quercng imbriearia....... ....c00. Wk BWAmMDE. .o cvvvveacnnmesrsnss ], RS R R.
Blipperyelm......... Uimue pubeseens . .. .........oceaeeasf Drier bottoms and aplandg ...... [ couei/nes | J. B.
White elm.......... Ulmus amerieans. .....ccovevene----- .| Uplands and drier bottoms. . ..... 119 | B B
Wing ali.....cc.coo.s| Tmmpalata ....covecien caviiainsnaes Lowrichlands .................. | I B
Hackberry ..........| Celtis oceldentalis ..........c.covnn. Bottoms and along streams. ...... | 188 4 - .
Bugarberry......... | Celtis mississippiensiz ...............| Bottoms and abont ponds........ 1004 [......... i B.R |
Mulberry ............| Morus rabra .....................-..| Drier bottoms and uplands ......| 6 |20 /10 |J. 8 |
Cucnmber-trea .. ... . | Magnolia asuminata. ........oonvoats Along Sugar Creek.............. 1004 |oooufeven| BB
Tolipbras. ... .conaens : Liriodendron tulipifera. ............ LT T i i o D O O 190 01 (25 | J. A&
T, T | Asiming triloBa. . . ooveererrnnnenennns | Uplands and bottom lands ....... 48 |....| 2% | BB
Bassafras ............| Bassafras sassafras. .....oocvevaeiiaes Drier bottoms and uplands ...... i 6| 8 i J. B.
Bweet gum.......... | Liquidambar styraciflua. ............ - BotbOMIB .« i sevvnrsrsniannrnnssnnes 164 80 |17 | J. 8.
BYCATIOPE., .0 vaneane. | Platanus oceidentalis. .. ............ | Wet bottoms along streams . ..... 176 68 83 |J. 8.
Wild cherry .........| Pronus serotin®. .......oc0ieeinennss | Upland hille. .......coiaieisnnsas 185 ' 104 | J. 8.
Honey loenst ........| Geditsia trineanthos................ Ipland hills. i ciien. ouugrnnnen e 156 61 18 | J. 8
Water locust......... Gleditgia aguatich......cocvivnarnnns .................................... 0 ' 41 | R R
Coffee-tree........... Gymnoeladus diolens. ............... | About swamps.......... O e 129 3 el 0
Locast...... ........| Robinia psendacnei................. BT SR IR S ]| o5 i 113 | R. R.
Sogar maple......... | Aser saccharom .................5... L 118 60|12 |J.8 |
Black maple......... | Acar gpccharom nigrom............. TPIBMAB . v o vsrassanmnmssmemnenns snpronsfanns | it J. &
Hilver maple......... Acer gaccharinum .....c..ocvvvannnnn| 13 [ ey cn - L e e R e | g ... E. R.
Red maple........... T0T2) d (e e b o D et Bt S RGO e L T S e |108 |60 |18 |J 8
Boxelder.............| Acer negundo ... ...ocociceiiini ] Uplands ... .occenvvirsnsnnnnineas| i 6 9% R.R
| Ohio buckeye........ Acsenlng ZIabra .. .o.eie i [ Uplands.........c.coonnveiinnenns g, |....] 8 | RE
Bazswood. ........... Tilin AT CATIR. « v vevneennnarrernnas Bottoms and along npland streams 1356 i) | g | J. B.
White basswood.....| Tilia heterophylla................... BRI e e e 100+ | P R
Black gum «o.vv ... Nyssa BAOEA ..o coovvnininiainiiiiens Drier bottoms and uplands ......[.......|......... J. 8
Persimmon .......... Diospyros virginiana ................ Drier bottoms and uplands ...... 115 |so| 53 |J.8 |
Blus ash............. Fraxinus quadrangnlata ........... Drier bottome ..........cccc0naae 14 .|| BR
Whitensh ........... Fraxinns amerieans . ...co.ocovannnns ULiat e T e A S S D - S s 144 90| 1T | J. 8
Bodash . ...vcernrs | Fraxinus pennsylvaniea............. Low gronnda . .....ooovvuviersa...| 188 16 : J. 8.
Greenash ........... | FPraxinns lanecolata. ... ..o.ovne vuves Bottoms and about ponds. .......| 1004 [....|..... | B R
Blackash............ Fraxinns DIgPn . ..coevvnncrannsranns Wet, mucky land. ......ccooaoeee..| 004 |oofoa. .. R R
Hardy eatalpa....... ' Catalpa speelosn....covovvrenicane. | Ly [T [ S R | 11 4| 6 |18
i ' |
#J. 8., Dr. J. S8chneck, Seventh Ann. Rept. Indiana Geol. SBurv., p. 52; K. R., Robert Ridgway, Proe. U. 8. Nat. Mus.

vol, §, pp. 53-67, 1882, and vol. 17, p. 419, 180,

the opening of the drainage ditches of the last
decade. On the uplands, however, there has in
places been a rapid encroachment of young forests
on uncultivated portions of the original prairie
lands. ;

The most marked features of the forests are the
absence of coniferous trees, the many species grow-

ing together, the great number of southern species,
and the rank growths of portions of the bottoms
Patoka.

eypress is probably the most noticeable of them all.
It is limited in occurrence, so far ag was seen, to the
eypress swamp just northeast of the junction of the
White and Wabash rivers. Large trees formerly
grew here, some of them measuring 22 feet or more
in diameter above the hasal swelling and 90 feet
high clear of branches, but most of the perfect trees
have now been culled out. They are associated

- with sweet gums and ashes of even greater size.

The accompanying table gives a list of the prinei-

pal trees of the quadrangle. Nearly all are of more |

or less value for lumber. Originally the cotton-
wood, hickory, elm, gum, Spanish oak, and syca-
more were the principal trees, but there were a
number of pecan, walnut, water oak, white oak,
bur oak, white ash, poplar, eypress, and a lesser
number of the other species. With the exception
of the water oak, sweet gum, black or yellow gum,
and the various hickories, a large proportion of the
timber of value has been cut. The trees just

mentioned, however, are still being eunt for timber

along the Wabash, important mills being located at
Mount Carmel and Grayville.

WATER SUPPLY.

The surface of the Patoka quadrangle may be sub-
divided into lands of two classes, the first including
the broad, flat bottom lands bordering the Wabash,
White, and Patoka rivers, characterized by a never-
failing water supply at slight depths, and the
second embracing the remaining portions of the
quadrangle, including the uplands and the rela-
tively narrow bottoms of the smaller streams, char-
acterized as a whole by a deficiency of water during
the summer months. The sources of supply are
streams, artificial ponds, springs, and ordinary and
artesian wells.

Streams—The only streams maintaining any
notable flow through the drier seasons are the
Wabash, White, and Patoka rivers. Of these the
Wabash is by far the largest—in fact, it is stated
that its volume at its junction with the Ohio River
is greater than that of the latter above the junetion.
During the summer the water is frequently nearly
colorless and carries but little organic matter. It
is nsed as a source of municipal supply at Gray-
ville, at the western border of the Patoka quadran-
gle. The water is not so wholesome as ecould be
wished, but it iz probably superior to that of the
Ohio River.

Next to the Wabash in volume is the White
River. The water, though not generally so clear
as that of the Wabash, is frequently nearly free
from sediment during the drier seasons, and is
probably equally wholesome. The Patoka River
is the smallest of the three perennial streams; in
fact, in seasons of unusual dryness it is hardly
more than a series of mud holes, frequently filled
with rotting logs, through which a weak flow is
maintained. The water is always highly charged
with sediment. It is, nevertheless the source of

| public supply for Princeton, the largest city within

the quadrangle, and although disagreeable in
aspect, does not appear to have any very marked
effect on the health of the users.

In wet years the Fox and Black rivers, and Bon-
pas, Pigeon, Big, and Flat ereeks maintain weak

flows nearly if not quite throngh the sammer, but -

in dry yvears dwindle to series of disconnected and
stagnant pools. All of the smaller streams go dry
each summer except a few that start from springs
and flow short distances before being absorbed or
evaporated. ; ;

Springs.—Springs are numerous in the sand hills
bordering the Wabash Valley on the east, especially
along the hase next the flats, and give rise to a
number of brooks, some of which flow for a mile
or two before they are absorbed by the sands and
gravels of the Wabash flats. It is probable that
the loess, marl-loess, or till that in many places
underlies the sand furnishes a relatively impervious
stratum, which causes the water to appear at the
surface, although the finer sand layers are known
to be the determining factor in some instances.
The water is usually fairly soft and pure.

The drift hills bordering the flats between the
White and Patoka rivers on the east side of the
Wabash Valley also give rise to numerous springs,
but the streams from them are soon absorbed. The
water is more likely to be hard than the water from
the springs in the sand hills, but is a pure and safe
drinking water.

The rock hills are also sometimes the source of
springs.  Perhaps the most notable of these is
Dripping Spring, located on the face of the bluff
bordering the Wabash flats about 4 miles north-
west of Owensville (NE. 1 sec. 33, T. 2 8, R.
12 W.). This spring, which is one of the largest
within the quadrangle, emerges at an elevation of
about 25 feet above the base of the bluff, over the
face of which it has built an irregular coating of

| caleareous tufa several feet in thickness, erowded
with impressions of leaves and mosses. The water
at present flows downward in a definite channel
'several inches in width and bordered by an elevated
caleareous rim or miniature levee about 2 inches
broad.

Next to Dripping Spring the most notable fea-
ture of this type is the line of springs occurring
along the bluff at an elevation of about 30 feet
above its base for about 14 miles west of Hazelton.
The conditions are not clearly shown, but the water
appears to issue directly from a tufa bed, which in
turn is overlain by a sandstone, both apparently
belonging to the Carboniferous rocks.. The tufa,
although very open and porous, and marked by
small convolutions and other similar ‘structures,
does not appear to afford any traces of vegetable
impressions,  The mineral matter itself is of a
harder consistency than that at the Dripping
Spring. Tufa blocks of a similar character were
found in a ravine eut in the drift 3 miles south-
west of Hazelton, but their origin could not be
determined.

Besides the springs mentioned there are numer-
ous smaller ones in nearly all of the sharper rock
ravines, both at the borders of the flats and in
the Claypole, Gordon, Mumford, and other rock
“iglands™ that project through the Wabash flats.
The limestone outerops, especially those of the
Somerville formation, are frequently marked by
springs of small size.

At a few places the springs are used for domestic
purposes or for watering cattle, but this source of
supply is in the main rarely available, mainly
becaunse it is generally found only in ravines and
other similar situations, where the surface is too
rugged for cultivation.

Wells of the viver flals.—Under the term river
flats are included the bottom lands of the Wabash,
White, and Patoka rivers. The materials of these
flats vary from fine elay-like silts, or even muck,
upward to coarse gravel. In the Wabash flats
sand and gravel predominate.  They usually
obtain an abundant water supply at a depth of 15
feet, and it is almost never necessary to go more
than 25 feet for a supply. Practically all the
wells are driven. The wells usually go through a
few feet of clayey silt and then strike coarse sand
or quicksand. The elay is usually gray or black
at the surface because of the contained vegetable
matter, but is gray, bluigh, or greenish at a depth
of a few feet. The gravels contain all types of
fresh, unweathered pebbles, many of them being of
Canadian materials. Quartz pebbles are, however,
generally the most common. Large bowlders are
reported in some wells.

The materials of the White River flats are of
the same general character as those of the Wabash
flats, but are, perhaps, a little finer on the average.
Water is readily obtained. The Patoka flats are
composed of more clayey materials. Gravels are
not commonly reported in the wells, the water being
derived generally from quicksands. Near the river
the wells are usually not more than 15 or 20 feet
deep, but farther back, and especially near the
borders of the valley, an abundant supply is more
difficult to obtain, some of the wells deriving
water from depths of 75 to 100 feet.

The water from the Wabash and White river
flats is generally soft and pure, but sometimes
carries lime derived from caleareous elays which are
oceasionally present. Mount Carmel obtains its
supply from wells sunk in the flats. The water of
the Patoka flats is generally good, though it is
frequently hard, and often tastes strongly of iron
sulphate. The latter substance is especially likely
to be present where buried wood or lignitic beds
are encountered.

Wells of the tributary valleys.—The coarse sands
and gravels of the Wabash and White river flats
were derived from places at considerable distances to
the north at a time when the northern portion of the
State was covered with ice and the glacial torrents
were discharging large quantities of sands and
gravels into the headwaters of the streams men-
tioned. Their tributaries, however, had no such
source to draw upon, the materials they transported
being derived at first from the rather fine and
clayey glacial drift and later from the loess coating,
The result is that the deposits of the tributaries
consist largely of clay or of interrupted beds of very
fine sand, and these, as compared with the White




and Wabash deposits, contain relatively little water.
There is rarely a point, however, where wells do
not obtain a fair supply near the center of the val-
leys, although nearer the sides and in the smaller
tributaries, where clays predominate, the suceess of
wells is less probable. The water level is not so
near the surface as on the river flats. The quality
of the water is generally good, though in some wells

the supply is hard or even marked by the presence |

of iron sulphate. TLogs of wood and coal beds
(lignite) are frequently reported in the deeper wells.
Some of the wells enter the rock.

Veils of the sand hills.—Nearly all of the water

Valley sinks into the ground at once to the basal
portion of the sand, where it meets the underlying
impervious loess, which it follows until it reappears
as springs along the base of the hills. Wells some-
times find water in this basal layer, but as the water
tends to follow channels on the underlying surface

12

usually good, but sometimes tastes strongly of sul-
phate or phosphate of iron.
mineral (vivianite) were found in the gravel from
one well.

Wells in the loess.—DBy loess is meant the more
or less clayey silts which everywhere cover the
uplands, whether the latter are of rock or of

gravelly drift, As the loess is rarely over 20 feet

and usually 10 feet or less in thickness, only the
shallower wells derive their supplies from it.
Although it undoubtedly holds large quantities
of moisture, its clayey texture and the absence of

(sandy layers prevent the easy passage of water
falling on the sand hills bordering the Wabash |

the higher portions are practically dry and success- |

ful wells are not numerous in the sand hills, Many
of the sand-hill wells obtain their supply from the
underlying rocks.

Wells of the old lake flats.—What is here termed
old lake flats are those broad, flat areas such as
occur southwest of Princeton, east of Cynthiana,
south of Poseyville, and at other PIﬂLEﬂ, where
deposits are supposed to have accumulated in

broad shallow lakes ponded in front of the ice |
As these |
materials were derived from a glacier that was near

margin when it occupied this region.

at hand they are frequently rather coarse, but at
other points may consist mainly of clay. In the
lake flats southwest of Princeton wells obtain
water from sand or gravels at 15 or 20 feet, on top
of which rests an impervious clay bed. When this
is penetrated the water sometimes rizes rapidly in
the wells to within 10 feet of the surface. The
wells of the lake flats west of Cynthiana and about
Poseyville are not uniformly successful, the mate-
rials penetrated consisting largely of clay. Many

of the wells enter and derive their suppllm from | water.
The water of the flats is | and Hazelton water is rarely present, while in the |

the underlying rock.

through it, and only in relatively rare instances
does it furnish a considerable supply, the majority
of the wells failing in years of drought. The marl-
loess, or the coarser and more caleareous type oceur-

ring along the east border of the Wabash Valley, |
is more porous, but does not usually hold water,

except near its base. From this portion, however,
water is frequently obtained. The water from the
loess is generally hard, and sometimes contains
sufficient magnesia to have a deleterious effect on
health.

Wells in the drift.—Under this term is included
those more or less sandy or gravelly materials sup-
posed to have been deposited either directly by the
ice or indirectly by streams leading away from its
margin. The principal deposits of this type are
those forming the moraines shown on the geologic
map. The sloping plains leading eastward from
the moraine between Princeton and Fort Branch
to the vieinity of Port Gibson, near the eastern
boundary of the quadrangle, are believed to have
been deposited by streams flowing from the ice
margin and are elassed with the drift deposits, The
composition of the deposits is far from uniform,

and from this it follows that the water supply is |
While one well may yield an |
abundant supply another near-by well may be an l

very variable.

utter failure. In general the higher and more
rugged the drift lnlls the less will be the supply of
Thus in the high drift hills between Patoka

| wash plains between Princeton and Fort Branch
Samples of the latter |

water is commonly obtained at a moderate depth
except near the moraine, in the vieinity of which
some of the wells enter the rock. Wood and coaly
matter (lignite) are reported in many of the wells.
Most of the water from the drift is hard, and water
tasting of iron sulphate or iron phosphate is not
uncommon.

Shallow rock wells—DMost of the upland wells,
even when dug, enter the rock for short distances, |
water generally being obtained in some one of the
numerous sandstone beds. In many instances,
however, the water does not occur throughout the
sandy stratum, but only in rather definite channels,
neighboring wells often varying greatly in amount
of supply. The rock water is extremely variable
in quality, much of it being excellent; while some
of it is hard or is charged with iron sulphate, which
impregnates especially water derived from places
where coal beds have been encountered. Wells in
the rock on narrow ridges or on the edge of steep
bluffs are usnally dry throughout several months
| in the year, and many of the shallow wells in other
| situations are dry at times.

Deep rock wells.—The Carboniferous rocks of the
region consist mainly of shale and sandstones in
frequent “alternation, the sandstones often being
water bearing. Wells drilled to a depth of 200
feet nsnally obtain a satisfactory supply of water
either from the sandstones or from beds associated
with the coals or limestones. The water associated

with the coal is likely to be charged with iron sul- |

phate resulting from the decomposition of pyrite,
while the water from the limestone and even some

little but shale is encountered and no water is found
(even at considerable depths. This is especially
true in the portion of the quadrangle lying within
the State of Illinois.

| an artesian supply, very few of the wells flow. In
If'mt, no definite water horizons have been recog-
nized. This is probably due to the well known

lenticular and disconnected character of the beds
of the Carboniferous series, few if any of the beds
continuing without interruption for any consider-
able distances,

Among the few flowing wells the following may
be mentioned: (1) The Bixler well, about 5 miles
southwest of Haubstadt, which delivers good water
at a height of 3 feet above surface; (2) the Silas
' Redmond well, east of Cynthiana, 80 feet deep,
mostly through “blue mud,” \ﬂuch obtains from a
quicksand water that rises 3% feet above the sur-
face; (3) a well 11 miles northeast of Poseyville,
| 126 feet deep, sunk t]u'mlgh sand or gravel all the

| way, which finds water in gravel at 85 and 126

feet that flows out at the surface; (4) a well at the
foot of the bluff south of the Wabash River, 2}
miles north of Savah, drilled for coal, in which
water charged mth iron sulphate rises 2% feet above
the surface.

Cisterns.—Because of the insufficiency of the
supply derived from the shallow wells of the loess,
drift, or rock, a supplementary supply consisting
of rainwater is frequently collected in cisterns.
Many of the inhabitants have been forced in late

of that from the sandstone iz hard. In many areas 5

Notwithstanding the regular westerly dip of the |
rocks, which affords the structural conditions for |

years to rely on cisterns as the only source of
- domestie water supply, as numerons wells, because
of improper loeation, have become badly contami-
nated from outhouses, barns, drains, ete. The

| supply furnished by the cisterns is rarely sufficient,

| however, for other than domestic uses, and water
for stock is often hauled from neighboring streams.
Avrtificial ponds.— Except the eypress ponds
- occupying depressions at one or two points on the
Wabash flats and the occasional bayous, neither of
which are of importance as sources of water, no
' natural ponds occur in the area. The loess soil
with which the larger part of the uplands is covered
is rather impervious, a fact that is taken advantage
of at many points by the construction of small
artificial ponds, which furnish watering places for
stock. The water in these ponds is, however, very
muddy and is generally of inferior quality.

May, 1903.
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COLUMNAR SECTION

COLUMMNAR SECTION FOR THE PATOKA QUADRANGLE.

SCALE: 1 INCH =100 FEET.
| o
E E FORMATION NAME, Srunot. Ggg’gﬁg;“ et il CHARACTER oF Rocgs.
7]
=W o :
= | =z | River deposits. Tr L] Oxidized gravels and sands.
— H UNCONFORMITY 7
=8
Wiw
Alternating sandstones and shales.
Wabash formation. 1580
{ Aldrich eonl.) '
Friecdvillo coal Heavy sandstones, with thin shales, limestones, and coal beds.
(Parker eonl.)
g Shal dst d shal
- ly sandstone and shale,
O | Z| Inglefield formation. | 145 4
i g ; |
o !
=
| E § | Massive sandstone,
m| =
o UNCONFORMITY 7 -
o
(6] Ditney formation. 45 Shale and sandy shale with a thin coal bed,
3
Somerville formation, a0 Limestone with interbedded shale. |
4
|
Millersburg formation. 120+ | Sandstone, sandy shale, and shale, with thin beds of coal and fire elay.
|
|
TABLE OF FORMATION NAMES.
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Termiary| River deposits (Eocene 7). Tr
= abasl i, c
R | L | S E Conl Measures, Division IX, including Merom
T
g ¢ | Inglefield formation. Ci | Inglefield sandstone. sandstone.
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E t | Ditney formation. Cd | Ditney formation.
=
- f = - , Divisi T ¥
5 ? Bomerville formation. c: | Semerville formation, Conl Measures, Division VIIT
-
LS Millersburg formation. Cm | Millersburg formation. Coal Measures, Division VII.
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Fia. .—CHARACTERISTIC EXPOSURE OF THE INGLEFIELD SANDSTUNé. Fiz. 7.—SHALE “DIKE" IN LIMESTONE, NEAR Fia. 8—CHARACTERISTIC RECENT EROSION TOPOGRAPHY IN TILL.
INGLEFIELD STATIOM, IND. . ' .
NEAR 'INGL 8 EVANSVILLE, IND. The illustration also shows a horizantal contact of the light-colored loess with the
Formed by the creep of the decomposed shale into a solution underlying darker till

crevice. The pre-lowan soil is the dark band beneath the
loess at the surface.

Fia. Qr.—ETHATIFIGATICIN IN FOSSILIFEROUS MARL-LOESS, NEAR MNEW
HARMONY, IND.

Fiz. 10.—MARL-LOESS TERRACE OF MUMFORD HILLS, IND., FROM THE ; Fig. 11.—SURFACE OF A MARL-LOESS PLAIN SOUTH OF HNEW
SOUTH. HARMONY, IND.

Fis. 12,—STRATIFICATION IN THE LATER SAND DUNES MNEAR MOUNT Fia. 13.—VIEW OF THE WABASH RIVER BED AT THE NEW HARMONY,
CARMEL, ILL. IND., CUT-OFF.

Sandstone bed of the Wabash fermation in foreground,
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As sedimentary deposits or strata accumulate the
younger rest on those that are older, and the rela-
tive ages of the deposits may be determined by
observing their positions. This relationship holds
except in regions of intense disturbance; in such
regions sometimes the heds have been reversed, and
it is often difficult to determine their relative ages
from their positions; then fossils, or the remains
and imprints of plants and animals, indicate which
of two or more formations is the oldest.

Stratified rocks often contain the remains or
imprints of plants and animals which, at the time |
the strata were deposited, lived in the sea or were
waghed. from the land into lakes or seas, or were
buried in surficial deposite on the land. Such
rocks are called fossiliferous. By studying fossils
it has been found that the life of each period of the
earth’s history was to a great extent different from
that of other periods. Only the simpler kinds of
marine life existed when the oldest fossiliferous
rocks were deposited. From time to time more
complex kinds developed, and as the simpler ones
lived on in modified forms life became more varied.
But during each period there lived peculiar forms,
which did not exist in earlier times and have not
existed since; these are chavacleristic fypes, and
they define the age of any bed of rock in which
they are found. Other types passed on from
period to period, and thus linked the systems
together, forming a chain of life from the time of
the oldest fossiliferous rocks to the present.  When
two sedimentary formations are remote from each
other and it is impossible to observe their relative
positions, the characteristic fossil types found in
them may determine which was deposited first.
Fossil remains found in the strata of different areas,
provinees, and continents afford the most important
menns for combining loeal histories into a general
earth history.

It is often difficult or impossible to determine the
age of an igneous formation, but the relative age
of such a formation ean sometimes be ascertained
by observing whether an associated sedimentary
formation of known age is eut by the igneous
mass or is deposited upon it.

Rimilarly, the time at which metamorphic rocks
were formed from the original masses is sometimes
shown by their relations to adjacent formations
of known age; but the age recorded on the map is
that of the original masses and not of their meta- |
morphism.

Colors and patterns,—Each formation is shown
on the map by a distinctive combination of color
and pattern, and is labeled by a special letter
symbol. -

Symbols and colors assigned to the rock systems.

o |
Bystem, Herles, .E [ e
o
LA ; | { Recent ....... } BBl Ly
E Quaternary. .| | plaistocene. .. . § 3 | Brownish - yellow.
b / J];"']im'.:-:w........
= B (N P Miceene....... L v R
2 | Tertiary...... Oligogate. itk T | Yellow ocher.
L Eocene........
Cmetaneons: | e e K | Olive-green.
]
=
§ L ) o - R A J | Blue-green.
o | |
= | |
| Trigssie.......| oo diaann | il Peacoek-biue.
Permian. .\.... l
Carboniferons.| { Pennsylvanian - C | Blue.
| [ Mississippinmn. . 'j.
; D RO e e s e et Bl 0 | Blue-gray.
k=3 \
T Elarian. e B Blne-purple,
=
(¥
(1) s g | 4 RS e SR AR R 0 | Red-purple.
i HSaratogan..... t . 7
Cambrian. ... .| 1 Acadian....... +| € Brick-red.
GeOTZiAl ..
Algonkion ... |-« .oiveeeniiaiiaes| A | Brownish-red.
ATCHBAR ..o .o rrensennnnsnassann || Gray-brown.

Patterns composed of parallel straight lines are
used to represent sedimentary formations deposited
in the sea or in lakes. Patterns of dots and circles |
represent alluvial, glacial, and -eolian formations. |
Patterns of triangles and rhombs are used for igne- |
ous formations. Metamorphic rocks of unknown
origin are represented by short dashes irregularly
placed; if the rock is schist the dashes may be
arranged in wavy lines parallel to the structure

-each system, are given in the preceding table.

planes.  Suitable combination patterns are used
for metamorphic formations known to be of sedi- |
mentary or of igneous origin. ]

The patterns of each class are printed in vaTions
colors. With the patterns of parallel lines, colors
are used to indieate age, a particular color being
assigned to each system. The symbols by which
formations are labeled consist each of two or more
letters. If the age of a formation is known the |
symbol includes the system symbol, which is a
capital letter or monogram; otherwise the symbols
are composed of small letters. The names of the
gystems and recognized series, in proper order (from |
new to old), with the color and symbol assigned to

BURFACE FORMS.

Hills and valleys and all other surface forms have
been produced by geologic processes.  For example,
most valleys arve the result of erosion by the streams
that flow through them (see fig. 1), and the alluvial
plaing bordering many streams were built up by
the streams; sea cliffs are made by the eroding
action of waves, and sand spits are built up by
waves. Topographic forms thus constitute part
of the record of the history of the earth.

Some forms are produced in the making of depos- |
its and are inseparably connected with them. The
hooked spit, shown in fig. 1, is an illustration. To
this class belong beaches, alluvial plains, lava |
streams, drumling (smooth oval hills composed |
of till), and moraines (ridges of drift made at the
edges of glaciers). Other forms are produced by |
erosion, and these ave, in origin, independent
of the associated material. The sea chiff is an |
illustration; it may be carved from any rock. |
To this class belong abandoned river channels,
glacial furrows, and peneplains. In the making
of a stream terrace an alluvial plain is first built |
and afterwards partly eroded away. The shap-
ing of a marine or lacustrine plain is usually a
double process, hills being worn away (degraded) '
and valleys being filled up (aggraded). |

All parts of the land surface are subject to the |
action of air, water, and ice, which slowly wear
them down, and streams carry the waste material
to the sea. As the process depends on the flow
of water to the sea, it can not be carried below sea
level, and the sea is therefore called the base-level |
of erogsion. When a large tract is for a long time
undisturbed by uplift or subsidence it is degraded
nearly to base-level, and the even surface thus |
produced is called a peneplain. If the tract is
afterwards uplifted the peneplain at the top is a
record of the former relation of the tract to sea level.

THE VARIOUS GEOLOGIC SHEETS,

Aveal geology map.—This map shows the areas
occupied by the varions formations.  On the mar-
gin is a legend, which is the key to the map. To
ascertain the meaning of any colored pattern and
its letter symbol the reader should look for that
eolor, pattern, and symbol in the legend, where he
will find the name and description of the for-
mation.  If it is desired to find any given forma-
tion, its name should be sought in the legend and
its color and pattern noted, when the areas on the
map corresponding in color and pattern may be
traced out.

The legend is also a partial statement of the
geologic history. In it the formations are arranged
in columnar form, grouped primarily according to
origin—sedimentary, igneous, and crystalline
of unknown origin—and within each group they
are placed in the order of age, o far as known, the
youngest at the top.

Eeonomie geology map.—This map represents the |
distribution of useful minerals and rocks, showing !
their relations to the topographic features and to |
the geologic formations. The formations which
appear on the areal geology map are usually shown
on this map by fainter color patterns. The areal |
seology, thus printed, affords a subdued lnm]{—-l
ground upon which the aveas of productive forma- |

tions may be emphasized by strong colors. A mine

symbol is printed at each mine or quarry, accom-
panied by the name of the principal mineral !
mined or stone quarried. For regions where there

are important mining industries or where artesian | are broken across and the parts have slipped past|

' angles at which they dip below the surface can be

Strueture-seetion sheel—This sheet exhibits the |
relations of the formations beneath the surface. In |
cliffs, canyons, shafts, and other natural and artifi-
cial euttings, the relations of different beds to one
another may be seen.  Any cutting which exhibits |
those relations is called a section, and the same |
term is applied to a diagram representing the rela- :
tions. . The arrangement of rocks in the earth is|
the earth’s struefure, and a section exhibiting this |
arrangement is called a structure section, |

The geologist is not limited, however, to the |
natural and artificial cuttings for his information |
concerning the earth’s structure, Knowing the |
manner of formation of rocks, and having traced
out the relations among the beds on the surface, he |
can infer their relative positions after they pass |
heneath the surfice, and can draw sections repre- |
senting the structure of the earth to a considerable
depth.  Such a section exhibits what would bhe
seen in the side of a cutting many miles long and
several thousand feet deep. This is illustrated in
the following figure:

Fig. 2. —8ketch showing a vertidal section at the front and a
landscape beyond.

The figure represents a landseape which is cut
off sharply in the foreground on a vertical plane, |
so a8 to show the underground relations of the |

- ; : fe [
rocks. The kinds of rock are indicated by appro- |

priate symbols of lines, dots, and dashes. These |

symbols admit of much variation, but the following |

Care generally used in sections to represent the |

commoner kinds of rock:

Limastones, Hhalea,

-
N L

Samlstones nmd oo0n-

Shaly sandstonas,
glome ruties,

Hehifata, Mnmszive and bedded lgneous rocks.

Fig. 8.—8ymbols nsed in sections to represent different kinds
of rocks.

inferred.

On the right of the sketch, fig. 2, the section is
composed of schists which are traversed by masses
of igneous rock. The schists are much contorted
and their arrangement underground can not be

| Fig. 4.—Ideal sections of strata, showing (a) normal fanlta

and (b) a trnst fault,

Hence that portion of the section delin-
eates what is probably true but is not known by
observation or well-founded inference. '
The section in fig. 2 shows three sets of forma-
tions, distinguished by their underground relations,
The uppermost of these, seen at the left of the
aection, 18 a set of sandstones and shales, which lie
in a horizontal position. These sedimentary strata
are now high above the sea, forming a plateau, and

' their change of elevation shows that a portion
of the earth’s mass has been raised from a lower

to a higher level. The strata of this set
parallel, a relation’ which is ealled conformable.
The second set of formations consists of strata

are

| which form arches and troughs. These strata were

once continuous, but the crests of the arches have
been removed by degradation. The beds, like
those of the first set, are conformable.

The horizontal strata of the platean rest upon

the upturned, eroded edges of the heds of the

second set at the left of the section.” The overlying

| deposits are, from their positions, evidently younger

than the underlying formations, and the bending
and degradation of the older strata must have
oceurred between the deposition of the older beds
and the accumulation of the younger. ‘When
younger rocks thus rest upon an eroded surface
of older rocks the relation between the two is
an wuncon formable one, and their surface of contact
4 an wnconformily.

The third set of formations consists of erystalline
schists and igneous rocks. At some period of their
history the schists were plicated by pressure and
traversed by eruptions of molten rock. But the
pressure and intrusion of igneous rocks have not
affected the overlving strata of the second sef.
Thus it is evident that a considerable interval
elapsed between the formation of the schists and

' the beginning of deposition of the strata of the

second set.  During thig interval the schists suf-
fered 111(-l:1mm"|}|]isam; they were the scene of erup-
tive activity; and they were deeply eroded. The
contact between the second and third sets is another
unconformity; it marks a time interval between
two periods of rock formation. -

The section and landscape in fig. 2 are ideal, but
they illustrate relations which actually occur. The
sections on the structure-section sheet are related to

| the maps as the section in the figure is related tc

The platean in fig. 2 presents toward the lower |
land an escarpment, or front, which is made up
of sandstones, forming the cliffs, and shales, consti-
tuting the slopes, as shown at the extreme left of
the section. The broad belt of lower land is trav-
ersed by several ridges, which are seen in the sec-
tion to correspond to the outerops of a bed of sand-
stone that rises to'the surface. The upturned edges
of thiz bed form the ridges, and the intermediate
valleys follow the outerops of limestone and calea-
reous ghale.-

Where the edges of the strata appear at the
surface their thickness can be measured and the |

observed. Thus their positions underground can
be inferred. The direction that the intersection of
a bed with a horizontal plane will take is called
the strike. The inclination of the bed to the hori-

zontal plane, measured at right angles to the strike,
is called the dip. - '
Strata are frequently curved in troughs and
arches, such as are seen in fig. 2.
called antielines and the troughs synelines. But
the sandstones, shales, and limestones were depos-
ited beneath the sea in nearly flat sheets; that they

are now bent and folded is proof that forces have

from time to time caused the earth’s surface to
wrinkle along certain zones. In places the strata

basing exist special maps are prepared, to show | each other. Such breaks are termed foults. Two

these additional economic features.

kinds of faults are shown in fig. 4.

the landscape. The profile of the surface in the
section corresponds to the actual slopes of the
ground along the section line, and the depth from
the surface of any mineral-producing or water-
bearing stratum which appears in the section may
be measured by using the seale of the map.
Tolumnar section sheel.—This sheet contains a
concise description of the sedimentary formations
which oceur in the quadrangle. It presents a
summary of the facts relating to the character
of the rocks, the thickness of the formations, and
the order of accumulation of successive deposits.
The rocks are briefly described, and their char-

acters are indicated in the columnar diagram.

The thicknesses of formations are given in figures
which state the least and greatest measurements,
anil the average thickness of each is shown in the
eolumn, which is drawn to a seale—usually 1000
feet to 1 inch. The order of accumulation of the
sediments is shown in the colomnar arrangement—

' the oldest formation at the bottom, the youngest at
The arches are |

the top.

The intervals of time which correspond to events
of uplift and degradation and constitute interrup-
tions of deposition are indicated graphically and by
the word “unconformity.”

CHARLES D. WALCOTT,

Director,

Revised January, 1904,
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