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GEOLOGIC ATLAS OF TH]

The Geologival Survey is making a geologic atlas of the
United States, which is being issued in parts, called folios.
I2ach folio includes topographic and geologic maps of a certain
area, together with descriptive text.

THE TOPOGRAPHIC MAP.

The features represented on the topographic map are of
three distinet kinds—(1) inequalities of surface, called relief,
as plains, plateaus, valleys, hills, and mountains; (2) distribu-
tion of water, called drainage, as streams, lakes, and swamps;
(3) the works of man, ealled culture, as roads, railroads,
boundaries, villages, and cities.

Relief.—All elevations are measured from mean sea level.
The heights of many points are accurately determined, and
those of the most important ones are given on the map in
figures. It is desirable, however, to give the elevation of all
parts of the area mapped, to delineate the outline or form of all
slopes, and to indicate their grade or steepness. This is done
by lines each of which is drawn through points of equal eleva-
tion above mean sea level, the vertical interval represented by
each space between lines being the same throughout each map.
These lines are called contour lines or, more briefly, contours,
and the uniform vertical distance between each two contours is
called the confour inferval. Contour lines and elevations are
printed in brown. The manner in which contour lines express
altitude, form, and grade is shown in figure 1.

ey

Firounrk 1.—Ideal view and corresponding contour map.

The skatch represents a river valley between two hills. In
the foreground is the sea, with a bay that is partly closed by
d hooked sand bar. On each side of the valley is a terrace.
The terrace on the right merges into a gentle hill slope; that
on the left is backed by a steep ascent to.a cliff, or scarp, which
contrasts with the gradual slope away from its crest. In the
map each of these features is indicated, directly beneath its
position in the sketch, by contour lines. The map does not
include the distant portion of the view. The following notes
may help to explain the use of contour lines:

1. A contour line represents a certain height above sea level.
In this illustration the contour interval is 50 feet; therefore
the contour lines are drawn at 50, 100, 150, and 200 feet, andd
go on, above mean sea level.  Along the contour at 250 feet lie
all points of the surface that are 250 feet above the sea—that is,
this contour would be the shore line if "the sea were to rise 250
feet ; along the contour at 200 feet are all points that are 200
feet above the sea; and so on. In the space between any two
contours are all points whose elevations are above the lower
and below the higher contour. Thus the contour at 150 feet
falls just below the edge of the terrace, and that at 200 feet lies
above the terrace; therefore all points on the terrace are shown
to be more than 150 but less than 200 feet above the sea.
The summit of the higher hill is marked 670 (feet above sea
level); accordingly the contour at G50 feet surrounds it. In
this illustration all the contour lines are numbered, and those
for 250 and 500 feet are accentuated by being made heavier.
Usually it is not desirable to number all the contour lines.
The accentuating and numbering of certain of them—say every
fifth one—suflices and the heights of the others may be ascer-
tained by counting up or down from these.

2. Contour lines show or express the forms of slopes. As
contours are continuous horizontal ]?m's, tlll::r wind, snmﬁth]}f
about smooth surfaces, recede into all reentrant angles of
ravines, and project in passing around spurs or prominences.
These relations of contour curves and angles to forms of the
landscape can be seen from the map and sketch.

3. Contour lines show the approximate grade of any slope.
The vertical interval between two contours is the same, whether
they lie along a cliff or on a gentle slope; but to attain 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.

A small contour interval is necessary to express the relief of
a flat or gently undulating country; a steep or mountainous
country can, as a rule, be adequately represented on the same
scale by the use of a larger interval. The smallest interval
used on the atlas sheets of the Geological Survey is 5 feet.

This is in regions like the Mississippi Delta and the Dismal
Swamp. For great mountain masses, like those in Colorado,
the interval may be 250 feet and for less rugged country con-
tour intervals of 10, 20, 25, 50, and 100 feet are used.

Drainage.—~Watercourses are indicated by blue lines. Fora
perennial stream the line is unbroken, but for an intermittent
stream it is broken or dotted. Where a stream sinks and
reappears the probable underground course is shown by a
broken blue line. Lakes, marshes, and other bodies of water
are represented by appropriate conventional signs in blue.

Culture.—~The symbols for the works of man and all letter-
ing are printed in black.

Seales—The area of the United States (exclusive of Alaska
and island possessions) is about 3,027,000 square miles. A
map of this area, drawn to the scale of 1 mile to the inch
would cover 3,027,000 square inches of paper and measure
about 240 by 180 feet. Iach square mile of ground surface
would be represented by a square inch of map surface, and a
linear mile on the ground by a linear inch on the map. The
seale may be expressed also by a fraction, of which the numer-
ator is a length on the map and the denominator the corre-
sponding length in nature expressed in the same unit. Thus,
as there are 63,360 inches in a mile, the secale “1 mile to the
inch” is expressed by the fraction gk

Three scales are used on the atlas sheets of the Geological
Burvey; they are s, mow, and asm, corresponding approxi-
mately to 4 miles, 2 miles, and 1 mile on the ground to an
inch on the map. On the scale of gy a square inch of map
surface represents about 1 square mile of earth surface; on the
scale of 5w, about 4 square miles; and on the scale of g ,
about 16 square miles. At the bottom of each atlas sheet the
gseale is expressed in three ways—by a graduated line repre-
senting miles and parts of miles, by a similar line indicating
distance in the metric system, and by a fraction.

Atlas sheets and quadrangles.—The map of the United States
is being published in atlas sheets of convenient size, which
represent areas bounded by parallels and meridians. These
areas are called quadrangles. Each sheet on the scale of s
represents one square degree—that is, a degree of latitude by a
degree of longitude; each sheet on the secale of 15 represents
one-fourth of a square degree, and each sheet on the scale of
s one-sixteenth of a square degree. The areas of the corre-
sponding quadrangles are about 4000, 1000, and 250 square
miles, though they vary with the latitude.

The atlas sheets, being only parts of one map of the United
States, are not limited by political boundary lines, such as
those of States, counties, and townships. Many of the maps
represent areas lying in two or even three States. To each
sheet, and to the quadrangle it represents, is given the name of
gsome well-known town or natural feature within its limits, and
at the sides and corners of each sheet are printed the names of
adjacent quadrangles, if the maps are published.

THE GEOLOGIC MAPS.

The maps representing the geology show, by colors and
conventional signs printed on the topographic base map, the
distribution of rock masses on the surfuce of the land and, by
means of structure sections, their underground relations, =o far
as known and in such detail as the scale permits.

KINDE OF ROCKS,

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

Iyneous vocks—Rocks that have cooled and consolidated
from a state of fusion are known as ignesus. Molten material
has from time to time been forced upward in fissures or chan-
nels of various shapes and sizes through rocks of all ages to or
nearly to the surface. Rocks formed by the consolidation of
molten material, or magma, within these channels—that is,
below the surface—are called infrusive. Where the intrusive
rock occupies a fissure with approximately parallel walls it is
called a dike; where it fills a large and irregular conduit the
mass is termed a sfock. Where molten magma traverses strat-
ified rocks it may be intruded along bedding planes; such
masses are called sills or sheets if comparatively thin, and laeeo-
liths if they occupy larger chambers produced by the pressure
of the magma. Where inclosed by rock molten material cools
slowly, with the result that intrusive rocks are generally of
erystalline texture. Where the channels reach the surface
the molten material poured out through them is called lava,
and lavas often build up voleanic mountains. Igneous rocks
that have solidified at the surface are called exfrusive or effusive.
Lavas generally cool more rapidly than intrusive rocks and
as a rule contain, especially in their superficial parts, more or
less voleanic glass, produced by rapid chilling. The outer parts
of lava flows also are usually porous, owing to the expansion of
the gases originally present in the magma. Ixplosive action,
due to these gases, often accompanies voleanic eruptions,
causing ejections of dust, ash, lapilli, and larger fragments.
These materials, when consolidated, constitute breecias, agelom-
erates, and tufls.

Sedimentary rocks—Rocks composed of the transported
fragments or particles of older rocks that have undergone
disintegration, of volcanic ejecta deposited in lakes and seas, or
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of materials deposited in such water bodies by chemical precipi-
tation are termed sedimentary.

The chief agent in the transportation of rock débris is water
in motion, including rain, streams, and the water of lakes and
of the sea. The materials are in large part carried as solid
particles, and the deposits are then said to be mechanical.
Such are gravel, sand, and clay, which are later consolidated
into conglomerate, sandstone, and shale. Some of the mate-
rials are carried in solution, and deposits of these are called
organic if formed with the aid of life, or chemical if formed
without the aid of life. The more important rocks of chemical
and organic origin are limestone, chert, gypsum, salt, iron ore,
peat, lignite, and coal. Any one of the kinds of deposit named
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 characteristic of glacial deposits is till, a heterogeneous
mixture of bowlders and pebbles with clay or sand.

Sedimentary rocks are usually made up of layers or beds
which can be easily separated. These layers are called strata,
and rocks deposited in such layers are said to be stratified.

The surface of the earth is not immovable; over wide regions
it very slowly rises or sinks, with reference to the sea, and
ghore lines are thereby changed. As a result of upward
movement marine sedimentary rocks may become part of the
land, and most of our land areas are in fact occupied by rocks
originally deposited as sediments in the sea.

Rocks exposed at the surface of the land are acted on by air,
water, ice, animals, and plants, especially the low organisms
known as bacteria. They gradually disintegrate and the more
goluble parts are leached out, the less soluble material being
left as a vesidual layer. Water washes this material down
the slopes, and it is eventually carried by rivers to the ocean or
other bodies of water. Usually its journey is not continuous,
but it is temporarily built into river bars and flood plains,
where it forms alluvium. Alluvial deposits, glacial deposits
(collectively known as drift), and eolian deposits belong to
the surficial class, and the residual layer is commonly included
with them. Their upper parts, occupied by the roots of
plants, constitute goils and subsoils, the soils being usually
distinguished by a notable admixture of organiec matter.

Metamorphic rocks.—In the course of time, and by various
processes, rocks may become greatly changed in composition
and in texture. If the new characteristics are more pro-
nounced than the old such rocks are called mefamorphic. In
the process of metamorphism the constituents of a chemical
rock may enter into new combinations and certain substances
may be lost or new ones added. A complete gradation from
the primary to the metamorphic form may exist within a
single rock mass. Such -changes transform sandstone into
quartzite and limestone into marble and meodify other rocks
in various ways.

From time to time during geologic ages rocks that have
been deeply buried and have been subjected to enormous
pressures, to slow movement, and to igneous intrusion have
been afterward raised and later exposed by erosion. In such
rocks the original structures may have been lost entirely and
new ones substituted. A system of planes of division, along
which the rock splits most readily, may have been developed.
This structure is called cleavage and may cross the original
bedding planes at any angle. The rocks characterized by it
are slates. Crystals of mica or other minerals may have grown
in the rock in such a way as to produce a laminated or foliated
structure known as schisfosity. The rocks characterized by this
structure are schists,

As a rule, the oldest rocks are most altered and the younger
formations have escaped metamorphism, but to this rule there
are many important exceptions, especially in regions of iemeous
activity and complex structure.

FORMATIONS,

For purposes of geologic mapping rocks of all the kinds
above described are divided into formations. A sedimentary
formation coniaing between its upper and lower limits either
rocks of uniform character or rocks more or less uniformly
varied in character, as, for example, an alternation of shale and
limestone. Where the passage from one kind of rocks to
another is gradual it may be necessary to separate two contigu-
ous formations by an arbitrary line, and in some cases the
distinetion depends almost entirely on the contained fossils.
An igneous formation contains one or more bodies of one kind,
of similar oceurrence, or of like origin. A metamorphic for-
mation may consist of rock of uniform character or of several
rocks having common characteristics or origin.

When for scientific or economie 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 term, as lenfils.

AGES OF ROCES.

Geologic time.—The time during which rocks were made is
divided into periods, Smaller time divisions are called epochs,
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DESCRIPTION OF THE BELLEVILLE AND BREESE

INTRODUCTION.
POSITION AND GENERAL RELATIONS,

The Belleville and Breese quadrangles are bounded by
meridians 89° 30" and 90° and parallels 38° 30" and 38° 45
and thus include one-eighth of a square degree of the earth’s
surface, an area, in that latitude, of 466.56 square miles. They
lie in southwestern Illinois (see fig. 1), a few miles directly
east of St. Louis, and comprize considerable portions of Clin-
ton, Madison, and St. Clair counties, and a small part of Bond
County. Belleville, from which the Belleville quadrangle is
named, is in the southwest corner of the area.
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Fravee 1.—Index map of southern Illinois and portions of adjacent
Stntes,

The location of the Belleville and Breess quadrangles (No. 103) is shown by the darker ruling.
Published folios deseribing other quadmmngles, indieated by lighter ruling, nre the follow-
ing: Nos. 67, Danville; &1, Ditney ; 105, Patoka; 185, Murphysboro.Herrin; 188, Tallula-
Bpringfleld.

In their general geographic and geologic relations the quad-
rangles form a part of the Glaciated Plains provinee, all parts
of which have had a general history in common, recorded in

the rocks and in the topography.

MITLINE OF GEOGRATHY AND GEOLOGY OF THE GLACIATED
PLAINH.

Definition. — The Glaciated Plains province (see fig. 2)
extends from the Appalachian provinee on the east and south-
east ‘to the Great Plains on the west and from the Ozark
province on the south to and beyond the northern boundary
of the United States. It is limited by the boundary of the
glaciated area of the Central States except at the western hor-
der of the plains, where, for convenience, the 2,000-foot con-
tour is used as its limit, and at the eastern border, where the
Pennsylvania-New York State line forms a convenient hound-
ary. The boundary between the Appalachian and the Gla-
ciated Plains provinees is not sharply defined, for parts of the
typical Appalachian region were covered with ice and parts of
the Glaciated Plains are characterized by surface features of
Appalachian type and origin. Near the middle of the prov-
ince is an aren of about 10,000 square miles that was not
covered by glacial ice and contains no drift, but as this drift-
less region is comparatively small and has had a history sim-
ilar in other respects to that of the surrounding territory it is
regarded as a part of the Glaciated Plains,

Relief —The (Glaciated Plains provinee is in general a broad
rolling plain developed on low-lying, nearly horizontal rocks,
though it shows considerable diversity in the form of its sur-
face in its different parts. The surface generally lies from 500
to 1,500 feet above sea level, but the low-water surface of the
Mississippi on the south side of the province is only about 300
feet above sea level, and a few places in the Upper Peninsula
of Michigan and the western border of the province in North
Dakota rise to a height of about 2,000 feet.

In some parts of the province the relief is less than 100 feet ;
in others it is 600 to 800 feet. One of the principal features

! Burveyed in cooperation with the Illinois Geological Survey. The greater
part of the waterial comprised in this report was prepared by J. A. Udden
and transmitted by the Illinols Geological Burvey in the form of a geo-
logic report.  Additional field studies, coneerning prineipally the Quater-
nary formations, were made by E. W. Bhaw, who has rewritten and sup-
plemented the original matter for publication in folio form.

QUADRANGLES.

By Johan August Udden and Eugene Wesley Shaw,

is the valley of the Mississippi, which is fairly regular in
shape and is flat bottomed, steep sided, and generally 3 to 6
miles wide and 200 to 400 feet deep. On the other hand,
most of the tributaries of the Mississippi, being less powerful
eroding agents, flow in valleys that are irregular in width and
depth and have indirect courses.

Drainage—The northern and northeastern parts of the
Glaciated Plains lie in the basin of the Great Lakes and the
upper St. Lawrence and the remainder in the basin of the Ohio
and upper Mississippi. The divide between the two drainage
basins is irregular and somewhat indefinite and is so low as to
be scarcely perceptible, ;

The province contains several sheets of glacial drift, formed
in as many different ice epochs. The narrow irregular belt
along the western and southern sides of the province that was
not covered by the later ice sheets is well drained, but the area
of the later drift includes swampy tracts, many streams having
irregular courses, and numerous lakes, The poor drainage of
this area is due to its relatively recent occupation by ice, which
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Fraurg 1. —Geologie sketeh map of 1llinois and surrounding region.
Shows also physiographle provinces of the region. The indefinite boundary betweéen the

Oeark and Appalachian provinees colncldes approximately with the southeast boundary

of Illinoks. Map copled from geslogic map of North America, U. B, Geol, Survey, 1911,
blocked many drainage lines and on melting left a sheet of
débris reaching in places a thickness of several hundred feet
and filling many of the old valleys. The reestablished drain-
age systems are only slowly approaching a normal condition.
In the belt that was covered by the earlier glaciers but not by
the later ones the streams have had time to become almost
readjusted.

The average discharge of the Mississippi at Menard, near
Chester, about 70 miles below St. Louis, is estimated to bhe
178,230 second-feet. The drainage basin above that point
covers 711,900 square miles, and the run-off per square mile
is thus 0.263 second-foot. Careful measurements indicate that
the Mississippi annually carries past Menard 195,052,000 tons
of mineral matter in zolution and suspension. The surface of
the basin above Chester is thus being lowered at an average
rate of about 1 inch in 700 years.

Climate and vegetation.—The Belleville and Breese quad-
rangles receive about 40 inches of precipitation a year, some-
what more than half of which falls in the six months between
the end of March and the beginning of October. The supply

is thus bountiful and fairly well distributed though in many
years droughts are troublesome in August. The mean tem-
perature and the variations are similar to those of the large
surrounding well-known territory of the North Central States.

A considerable part of the Glaciated Plains was once forested
with deciduous trees and the remainder was prairie. In
general, the rougher parts—the valley sides and the morainic
hills—were forested and the flatter areas were prairie. Many
small tracts of woodland still exist and some areas are reforest-
ing, but the bulk of the land is under cultivation.

Stratigraphy and history.—The rocks underlying the Glaci-
ated Plains include igneous, sedimentary, and metamorphic
varieties and range in age from pre-Cambrian to Recent, or
from the oldest known rocks to the youngest, but many epochs
are unrepresented by beds of rock, and no epoch is represented
by a formation that underlies the whole province, for there
have been many shifts from deposition to erosion, some of
which have involved the whole provinee.

In earlier geologic time, sea water frequently covered a large
part of the province and remained long enough to permit
extensive marine deposits to be formed. The surface was
rarely, if ever, depressed far below sea level or elevated much
above it but was affected throughout by gentle and more or
less continuons warping, which allowed the sea to advance and
retreat irregularly and brought about, from time to time and
place to place, not only sea deposition and land ercsion but
sometimes, especially in the Pennsylvanian epoch, land depo-
sition. Since the close of the Paleozoic era the entire province
seems to have lain above sea level and to have been subjected
to continuous erosion except in Quaternary time, when it
received extensive deposits of glacial drift.

The pre-Cambrian formations are made up of igneons and
metamorphic rocks having a complex structure. Upon their
deeply eroded and planed surface rest all the later strata—the
shales, sandstones, limestones, and unconsolidated rocks that
outerop throughout the provinee exeept in that part where the
pre-Cambrian rocks themselves lie at or near the surface.

Lower and Middle Cambrian time seem to be unrepresented
by deposits in the Glaciated Plains provinee, but in Upper
Cambrian time most of its middle and sonthern parts received
deposits. In the upper Mississippi Valley the Cambrian strata
are from 400 to more than 1,000 feet thick and consist princi-
pally of sandstone and shale, limestone seeming to have been
but slightly developed here or elsewhere in the province in
Cambrian time. To the south and west, however, in south-
eastern Missouri, Oklahoma, and central Texas, the Upper
Cambrian rocks consist largely of limestone. The rocks of
Ordovician age consist mainly of dolomite and limestone but
include also two or more sandstone formations, of which the
St. Peter is the most important. The seashore migrated widely
during this period and the deposits laid down are now divis-
ible into numerous formations. ;

The Silurian system is made up of dolomite and limestone
and a minor amount of shale. The numerous layers, or most
of them, were formed in shallow seas, none of which covered
the whole province, and all were surrounded by low-lying
land. The Devonian system is best represented in the eastern,
gouthern, and western parts of the province, where its greatest
thickness is generally 700 or 800 feet, though in a few places
it is somewhat thicker. In the central part of the province the
Devonian is thin, and toward the north it thins out entirely.
In western Illinois it consists chiefly of blue fossiliferous lime-
stone overlain by black carbonaceous and commonly fossilifer-
ous shale, The limestone was deposited in open sea water and
the shale perhaps in shallow sea water and perhaps on low-
lying swampy land. The sea was especially restricted in the
early part of the period.

The Mississippian series consists, in the eastern part of the
provinee, of clastic rocks having a thickness of 1,000 feet or
more, but in the central and western parts it is made up largely
of thick limestone and interbedded lenses of shale and sand-
stone, having a total thickness of 300 to 800 feet. As in the
preceding periods, the extent and depth of the sea varied con-
siderably and, especially near the close of the epoch, the earth’s
crust was extensively warped and large bodies of sand were
deposited. The Pennsylvanian series is made up largely of
rather sandy shale but includes much sandstone and some
limestone and coal. Its area of outerop is greater than that
of any other series of rocks in the province. Many of the beds



are lenticular, but some of the beds of coal and limestone ean
be traced continuously over hundreds of square miles. The
conditions in Pennsylvanian time were markedly different from
those that prevailed in the preceding epochs, for between
periods of sea occupation extensive marsh deposits were formed,
which have been more or less completely preserved in the form
of carbonaceous shale and coal. Traces of the Permian series
have been found near Danville, Ill., and large Permian depos-
its oceur also to the southeast, in West Virginia and Ohio, and
to the southwest, in Kansas. During this epoch most of the
Glaciated Plains province seems to have stood above sea level
and much material was carried from it into other areas.

With the exception of those of the Quaternary system, rocks
of post-Carboniferous age are rare in the Glaciated Plains.
Throughout Mesozoic and Cenozoic time the region stood con-
siderably above sea level, and the land had sufficient slope to
permit practically all the earthy material in the area that was
moved at all to be carried out into other areas. The surface of
the provinee has apparently been brought to its present level
by several minor uplifts, and there may have been also some
subsidence. The record, however, is obscure, because the
movements were not great and because the strata are nearly
horizontal and of uniform hardness over wide areas, so that it
is difficult to distinguish low plateaus due to hard rock from
those due to interrupted elevation. Furthermore, the age of
features that appear to mark stages of elevation and erosion is
uncertain, owing to difficulties in correlating them with depos-
its of known age. At the times of principal uplift of the
Appalachian and Ozark mountains, however, the borders at
least of the Glaciated Plains were also uplifted.

The older rocks almost thronghout the province are covered
with Quaternary deposits, which consist principally of glacial
drift—material very different from any previously deposited
within the area. Several times continental glaciers spread out
from the north, bringing great loads of gravel, clay, and sand
and remodeling drainage systems.

Struefure.~—The structure of most of the consolidated rocks
underlying the Glaciated Plains is comparatively simple. The
strata in most of the province lie nearly flat, their regularity
being broken only by small faults and low, broad folds. The
principal exceptions are the pre-Cambrian rocks that outerop
in Wisconsin, Minnesota, and northern Michigan, which are
in some places so complexly folded, contorted, and faulted that
their structure can be worked out only with difficulty. Aside
from the complex structure of the pre-Cambrian rocks and
local move or less pronounced irregularities, the major strue-
tural features are the following:

1. A low, broad arch on the southeast, known as the Cin-
cinnati anticline, which lies in part within the Appalachian
Platean. North of Cincinnati, where it is highest, this arch
divides, one branch running toward Lake Erie and the other
toward Lake Michigan.

2. A shallow basin that is practically coextensive with the
Lower Peninsula of Michigan.

3. Another basin that occupies most of Illinois and south-
western Indiana.

4. A still broader basin that extends westward from the
Mississippi across Towa and Missouri into the Great Plains.

5. A broad arch that affects Wisconsin and Minnesota.

The basins contain great coal fields, known as the northern
interior, eastern interior, and western interior coal fields, and
east of the province lies another basin containing the Appala-
chian coal field. Around each basin the strata crop out in
concentric belts, the youngest being found in the middle and
the oldest around the outer border. Thus, for example, beds
that lie 1,000 feet above sea level in northern Illinois are more
than 3,000 feet below sea level in the south-central part of the
State, and if all the beds found in Illinois were extended
northward the uppermost would be several thousand feet
above the present surface in central Wisconsin. The forma-
tion of the domes, basins, and other structural features seems
to have begun early in the Paleozoic era, if not before, but the
greatest movement seems to have occurred near the close of the
Carboniferous period.

TOPOGRAPHY.
RELIEF.

General features—The Belleville-Breese district is charac-
terized by comparatively slight relief and gentle slopes. Its
altitude is low in view of its great distance from the sea.
From a height of 560 feet above sea level in the western part
the land slopes in general eastward, away from the Mississippi,
at a rate a little more than 3 feet to the mile, so that in the
eastern part it lies only 475 feet above sea level. The surface
is that of a drift-formed plain above which rise scattered ridges
and into which streams have cut, forming valleys a quarter of
a mile to 2 miles wide and 10 to 100 feet deep.

The area contains four varieties of topographic forms —
upland prairies, morainic hills, valleys, and flood plains.

Upland prairies—The uplands occupy more than half the
avea, are generally flat, and differ from the remaining portion
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in being largely prairie. They are the remnants of a plain
formed by the deposition of a nearly flat-surfaced body of
glacial till, over which a mantle of loess of comparatively uni-
form thickness was later spread.

The Breese quadrangle includes the larger part of the flat
upland, which there has a general slope from 530 feet above
sea level in the northern part to 460 feet in the southwestern
and 430 feet in the southeastern part. It is broken by valleys
that are gradually being broadened and lengthened and are
developing new branches, so that the area of upland is slowly
being reduced. The upland of the Belleville quadrangle is
more irregular in outline and more diverse in topographic
form, but it also is generally flat and slopes from 560 feet
above sea level in the northwestern part of the quadrangle to
460 feet in the southeastern part. West of Troy the surface
is very flat and lies at an altitude of 570 to 580 feet. This
upland extends southwestward nearly to Belleville and in some
places reaches an altitude of 600 feet. St. Jacob, in the north-
eastern part of the quadrangle, lies on an upland having an
altitude of 490 to 530 feet. In the southeastern part of the
quadrangle the uplands are very smooth and slope gently
toward the ill-defined valley of Silver Creek.

Morainie hills—Above the general upland surface rise
several ridges having a north-northeasterly trend and form-
ing part of a group of ridges which has been traced from
Tower Hill, in Shelby County, southwestward beyond Belle-
ville. These ridges are not remnants left by erosion, as they
rise sharply from the surrounding flat upland, are formed of
glacial drift, and are without rock cores. They appear to be
some variety of moraine.

The most conspicuous ridge is the one on the summit of
which the village of Shiloh is situated. It rises to a height of
660 feet above sea level and somewhat more than 100 feet
above the surrounding upland. At its north end it is 2 miles
wide, and a spur reaches northward nearly to O'Fallon and
another extends eastward, It is 4 miles long but is much
narrower at its southwest end, where it merges into an area of
comparatively thick drift, especially on its south side, where

face into which they are cut, the valleys are irregular in shape,
depth, and width. Most of them have not been cut down to
bedrock and hence have the form of valleys earved in uncon-
solidated material. In places, as near Collinsville, the streams
are cutting into hard rock and have considerable fall and the
valleys are narrow and steep sided. Elsewhere they are broad
and shallow and not sharply defined from the flat upland.
This is especially true in the southern part of the area, where
the valleys of Shoal, Sugar, and Silver creecks are poorly
defined. In some places broad, shallow swales connect the
heads of valleys across intervening uplands. One such swale,
one-quarter to one-half mile wide, extends from sec. 18 to sec.
21 in St. Rose Township; another has a sinuous course in the
uplands between the upper part of Spanker Branch and Sugar
Creek, north and west of Sebastopol.

Along the upper part of Shoal Creek, from the northeast
corner of the Breese quadrangle to sec. 2 in Breese Township,
there are remnants of loess-covered terraces at a height of 30
feet above the creek bottoms. In the northern half of St.
Rose Township the western limit of such a terrace is marked
by a low bluff. The terrace probably represents a former
alluvial plain caused by the presence of a ledge of limestone.
In the southern part of the area, particularly along Shoal
Creek, there are indistinet, low, broad terraces, which appear
to have been caused by a silting up of the Kaskaskia Valley in
Wisconsin time or soon afterward and a later downward cutting.

DREAINAGE,

The greater part of the quadrangles is well drained, but
somewhat extensive flood-plain areas are subject to frequent
overflow and part of the upland is so flat that the water from
heavy rains disappears slowly. The western part of the area
is better drained than the eastern, not only because of the
generally greater altitude and slope of the surface and the
steeper gradient of the streams but beecause the material imme-
diately underlying the surface, though loess in both districts,
is more porous in the western part, so that the water passes
into the ground more readily there than in the eastern part.

FIGURE & —Outer slope of morainal ridge 8 miles north of Lebanon, looking northeastward.

there are several low swells. The surface of the wider part of
the ridge has been much dissected, the southeast side being
cat by several narrow ravines that range in depth from 20 to
almost 100 feet, nearly all heading near the crest of the ridge.
The ravines on the northwest side are only 30 to 40 feet deep,
probably because of the greater altitude of the upland on that
side and the consequently more gentle slope in that direction.

Another ridge, extending southward from sec. 30, in St.
Jacob Township, to sec. 7, in Lebanon Township, ranges in
width from less than a half to three-quarters of a mile and at
it highest point rises 100 feet above the general upland. (See
fig. 3.) Near its south end it is crossed by two depressions, one
of which is drained by a branch of Little Silver Creek.

A less conspicuous but well-marked ridge, rising about 50
feet above the general surface, extends 3 miles southward
from Highland. Another chain of hills, west of those just
described, extends northeastward a mile west of Highland, the
southernmost hill being just north of the Frey schoolhouse in
sec. 14, 8t. Jacob Township. The next hill to the north is in
the northeastern part of see. 12 of the same township, and still
farther north several hills merge into a continuous chain
extending northeastward beyond the Breese quadrangle.

A broken ridge extends southward from Breese and a
similar one extends southward and westward from Shoal Creek,
in Germantown Township., Seattered throughout the area are
isolated ridgelike hills, one standing on the east bluff of Sugar
Creek a mile southwest of Damiansville and another on the
opposite side of the same creek 11 miles west of Albers. Still
another stands on the east bluff of Silver Creek in sec. 12,
Shiloh Valley Township. A ridge northwest of Summerfield
and a small hill immediately southeast of that place also appear
to be without structural relations to other topographic features.

Valleys.—The surface of the quadrangles is fairly well dis-
sected but none of the valleys is large. That of Shoal Creek,
in the southeastern corner, is the widest, the valley bottom
being a mile wide. Owing largely to irregularities of the sur-

The run-off of the area passes by way of many small inter-
mittent streams to Richland, Silver, Sugar, and Shoal creeks,
which discharge into Kaskaskia or Okaw River a few miles
south of the area. The Kaskaskia joins the Mississippi near
Chester, IlL., nearly 100 miles south of Belleville as the stream
flows, at a low-water altitude of 350 feet and a high-water
altitude of 390 feet. The principal streams of the Belleville
and Breese quadrangles leave the area at altitudes of about 400
feet and, the fall being slight, the water passes off slowly,
particularly at times of high water. Some of the small
streams, however, especially those in the northern and western
parts of the area, have considerable fall and from these the
water from heavy rains passes off rapidly. The Kaskaskia,
like many other streams in the central Mississippi basin, falls
very little in the lower part of its course and therefore, as the
water moves slowly, it often backs up into tributary valleys in
times of flood. As a result certain areas in the Belleville and
Breese quadrangles are sometimes flooded by water which fell
on areas not within the drainage basins of its streams.

The northwestern part of the area is drained by Canteen
Creek and Schoolhouse and Judys branches and their numer-
ous small intermittent tributaries. The southwestern part is
drained by the headwaters of Richland Creek.

Silver Creek flows from north to south across the west-
central part of the area, with a fall, measured by stream length,
of a little more than a foot to the mile, or, measured by flood-
plain length, of nearly 2 feet to the mile. Its prineipal trib-
utaries in the area, named from north to south, are Wendel
Branch, East and Lake forks, Mill and Ogles creeks, Rock
Spring Branch, and Little Silver Creek.

Sugar Creek flows from north to south across the middle of
the Breese quadrangle with a fall, measured by flood-plain
length, of about 3 feet to the mile. It is a considerably smaller
stream than Silver Creek. Within the quadrangle it receives
the waters of Spanker and Lake branches and numerous
smaller unnamed runs.



The course of Shoal Creek lies along the eastern border of
the area, parallel to Sugar and Silver creeks, and its fall,
measured by the length of the flood plain, is about 18 inches to
the mile. Its drainage basin is narrow and its tributaries in
the Breese quadrangle ave intermittent and are only 2 or 3
miles long.

In the upland part of the area erosion channels are not well
developed and the surface drainage is imperfect. The streams
rise in ill-defined depressions and here and there throughout
their courses are fed by small springs that issue from the con-
tact between the porous loess and the underlying bowlder clay
and form sandy lenses in the bowlder clay.

CULTURE.

The quadrangles are rather thickly, though not densely,
populated. The city of Belleville, in the extreme southwest
corner of the area, had a population in 1910 of 21,122, The
other principal towns, named from west to east, are Collinsville,
Glen Carbon, Troy, O'Fallon, Lebanon, Summerfield, St.
Jacob, Highland, Trenton, New Baden, Aviston, Breese, and
Germantown. The population of Collinsville is more than
7,000 and the other places contain several hundred people each.
The area outside the towns iz well settled, dwelling-houses
along the principal roads averaging less than one-fourth mile
apart, and schoolhouses and churches are numerons.

Most of the surface is under cultivation and agriculture and
coal mining are the principal industries, the mines, which are
most numerous near Belleville, giving employment to several
thousand men. Manufacturing industries are not numerous or
extensive, though some manufacturing is carried on, especially
in Belleville. The men employed on the railroads live, for
the most part, outside the area.

The quadrangles are well provided with transportation facil-
ities. The Southern, Louisville & Nashville, and Illinois
Central railroads radiate from Belleville; the Baltimore &
Ohio Southwestern Railroad ecrosses the central part of the
area from east to west; and the Pennsylvania, St. Louis, Troy
& Eastern, and Illinois Central railroads cross the northwest-
ern corner of the area. Electric lines from St. Louis reach
Belleville, Lebanon, and Collinsville. Wagon roads are of
ordinary abundance, and many of them follow land-survey
lines. Hardly any point in the area is more than half a mile
from a public road. Few of the roads are macadamized.

DESCRIPTIVE GEOLOGY.
STRATIGRAPHY.
GENERAL CHARACTER OF THE ROCKS,
The rocks of the Belleville and Breese quadrangles are
wholly sedimentary and consist in part of nearly horizontal
indurated strata, Carboniferous or older, and in part of uncon-

solidated surficial deposits of Quaternary age, which nearly
everywhere overlie the hard rocks. (See fig. 4.) The hard
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are more than a thousand feet deep. One boring just outside
Baolloville-Broese.
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the area is about 2,000 feet and another is about 3,000 feet
deep.

Strata of ages ranging from Cambrian to Ordovieian, resting
on a pre-Cambrian floor of metamorphie rocks such as outerop
in the St. Francis Mountains in Missouri, probably underlie
the Belleville-Breese district, for such strata have been pene-
trated by deep borings at many places in Illinois and outerop
in neighboring States. The deepest borings in this region are

just outside the quadrangles, at Monks Mound and Mascoutah.

They pass through all the thick Pennsylvanian and Mississip-
pian formations and appear to have reached also through the
Devonian and Silurian systems, if present, to the St. Peter
sandstone of the Ordovician system. Samples from many of
the strata encountered in these wells have been preserved and
have been carefully examined by the authors and by several
others. Sections made up from logs of wells are given on the
columnar-section sheet. A few others are described below.

A well was drilled by Julius Postel in Mascoutah, about
a mile from the sontheast corner of the Belleville quadrangle,
to a depth of 3,050 feet. Few samples of the drillings have
been preserved, but some were examined and described by
J. H. Southwell, who has studied many drill euttings and well
recorids.

Log of Postel Mill well, Mascoutak, T
[Altitwde of surfuce, 425 feet.]

! Thickness,

Bystem, formation, and bed, Depth
Quaternary systom: | .

Lioess and till (104 foet): Feat. Feet,
Clay. e S L R R T e TS PR a0 | a0
KT T AR S 0 S s S C e SO LNl e 5 | ]
Sand, white, compaet . ____ I 5| 40
Bowlder clay, with gravel T feet above base ____ 64 | 104

Carboniferons system:

Pennsylvanian series (287 feat): |

MeLeansboro formation (41 feet): !
Limestone _ SEEREY DO P TR e H 112
‘Lum-"]mr{l c{m,lv_..._.________.____...____ Hil 142
LWy e ] el et - gl oo i il O el Lol T h3 145
Carbondale and Pottsville formations (196 feet):
Coal, Herrin (Belleville, or No. @) _________.__ i3 151
[ 21074 |7 ST N Ty g U SN ISR Y i SR P - 15 166
EEORTGOTAL L S e S e 10 176
e T e RO SRR 5 e o e N S P S 25 20
Coal {}}rub:l.hl} cquivnlnnl- to Eprlngﬂ&ld or
IOREE i e TR e & b | 206
Shale, light gray______._______ s 60 | 256
Bhale bine oo o it el e 40 | 200
Bhala, Hght gray - - e e 45 341
Mississippian series (1,730 feet):
Chester group (1) (300 feet): :
Bhale, red, sandy (“red roek™) . _________. 2ok 45 | BE6
21 o4 P o N SN R ot i, sl B2, B (PR T et S0 154 | 540
T noerbomue 5 e R e L e | b ! 545
Sandabone o Thas 45 | 1]
21 [ S ey s, Sy ColiGglncn o S, B R dge 25 615
B g el g S LR L R e S ety 20 G35
Shale, red, sandy {"rm'] rock”}--.--..‘____... il Gy
&hale, light eolored, ealearsons, with some I
gandetone ... ._..... R il T40
ft. Louis and Spergen 11meatoneﬂ {1ED :!'eal)
Limestone. .. ...... Lioiaidl A0 1, Sy

Warsaw shale, Osage group, and Kmderhmk |
formation (880 feet):

R G P N S e e 420 | 1,620
Limcstone. shaly ...... = 500 2, 010

Marl, red (Fern Glen limestone nmmlmr nf [
}{mdﬂrlumk formation?) .. _____________ T 2, 080

Ordovieian and possibly Silurian and Dm rmian systﬁms

(959 feet):
R rmeatomie o e e e R R S S e 196 | H
Bhale M aguoketal) ool e el pmen 127 o2, 833
Limestone. . L e e 449 2,782
Shale._.. e o o e e S o Ga 2,840
1 T T PR D ST SR P S - 10 2, 850
Shale anfl limestone____ .. ___________. 48 2, 898
Handstone, clean graing, well rounded, prol.nbly SL

i e e i

171 | 3 069

A well was drilled for oil about the year 1903 on a small
mound 1,000 feet sonthwest of the village of Monks Mound
and 5 miles west of Collinsville. At least 100 samples of
the rocks penetrated were carefully collected by 8. L. Shellen-
berger, of East St. Louis, and presented to the St. Louis
Academy of Science. The following log is made up from a
study of the samples, the interpretation heing in part the
work of the authors and in part that of E. O. Ulrich and
others. The identification of one or two formations and the
exact boundaries of several others are in doubt, as will appear
from the log.

Fog of well near Monks Mound, I

[Altituds of curb, about 480 feat.]

E-;nl-:sm. formation, and bed.

Quaternary system:

Alluvinm (150 feot): Feet. | Fesl,
2oil, sand, and gravel ... _____ 40 : 40
Band, fnegrained. ... 20 i
BSand, coarsa,__ . 4 i T g vgn b T3 Ly nicn 10§ i
Gravel; one wﬂrnUﬂiG 1T | S S Tari] &0 | 150

FLaog of well near Monks Mound, I, —Continued.

Carboniferous system:
Pennsylvanian series (* Coal Measares ") (756 feet):

System, formntion, and bed, Tﬂm Dep!.h.
‘ Feel,
Bhale, gray, slightly ealeareons _.______._.....__.| 205
Bhale, light bloe, nonealearaons, in places lami |
nated; a little limestone near top and base ____| 20 225
Mississippian series (700 feet): |
Chester group (1) (80 feet): i
Sandstone, calearsows. ..o oo ' 5 250
Sandstone, white, compaet___________________ | g | 295
Bandstone, moderately fine grained, friable._| 65 | HiLL
Limestone, shaly, light eolored. ... smmmmmnnn 3| il
Bandstone, gray, fine, light-colored.. .. ... | 10 i b
gt. Louis and Spergen limestones (403 feet):
Limestone, fine grained, compact, white.____ 45 B0
Limestone, white, with a little sandstone and

ghalat i SULEE I W R A 20 280
Limestone, gravish white, withalittle thinly

Inminsted ehale __ _______________________. &0 410
Gravel and sand, ecemented by laminated

irom, with some dark qherb in dolomitie

limestone. LT 8 N S T &0 440
Limestone, gray, with some b]uish COATEE

T e SR e e B 400
Limestone, 'u-]ntn, fosslhfemuﬂ ............... 15 L11+]
Limestone, gray, erinoidal, Bomewhnt bitu-

minous ... _..... e Vil ) B 10 )
Limestone, gray, brac::m.tml e 10 GG
Limestone, nearly pure, w1th some chert | 65 Ho0
Limestone, fossiliferons . ... oo B . G253
Limestone, breceiated, fossiliferouns, without | '

Pl Ty P LGN | DN o T e 4 | G700
Limestone, cherty, fossiliferons____._____.___| 10 | G0
Limestone, gray, not cherty, fossiliferous, |

eontaining some elay. (This bed and proh- |

ably several overlying are Spergen). ... ..__ 88 Ti8

Warsaw shale (62 feet) :
Shale, calcareons, groy_ e G2 TE0
Osage group (Keokuk and Buorlington lime-
stonoes) (235 feet):
Limestone, gray, erinoidal, fossiliferous,

cherty NENEYE TUR TR | ST S 10 T
Limestone, e¢herty, light eolored .. ____._ 20 §10
Chert, white, and limestone, ... 140 950
Limestone and chert, some having a green-

ish tinge and some containing organic |

fragmambaiats bt peaont TS et b e | 15 065
Limegtone, dull greenish with erinoid stem __| a0 ! 285
Limestone, greenish gray, ul;l.art.}r 0B du“ |

purple and pinkish=________ . __._.. 20 1,015

Kinderhook formation, with possibly some

Devonian at base (80 leet):

Mar], Pl R e a 1, 045
Limestone, brecciated, erincidal . ______ ] 1, 050
T T R A i3 1, 045
Limestone, grayish white ..__________..______| 15| 1,070
Limestone, gray, fosgiliferous, with some

gray and pink fragments___________________ 11 1, 081

Limestons, gray_ . . o iecmaeeas 14 1, 045
Ordovieian system:
Richmond gronp and Kimmewick limestone (220
feat):
Marl, gray, with some marcasite .. _._.__...____| 10 1, 105
Shale, doark bluish gray, caleareous, very hard__ 20 1,125
Limestone, dark gray, shaly, with many grains |
of mareasite. (This and the two preceding |
beds probably constitute the Maguoketa shale |
of the Richmond group) .o .| 10 1,186
Limestone, gray, in thick flakes__________________ a5 1,170
Limestone, purplish and greenish pink, gritty,
erimoddall s e tee b cue el B R S 25 1, 195
Limestone, pinkish, greenish gray, and white__. 18 1,218
Limestone, dull pink, with some chert.__________ 13 1, 225

Limegtons, magnesian, dull greenish, with pink-
ish blotches of indistinet outline and many
poorly preemrvml erinoid stems amd other
Tomlle (55 S B o RiT FT i ETu b3 1, &30

Limestone, red, reddish and greenish gray, with

goma white limestone having a resinous luster. 20 1, 250
Limastona, dull pinkish gray _ S Siliinte o REES 6| 1,255
Limegtona, white, compaeat, mth Grinmd stetlla,

in places cwma'l:.r ervstalline. S ; 20 1,275
Limestone, slightly fossiliferouns, mamm;tm. Y Wb i 1, 280
Limestone, nearly white .. cceceecmrm e e e 6| 1,285
Limestone, white, erystalline, granular__________ 15 1, B0k

Limestone, white with greenizh and black
specks and a little marcasite_ . __________________ 15 1, 815

Plattin and Joachim limestones (660 feet):

Limestone, magnesian, faintly yellowish gray
glightly porous and pa e I AR Tl 20 1, 835
]

Shale, preenish gray, nonealeareons - _____ 1, 3940
Limestone, gray, bitominons, somewhat eri-

noldal and pyTibS. . cccee e s ————— 100 | 1,400
Limestone, white, coarsely erystalline ... __.__. o0 | 1,580
Limestone, light gray, slightly bituminous ______ 10 1, 680
Limeatone, dark graF . ccccceccceiceecnmmasmnaea- 20 1, T00
Limestone, light straw-colored.....coeeeenunnnn.. 75 1,75
Limestone, gray, with some pyrite. . ............ b 1, T80
Limestone, gray to brownish straw-colored...... 3 | 1,815
Limestone, brownish gray_ . _._.... 160 1,875

St. Peter sandstone:
Sandstone, pure, some of the grains with facets
of secondary erystallization, but most grains
rounded, uniform grainad ____ . _____ 125 [ 2,100

alk i; possible that the basal portlon of this stratum should be classed with the Kinderbhook.
PRE-CARBONIFEROUS ROCKS.

In the well near Monks Mound a sandstone found at a
depth of 1,975 feet and penetrated for 125 feet, closely resem-
bles the St. Peter sandstone and has approximately the same
stratigraphic position and was therefore correlated with that
formation. There appears to be little doubt about the correct-
ness of the correlation, for the 8t. Peter sandstone is peculiar



in that it is composed of well-rounded, poorly cemented grains
of clean quartz sand having surfaces like frosted glass.

The strata lying between the St. Peter sandstone and the
Mississippian series and the probable identity of the beds are
indicated in the foregoing sections. The log of the Monks
Mound well is unusually complete and satisfactory, for the
samples of the drillings were carefully collected and preserved.

CARBONIFEROUS SYSTEM.
MISSISSIPPIAN SERIES,

LOWER BEDS.

Concerning the lower part of the Mississippian series in the
Belleville and Breese quadrangles not much more is known
than of the underlying formations. The Fern Glen limestone
member of the Kinderhook formation is usually noted in well
records on account of its red color and therefore servesasa
valuable index rock. It also containg an organic fragmental
limestone of somewhat characteristic appearance. Red shale,
probably belonging to this member, was noted in the Trenton
Oil & Gas Prospecting Co.’s well at a depth of 1,900 to
2,000 feet and in the Postel Mill well at 2,010 to 2,080 feet.
However, the correlation is not regarded as certainly correct.

Above the Fern Glen limestone member lie the limestones
of the Osage group which are generally identifiable from their
stratigraphic position and their cherty character. The three
well records which have reached the Osage group are not
closely concordant for this part of the section, and it is not
known whether the apparent discrepancies are due to faulty
records or whether there is an unconformity or overlap in the
section. Apparently the basal part of the Mississippian series
has a greater dip to the south and east than that of the over-
lying Pennsylvanian beds.

What is definitely known of the character of the other
Mississippian rocks beneath the quadrangles is shown in the
well sections, but much more may be reasonably inferred from
the character of the rocks in the area of their outerop a short
distance to the south and west. The Meramee group includes
the Warsaw shale and the Spergen and St. Louis limestones,
the three formations having a combined thickness in the region
of 400 to 500 feet. The Warsaw is composed chiefly of shale
and is not readily separable from the upper formation of the
Osage group, the shaly Keokuk limestone. The succeeding
Spergen limestone is a nearly pure light-gray limestone, which
is locally oolitic and in places very fossiliferous. The St.
Louis limestone is composed of light to dark gray, commonly
fine-grained limestone including local beds of shale and
shaly limestone. Tt is better known than the underlying for-
mations because of its extensive outerop in the region and the
fact that on account of its thick resistant cherty nature it is
usually noted in well drilling. TIn fact the well drillers use it
extensively as an index stratum and have the habit of refer-
ring to it as the “ Mississippi lime.”

CHESTER GROUP.

The Chester group, which constitutes the uppermost part of
the Mississippian series of the region, includes the rocks which
in southern Illinois and western Kentucky have heretofore
been elassified by Ulrich as Cypress sandstone, Tribune lime-
stone, and Birdsville formation. Whether it also includes the
Ste. Genevieve limestone is undecided. As a result of recent
detailed stratigraphie and paleontologic work in Monroe and
Randolph counties, I1l, a few miles south of the Belleville
and Breese quadrangles, Weller! has recently subdivided the
Chester group of this immediate region into the following
formations, from the top downward: Clore limestone, Palestine
sandstone, Menard limestone, Okaw formation, Ruma forma-
tion, Paint Creek formation, Yankeetown chert, Renault for-
mation, and Brewerville sandstone.

The rocks of the Chester group congist of about equal
amounts of shale, limestone, and sandstone. The shale is
gray, greenish, bluish, and reddish. The limestone is compact,
fine grained, and in places magnesian, as was noted in samples
obtained from a well at the vinegar factory west of Belleville.
Some specimens of limestone are nearly white but contain
scattered dark-green grains; others are dark and some contain
embedded fine sand. The sandstones of the Chester are not
uniform in composition or in texture. In some places the
grains are coarse and rounded; elsewhere they are fine and
angular, The sandstones are also locally caleareous.

From the type locality, which is about 40 miles south of
Belleville, the Chester group dips and thins to the northeast.
In the Belleville and Breese quadrangles only a small part of
the Chester is present, and possibly in some districts none of
the group remains. The thinning is largely the result of the
removal of the upper part of the group by erosion before the
deposition of the succeeding Pennsylvanian series. Almost
everywhere beneath the quadrangles the Chester includes con-
spicuously red shale and marl, easily noted and almost always
reported by careful drillers.

' Weller, 8tuart, The Mississippian Brachiopoda of the Mississippi Val-
ley hasgin: Illinois Geol, Sorvey Mon. 1, pp. 28-20, 1914,
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In the Collinsville well and in the old smelter well at
Collinsville, red shale and red rock were noted at two horizons
90 feet apart. In the Hoblitzell well, near Aviston, two strata
of red rock are 170 feet apart, and in the Postel Mill well, at
Masecoutah, similar strata are 250 feet apart. The “red rock”
strata seem to be rather persistent, though the stratigraphy of
the Chester is, on the whole, somewhat irregular, shale, lime-
stone, and sandstone giving place to each other within com-
paratively short horizontal distances. The unconformity at the
top of the Mississippian series is well known from outerops
outside the quadrangles and from the records of many borings
throughout southwestern Illinois, The truncation of the
Chester group in the quadrangles is also indicated by the
following table compiled from well borings:

Tnerease in distence of ved shale of Chesler group from the Herrin coal

(Belleville, or No. 6) toward (he southeast acrose the Belleville and
PBreege guadrangles.

| Depth of Approxi-
Yrad rock ™ | mate dis-
Location of well, Deseription of beds in recorda, under the |tances from
Herrin eonl,| Collinsville,
i: in feet, in miles.
Collinsville ...,..,I Red shale, red and black shale______| 135-285 /]
1 I P TRy 2y Bad Bhals o e e 200380 0
Cantine____ -.| Red fire clay, red shale with lime___ 175 i
Balleville ....._..| Redshale .______________ . oooooeno. a50 | ]
Do..._. | Redshalerook __________ oo 800 7
Highland ... ..._.| Brown limestone, red sandstone,
red shale, brown sandstone, red
[T M e el gy g B35 ]
Trenton _______._| Bedghalyroek._____________________. | 500 13
Mascoutah _____.| Red rock._ ... el et N T | | 485 14
N TR NG T | SR NS 1 ) (R 18

This table indicates that the Pennsylvanian series is thicker
in the southern and eastern parts of the area than in the north-
ern and western parts. The irregularity of the change, how-
ever, suggests that there may be more than two strata of red
rock.

The sandstones of the Chester group contain water almost
everywhere except where they are very compact, though gen-
erally the water is salty, particularly at a distance of several
miles from their outerop. Near Carlyle and Sandoval, a few
miles to the east, these sandstones contain valuable pools of oil
and gas,

PENNSYLVANIAN SERIES,

POTTSVILLE FORMATION,

The Pottsville formation comprises the strata from the base
of the Pennsylvanian series to the base of the underclay of the
Murphysboro coal. It consists largely of sandstone and, like
the underlying Chester group, it thins northward, so that
although many hundred feet thick in southernmost Illinois it
is generally only 10 to 50 feet thick in the Belleville-Breese
area. In places it is represented only by clay, but the clay
contains, here and there, remnants of plants by which the beds
are correlated with the Pottsville formation of Pennsylvania,
Generally the formation in this region includes some shale and
a little thin, irregularly bedded coal, but no limestone. It is
thus sharply differentiated from the underlying Chester group
the nppermost part of which is limestone. It is more difficult,
however, to distinguish the Pottsville from the overlying Car-
bondale formation in borings, because in this area these two
formations are much alike in character and thickness,

CARBONDALE FORMATION.

F

General features—The Carbondale formation is named from
the town of Carbondale, in southern Illinois, near which it is
well exposed. It embraces the strata from the base of the
underclay of the Murphysboro coal, which is somewhat irreg-
ular in development, to the top of the Herrin coal, which
underlies most, if not all, of the area.

Like the Pottsville formation, the Carbondale is known in
the quadrangles only from borings, though in the western part
of the area it lies near the surface. It consists mainly of sand-
stone and shale, a few somewhat lenticular beds of limestone
and fire clay, and one to three coal beds, all but the Herrin
coal being thin. In many places the shale is sandy and in
some places it includes thin beds of sandstone. The formation
ranges in thickness from about 90 feet at Belleville, where the
Mississippian series reaches the highest altitude, to about 200
feet in the northeastern part of the area. From Belleville it
thickens northward and eastward, as is shown in the following
table, made up from such well records as indicate most defi-
nitely the position of the Mississippian-Pennsylvanian contact.

I'nerease of the combined thicknesses of the Pottsoille and Carbondale
Sormations in the Bellsville and Breesge quadrangles,

Feat.
Belleville, Reinecke mine shaft________ _____ : 100
Collinsville Water Co's wall.. ..o 140
Collinsville old smelter well_________________________ 140
Hec. 82, Jarvis Township, Lumaghi Coal Co.'s test

hole No. 2___________. sy Sl N S TP 180

Lebanon, Lebanon City Coal Co.’s boring . __. 190
Highland, Highland Prospecting Co.'s boring_______ 240
Trenton, Trenton 0il & Gas Prospecting Co.’s boring ~ 200¢
Aviston, Hoblitzell oil prospeet well_________________ 2007
Albers, boring for eosl 220

This table bears out the inference of an overlap of the basal
part of the Pennsylvanian series and this inference is further
strengthened by changes in the number and position of the
coal beds and by the fact that the thickness continues to
increase southeastward from the quadrangles. There appear
to be three coal beds, one in the Pottsville formation, another
about 50 feet higher, at the base of the Carbondale formation,
and another about 40 feet below the Herrin coal. Where the
Mississippian series rises highest the lowest of the three coals,
which is probably the stratigraphic equivalent of that described
by Worthen as coal No. 1, is absent. The second coal bed,
which is probably the Murphysboro coal (No. 2), overlies the
c¢lay in the mine near Collinsville and serves as a roof in the
entries. At this place the coal is eut by numerous “clay
veing,” 1 inch to 5 inches thick and 1 foot to 3 feet apart,
which follow sinuous courses in haphazard fashion and are not
influenced by any system of parallel joining. The highest of
the three minor coals is probably equivalent to the Springfield
coal (No. 5 of Worthen). It ranges in thickness from 2 to 6
feet and in position from 32 to 58 feet below the Herrin coal.
The distance between any two of the coal beds increases, how-
ever, somewhat irregularly from west to east, most if not all
of the beds showing a thickening in that direction.

Herrin coal ( Belleville, or No. 6) and immediately underlying
strata.—The Herrin coal is the most persistent stratum under-
lying the quadrangles. It is ecommonly underlain by elay,
beneath which is a bed of limestone that is almost as per-
sistent as the coal. Where the clay iz absent the coal lies
directly upon the limestone. These beds and those just above
the coal are better known than any other parts of the Carbon-
dale and MeLeansboro formations on account of the extensive
mining operations on the Herrin coal.

The thickness of the limestone ranges generally from 2 to 6
feet. In some places the amount of calcareous material is just
sufficient to give a marly character to sandstone and shale.
Elsewhere the bed has the form of scattered limy coneretions.
In some places the limestone is much thicker, as in the
Lumaghi Coal Co.’s test hole No. 2, where the material from
1 foot to 29 feet below the coal is reported as limestone. Near
Breese the limestone immediately underlies the coal. In the
Summit Coal & Mining Co.’s shaft, north of Belleville, the
upper part of the limestone is nodular, and elsewhere around
Belleville the limestone and overlying coal are each about 5
feet thick. In many places the limestone includes partings of
clay. In the records of many borings and coal shafts the
limestone is described as coneretionary. The upper part of
the bed commonly contains dark nodules of bituminons mate-
rial, and although the upper surface is as a general rule
sharply defined, in some places the limestone grades into the
overlying clay.

The under clay of the Herrin coal averages about 2 feet in
thickness and is generally light gray, although in some places it
has a greenish tinge. When wet its upper part is usually more
soft and plastic than its lower part. In places it is sandy and
hard throughout. In comparison with the under clays of
other coal beds throughout the State that of the Herrin coal is
thin. The measurements of its thickness are obtained largely
from records of churn-drill borings, most of which are no
doubt inaccurate. Nine reliable measurements, however, have
been obtained in these quadrangles. Two of them show only
a thin film; the others indicate thicknesses ranging from 1 foot
to 5 feet.

The Herrin coal is present and is of workable thickness
practically throughout both quadrangles. It has a bright
luster and is comparatively free from original sedimentary
impurities, Its bedding is uniform and it may readily be
separated into several divisions. Measurements of thickness of
the coal in 33 mines and 6 coal test holes average 6 feet and
2 inches. The extremes are 3 feet in a shaft made at Aviston
and 11 feet in the Consolidated Coal Co.’s mine at Breese. Of
the 33 measurements, 1 falls below 4 feet, 5 are between 4 and
5 feet, 7 between 5 and 6 feet, 15 between 6 and 7 feet, and 10
between 7 and 8 feet. These measurements, however, are too
few to show in detail the distribution of the thin and thick
places in the coal. Between Lebanon and Breese the coal is
thinner than it is either on the east or west. In a drill hole
made many years ago at Highland no coal at all was found.
At Aviston it was too thin for profitable working and in the
Germantown mine it is thinner than in any other mine in the
area, The places where the coal is thin are nearly in line,
which suggests that the thinness may be due to some geo-
graphic feature that existed at the time the coal was being
deposited.

The coal has several partings, which either consist of thin
layers of clay, mareasite (““sulphur”), or charcoal or are merely
planes of sedimentation along which the coal easily splits. One
of the partings, known as the “blue band,” is thicker than
any other and is persistent throughout the quadrangles and an
adjacent much larger area.

The bottom coal has a somewhat duller luster than the
overlying bench and is more sooty in its partings. It also
contains more mareasite, which lies in irregular more or less



horizontal streaks and generally containg impressions of wood.
The thickness of the bottom coal averages about 18 inches and
ranges from 8 inches at one place in the Germantown mine,
where the coal bed is thin, to 4 feet in one of the mines at
Breese, where the thickness of the entire bed is 11 feet. In
general the thickness of the bottom coal differs from place to
place with that of the whole bed, but in the thicker sections
the bottom coal makes up a larger part of the whole than it
does in the thinner sections.

The thickness of the clay seam known as the “blue band”
ranges from one-fourth inch to 2 inches and increases with
the thickness of the whole coal, although the increase is
less regular than that of the bottom coal. The “blue band”
is generally dull gray with a bluish or greenish tinge, but in
some places it iz reddish or yellowish, this eolor being due
to the presence of ferric material. In places it'is dark gray or
almost black from carbonaceous material or mareasite. It con-
sists for the most part of elay, although in places it contains
iron and ecaleinm carbonate. Here and there it contains so
much caleareous material that the seam is almost a limestone.
Where it is thinnest it generally contains mareasite in streaks
and also “smutty” coal.

The thickness of the coal above the “blue band” ranges
from 33 to 84 inches, the average being 55 inches, or a little
more than three times that of the bottom coal. The maximum
thickness is about two and a half times the minimum, and in
this respect it is less irregular than the bottom eoal, whose
maximum thickness is six times its minimum. The upper coal
is more or less distinetly divided into three benches, which are
variously called by the miners bench coal, bulk coal, drift coal,
O-inch coal, top coal, and blacksmith coal. Owing to loose-
ness of usage and to differences in the coal itself these names
are used differently by different miners, but in general they
apply from below up in the order given.

MeLEANSBORO FORMATION.

Stratigraphic  position, chavacler, and thiclness.— The
McLeanshoro formation comprises all the Pennsylvanian
strata above the top of the Herrin coal (Belleville, or No. G).
It is named from MeLeanshoro, Hamilton County, IIL, where
its thickness is probably greater than elsewhere in the State.
Stratigraphically it is the highest indurated formation of the
quadrangles and it underlies the surficial deposits practically
thronghont the area. Tts greatest thickness in the quadrangles
is about 400 feet along the east side of the area, and it has
been so truncated by erosion along the west side of the area
that only a few feet of its lowermost part remains.

The formation, like the Conemaugh formation of the Appa-
lachian region, to which it in large part corresponds in age, is
barren of workable coal beds and consists chiefly of shale ard
sandstone. It contains also limestone, clay, and thin coal, the
proportion of coal being considerably less than in the Carbon-
dale formation. The succession of strata is shown in the
columnar section forming figure 4, and their variations from
place to place are indicated by the following selected records of
borings:

Seetion af Consolidated Coal Co."s Troy or Rrookside mine, af center af south
linaofgec. 0, I 3N, R 7 W.

[Altitwde of surfaes, 56 foamt,]

Gquaternary system: Ft. in.
Borface deposits. ..o oo .. 28
Carboniferoas system:

MeLeanshoro formation :
Erandnkonintaie it f o oo oL L HES  epslit L 1
e T o e e S S T R |1
d VT Tt sl Aol ok i i s 2
“* Boapstone "
Sandstone
T et st i M T S i B
Clay _____._.
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Pandebomias e e = ro i s e el
““Boapstone™ _____________
Timeatome Lol o, ool il
Bhale . . oo
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Shale, gandy__________. s LR o
Timestome, whibece oo vl b e e maeln
L2 [T oo Sy e el SR P ST et 0L o £ Sl
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Seotion in Lumaghi Coal Co.'s test hole No. 4, in the NW. } 8E. } sec. I7,
TeN,RTW

[Altitude of surface, 505 feet. ]

QGuaternary svstem: Ft.  in
Burface deposits. .. .. : Dl it L ik T SO b
Clay, vellow, and gravel, mixed ____________________ 12
Gravel __________ Litpriin i eheid  §idge yiopu iy g 8
Clay, yellow........_. L . o

Belleville- Hreese,

Ft. in
Clay, blue, and gravel ... oooee. ..., ity 8
Carboniferons systom :
MeLeansboro formation :
Shale, hard, light blue . ___.____.. : R
Clay and lime bowlders_ . ____ SRR ]
Teimestone, ey . Lo seie i o seendy vl o0
Clay and bowlders. ... .ccoeeecee e i [
Limestone, gray R - s . 20
Shale, hard, dark bloe ______ FRTI_ Y Ny 4
Carbondale formation:
i 1 e R e e i ( -memne 1 &
Coal and shale mixed % Herrin conl - _______ 2 8
[0, 1 R W { 4
Limestone, gray . __ A R Tt s et 2
Clay and lime bowlders. .. .ooovooeeonnnn. Sl
Limestone, gray, with partings of fire clay_____ 20
Zhale, bard, light boe__________________________ 20
(R g e i L it ’ R (1]
Bhale, hard, light blue ________ ... _______ B
200y

Seotion af Cooperative Coal Co."s mine, near Breese, o Dittle east of the center
of the W feee. 28, T 2., R 4 W.

[ AdtEtade of landing, 485 foet,]

Quaternary system: Ft. in.
BollEhilark o Fd v Robi f, M0 g v el g o 1
Subsoil . 4 * 1
“Hardpam" _________ 2
Clay, bluish sandy R L L R R N E TR T e T TR bt
Clay, bard blae..___..________.__. b

Carboniferons system :

MeLeansboro formation
Shoal Creek limestons member______ S T L
‘“Blate,” black, horizon of eoal No. 9 _______ 2 8
Clay ___ LRI A : 5 2
Bandstone ________ i el L O g e ety
Bhale, blue, sandy oo e oo 16
Shale, hard elay S el 21
Limestone LTI ks 1 8
Hhale, black __ ____ e e i | 18 g 0
Limestone it gt SR Tl G
“Fireclay" ... _____ &
Bhale, hard, eandy .____________ i 13. .4
Shale, soft, sandy_______ F My T O
Bhals, blue .__.____________ ® 1]
Bandstone, har r Iy g b
Bhale. sand £ 3 10
Handbonar sl S e e R T
Shale, sand - ai
Bandstone, blue_ . ______ AL [
Bhale, hard, blue p &
Bhale, soft, blue - . B2
Shale, black ____ __ ¥ ]
Choal Woe8 oL s 251 L 1a0 %
Limestone __._________ o 5 B
Hhale, hard sand Gl L
Hhale, blwe ssad o Lol o ciii ool 10
Limestone, hard, blus __ 3. 3
Shale, blue, and bowlders___ .. ... _________ a7
Shale, hard, blue .. L 28
Limeroek_ . _____________ o, |
Hhale, black _ o i
I g ] el A i b S e L IR 4
Limestone _____ .. __...... PO L} b
Ehiads Blaele . A0 oo i o o 3o 4
Coal No. T. e b * 1
Bhale, soft._____._.. Al ¥ 1
Clay ____. SECEE AT e BN ol 8
Limestone, * marble ™ _ ) [
Hhale, black 8
Limestone ____ PRI T IR I W ) TR 1
Limestone, bloe _________ MR R 1
Limestone, hard 3 e e | 2
Limegbome; blaekiicos co Sl ooliiosiosslusl 13
Carbondale formation:
Conl SHepeiny - ey SO ST T R T e 7
el 1 1T el A B _ 10
8 10

Section in Cooperafive Coel Co's test fiole, one-half mile soutl of shaft
of Consolidated Coal Co's mine, east of Breese, near center of the 8. |
geo. 25, T 2N R 4 W.

[Altitude of surface, 420 foct.  Deseription furnished by Mr, Emil Ericson, deil foreman, |

Quaternary system : Ft. in.
0] 7 oS T N B NS Rl GG, G ol SRS 8
Band . ... \ s LA L T |

Gravel and bowlders . ____
Carboniferous system:
MeLeanshoro formation :

Sandstone _ e Rl E e il o Tk i 16
BhnlePaailytin . Sl el ube e b 24
Shale, blua bt b o i S Tt W 12 &
Shale, sand____________________ LI 2 0
Shale, black S 3
Shale, sand. oo o Ghi_aty E 1
Bhale, clay____________ R S 8
Hhale, sand . e e I O LI Y .
Shale, blae ... _________ §! R g
Hhalel sandrs o o tpa b L EF T gl oy 18
Shale, sandy, bloe . ___________________. . &
Hhale, black__________. . o R e 2 &
Limestone ______ Pl Canattl. Beds o 1
Shale, black e W . 3
T Foc e o a e M bai c. v pplh  aofercingiya Rin et gl 1]
Hhale sand 5 MRSV E R A T (Y0 (N 9 3
Ehadeahlie ot af Sngot o the Sl bl Loy o siet s TR
Sandstone with shale partings.______ ¥
Shale, blue R . = 9
Bhale, blae, sandy___ u L a
Shale, black. e S SR v i)
Limestone ._..___________. __ 2
Shale, black . __ .. 4 - 10
Hhale, dark blue T e e B T
ghale, blue___________________. a0
Phele: Blagk s o =iolks TR AN TTTRAH. ML, [}
Rhpleonloomd < u ol wfal FEf8 2 oyt b iiteh o 1
#Hhale, light blue_ 13 6
=hale, sand 1
BhaAda.: hlRak SO S bl Tor Sl ie) ) 1k 1
Hhale, clay ooht o e SR e iF o 8
Limestone A 3 6
2] e L Oyt i st i et 1 8
Shale, bloe _______ . __.__. 8
J DL Aot e e i S S P e WP &

Ft. In
Limestone . o e e e RN, LT ) A AL 68 6
Rhale Bhoét UL S Sni s ta g L [
Limestone, blue fal e W Ny 1
Shale, blue ... L Saarkiuooudl O TRl e 4 B8
Limestone, dark_____ . _____ 1l ... A 1
Limestone . A doozes e lmeys O F 1 IR
Bhale, Blaele o e e e 4

Carbondale formation:

Gloal oL i FRLINY T | 6 11
Limegtone, dark. oo ccceae oo oo 8

872 B

Section of Germantorn coal-test boving, abouf onefourth mile sonth of
centar of see. §, T. 1 N., R 4 W., northwest side of Germantornn, north
af the Southern Rafluwoay.

[Adtitude of land, 435 feet, Dilnmond drill test made in 1807, Log furnished by secretary of, the
local eompeany. ]

Quaternary system: F
], BE T o e o el o . o o e
CRa T T TR LA
Sand, vellow._ ... i Myt )
Band and Eravele. o f 2 e e B g L b S0k g
Quicksand ___ . ______._____
Band, yellow . - e
Banid, oy s el it TR il

Carboniferous system:

MeLeansboro formation :

im,

= -

=S r =2

Bhale TIanlcis SNl -Gl - B0 SHiL_p 2 4 6
Hhale, dark blue, soft AR iy S ard 2
Shale, light blae, soft.____ . ____________________ 1 8
LT D R o N Ll L D 17
Dl o et gt —1 IR L T b
8hale, light bloe, soft__________________________ T8
Sandetone .. ________ . _________. S = 2
Hhale, gray, sandy B & Sheswi iy 18
Bandetome fe b oo o Aspe a0 n e Do 20
Shale, gray, eandy - e e ———— a6
Sandstone __________ : oY R LN T
Shale, dark blue ade ol Bm ol Vaepae h2
Bhale, Heht blued o v. v oot e -0 e 0 9
Shale, black 2 il e 1
Rhale, light blue._____ T SN, W b 8 6
Limestone ______________ L MGy k. O 1]
Shale, light blue_____ B
Bhale, black, and coal P 16 B Y L3
Shale, light blos__ ... ... .. ..., S ST ||
Lipestone, "“finty"” ________________. ; 4
Shale, light blue B L e -
phsle; DINGESHAL FHO T bt ol e 2

Carbondale formation:
Coal (Herrin), with a parting _.____.____________ g 1
phale b hipst LTt CTEy Yy e 1T Vg

a0

Roof shale of the Herrin coal (Belleville, or No. 6).—The
Herrin coal is overlain by shale, the lower part of which is
commonly black from carbonaceous material. In the Trenton
mines the coal is overlain by 8 inches of coaly shale consisting
of many thin alternating lamins of dark shale and pure bright
coal.  Above this is coal from 2 to 6 inches thick, overlain by
2 inches of dark shale. A similar succession has been noted in
some places in the Breese mines and in the Bennett mine.
The dark shale and thin coal contain a few fossils, such
brackish-water shells as Lingulidiscina missouriensis, Squa-
mularia perplera, and Leaia fricarinate. Dermal fish tubercles
and spines are also found in places and poorly preserved plant
remains are abundant. Among the recognized plant fossils are
Pecopteris dentata and Sigillaria mamillans. Megaspores and
resin casts are common. The shale is well known, for many
mines have made it accessible, and it is economically impor-
tant because it forms the roof of the coal mines. The lower
part, except in the Germantown mine, where it is typical
miners’ slate, is moderately tough, almost black, and contains
flat bands of white fragmental material similar to that found in
the Springfield coal in the mines near Peoria. In both the
Breese and Germantown mines the black shale contains large
concretions of caleium and iron carbonate. The upper part of
the shale is light gray and in many places where the deposit
is less than 2 feet thick the dark part is absent.

For some reason the shale was deposited very unevenly over
the coal and in many places it is lacking. In the Shiloh mine
and in several of the mines about Collinsville and Breese the
roof limestone in some places lies directly upon the coal. In
the Southern Coal Co.’s mine No. 6, in Belleville, the shale
overlies only about half of the coal bed and oceurs in patches
from 50 to 100 feet wide and two or three times as long, their
longest diameter extending east-west. In the (lendale mine
in Belleville the conditions are similar, but the slate patches
appear to run in winding courses, somewhat like the meanders
of a stream.

Roof limestone of Herrin coal (Belleville, or No. 6).—Above
the roof shale, or immediately above the coal where the shale
is absent, lies a limestone that is probably continuous through-
out both guadrangles and that ranges in thickness from 1 to 35
feet, though the greater thicknesses may include one or more
loeal beds of limestone that are represented elsewhere by shale.
In some of the mines east of (V'Fallon and west of Aviston
exploration has not been carried up throngh the roof shale to the
limestone, but in all the other mines the limestone is present.
In all mines where the shale is lacking or is not too thick
the limestone is used for roof. ‘The rock consists of a eal-
careous matrix in which are embedded minute organic frag-
ments, In most places it is light gray, but in some, as in the
mines at New Baden and at (Germantown, it contains dissem-
inated bituminous matter, which makes it dark gray or almost
black, Where it is light gray the bituminous material takes



the form of black nodules or blotches. In texture the rock is
generally close grained and commonly it is made up of layers
8 to 12 inches thick.

Opportunities for observing the fauna of this limestone are
not numerous as it is not exposed anywhere except in the
mines. The fossil commonly known as Fusulina secalien is
abundant and specimens may be found in every pound of rock,
though it is usually not visible except on polished specimens.
Crinoid stems are also abundant. The fossils evidently belong
to a marine fauna and show a recurrence of the conditions that
prevailed before the vegetal material which now forms the coal
was deposited.

At only a few places has mining extended above the lime-
stone and observations on its thickness have been made only
in shafts and test holes, In twelve such artificial exposures
the thickness ranges from 1 to 35 feet, and in more than half
of them it is less than 5 feet.

The lower surface of the limestone may be seen at many
places in the mines. Generally it appears flat and even, but
in places it has wavelike undulations that resemble large
ripple marks. In one of the mines at Breese these waves
measure 10 inches from crest to crest. Here and there, as in
the Consolidated Coal Co.’s mine at Glen Carbon and in the
mine in Germantown, the undulations project downward as
much as 8 or 10 inches, forming elongated cusps or combs
which the miners eall “cat claws.”

Strata between the roof limestone of the Herrin ecoal (Belle-
ville, or No. 6) and the Shoal Creek limestone member.—The
lower 50 or more feet of the beds above the roof limestone are
known from the exposures on Richland Creek in Belleville,
from the excavation of the air shaft in the (Glendale mine, and
from a number of records of shafts and bore holes elsewhere.
In the west half of the Belleville quadrangle these beds consist
of soft limestone, containing more or less fine sand. At Aviston,
Breese, and Highland, where this part of the section is thinner
than at the west end of the area, they include some shale. In
the east half of the Belleville quadrangle and at Summerfield
the records show two thin limestones separated by a thick
deposit of shale, the lower limestone being probably continuous
with a heavier limestone to the east and to the west. This lime-
stone can be found on the dump from every Herrin coal shaft
in this part of the State and on dumps for more than a hundred
miles to the southeast. Tt is characterized by rapid superficial
oxidation on exposure to the air, giving it a reddish-yellow color
on the surface, the interior remaining light bluish gray or
almost white.

This limestone, together with some overlying shale and
another higher limestone, is well exposed in the county quarry
at Belleville, where the following section was measured:

Heotion in county quarry in Belleoille,

Ft. in.
Limestone, hard, dark gray, of eompaet but partly frag-
mental texture, containing fragments of corals and
zome entire fossils JENY R VA TTATY AR SN SR | B
8hale, greenish gray, containing a long, slender form of
Fusnlina and a tuberculated plate of acrinoid_________ 4
Clay, black, carbonaseons, with traces of fossil vegetation. 2

Olay shale, davk, mottled in places with dark purplish-
red blotehes - . B et

Limestone, very soft, fragmental and impure, with loaf-
like soft coneretionz and small nodules of oolitic strue-
ture; contains gastropods and other fossils_______._._.. 1

Limestone, bluish gray, sandy, and soft, rapidly weather-
ing rusty yellow. The layers are not well marked and
range in thickness from 2 to 4 feet, The lower part
contains segregated nodules of purer limestone 2 to 3
inehes in diameter. A fragment of a fish spine was
noted in the lower § inches and gastropods higher up;
fossils rare. ..o ceeccecececaaa e a0 S Lt BT LR |
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Timestone like the second bed above (reported by quarry-
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The upper limestone shown in this section appears in several
places in the bed and banks of a ravine that comes from the
west at this point, and it has been quarried extensively along
the creek. The old quarries are now filled with water. The
rock in these quarries is reported to have had an average
thickness of 5 feet.

In the record of the shaft of the St. Ellen mine, west of
(’Fallon, in that of the old Van Court mine in O’Fallon, and
in the Lumaghi Coal Co.’s test hole No. 2, north of O'Fallon,
more or less sandstone is reported from this part of the section.
Whether this sandstone indicates extreme differences in the
same bed of rock or whether it is caused by an intraformational
unconformity can not be made out from the data at hand.
This horizon is near that of Worthen’s coal No. 7 in the
Peoria quadrangle, and in both the Peoria and the Belleville-
Breese areas there is more or less red shale or red rock at about
this horizon. “Red rock” is reported from the shaft of the
St. Ellen mine 74 feet above the Herrin coal, from the Van
Clourt mine 78 feet above the coal, and from the Lebanon
City Coal Co’s. mine at about the same position.

In four explorations a conglomerate is recorded also at about
this horizon. It is mentioned in the Consolidated Coal Co's.
shaft at Troy, where it lies 50 feet above the Herrin coal, and
in the Van Court shaft in O'Fallon, where it was noted at 80
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feet above the coal; and perhaps it is represented by the “fire
clay with lime bowlders” mentioned from nearly the same
horizon in several of the Lumaghi Coal Co’s. test holes. In the
Aviston and Breese shafts and bore holes a thin coal lies at
the same height above the main coal.  All these materials, the
sandstone, the oxidized red rock, the coal, and especially the
conglomerate, may be regarded as indications of an unconform-
ity. Specimens of what is believed to be this conglomerate
were noted on the dumps of the shafts at Aviston, Breese, and
Trenton, in material that could not have come from a horizon
far above that of the lower limestone in the section. It con-
gisted of well-rounded flat pebbles of limestone, ranging in
diameter from less than an inch to 2 inches, embedded in a
caleareous matrix and resembling what has been described as
“desiceation conglomerate.” !

Alternations of shale, sandy shale, clay, sandstone, and thin
limestones make up the section from 60 to 120 feet above the
Herrin coal. Sandy shale is predominant and is exposed at
many places in the country about Collinsville and Glen
Carbon. The limestones contain such fossils as Composita
sublilita, Chonetes mesolobus, Lophophyllum profundum, Trepo-
spirva spharulata, Patellostivm montfortianum, Leda bellistriata,
and Fuphemus nodicarinalus.

From 100 to 130 feet above the Herrin coal many explora-
tions have penetrated a limestone from 3 to 6 feet thick,
which among some mining men has become known as the “top
limestone.” In the country from Glen Carbon to Belleville it
is usnally encountered in the upper part of the coal shafts
located on the uplands, and, as shown in the loeal deserip-
tions already given, outcrops of such ledges are found in many
places along the watercourses in the Belleville quadrangle.
Whether the limestone outcropping at these places belongs to
the same bed or whether there are several small limestones can
not be definitely determined, owing to insufficient exploration
and to the drift cover. Possibly some of the uppermost lime-
stones already noted in the shafts and borings may not be the
same strata that are seen in some of the creeks. If they are
not identical, they can not, at any rate, be far apart in the
section. They range in thickness from 2 to 6 feet. In the
main they contain abundant organic fragments, and in a few
places some embedded quartz sand. In one place on Ogles
Creek a quartz pebble an inch in diameter was found embedded
in a ledge of pure limestone. In a few places the rock is
brecciated. Tt seems probable that the limestone at this hori-
zon iz to be correlated with the limestone at the Lonsdale
quarry near Peoria. Both contain, locally, in abundance,
a shell which is probably Campoplyllum {orquium, and on the
under surface of the rock at both Belleville and Peoria was
found a long and slender form of Fusulina eylindrica (?), seen
in no other part of the section at either place. The fossil is quite
different from the form of Fusulina found in the roof limestone
over the Herrin coal. In texture also, and in some features of
structure not readily deseribed, the two rocks are alike.

The vertical distance from the “top limestone™ to the Shoal
(reek limestone member in the general section is about 230
feet. Just above the “top limestone” there is some shale,
which at one point in Ogles Creek shows red oxidized blotches.
In some shafts this shale contains a fauna that is profuse in
individuals, especially certain small gastropods.

Above this shale and sharply defined from it lies a typical
coal-measure sandstone about 100 feet thick. This sandstone
may be equivalent to the Merom sandstone of southwestern
Indiana, though it appears to be somewhat older than that bed.
In this part of the Btate it is an important horizon marker,
and in the region southeast of these quadrangles it is suffi-
ciently resistant to erosion to form a ridge along its outcrop.
It is medium coarse, gray to brown, rough to the touch, and
commonly cross-bedded. Tts texture ranges within short dis-
tances from soft and friable to tough and hard, and here and
there it contains imprints of the leaves and stems of plants.
It underlies the drift in the country between Troy, Highland,
and Lebanon, and in this area no doubt, as well as farther
north, outside the quadrangles, it receives a copious supply of
water from the drift. Explorations made in Tps. 3 and 4 N.
show that this sandstone extends from Troy to the eastern
boundary of the Breese quadrangle, and in Helvetia Town-
ship it is a water-bearing rock into which many wells have
been bored. In most of the records of bore holes and shafts
it is reported as sandstone. In some records it is given
partly as sand and partly as shale, and in several localities the
sand seems to have been sufficiently fine to be called sandy
shale or shale. The upper part of this sandstone is generally
nonresistant and is exposed at but few places, having been
extensively removed by erosion where it has not been protected
by an overlying more durable rock.

Above this sandstone is 100 feet of shale that includes a few
thin beds of coal and limestone. One rather persistent bed of
limestone lies near the middle of this shale.

Fossils in fragments of limestone or marly shale derived
from beds between the “top limestone” and the Shoal Creek
limestone member are found on mine domps.

- Shoal Creek lmestone member.—Except at a few localities,
the top of the Pennsylvanian section in the Belleville and
Breese quadrangles consists of the limestone described by
Englemann in the early Illinois reports as the Shoal Creek
limestone.! This rock appears in borings at Highland, Breese,
and Trenton. Not taking into account the thickness reported
in the Trenton boring, which appears doubtful, three measure-
ments reported from deep explorations and ten measurements
made in exposures give an average thickness of 6 feet. In
five places it measures 4 feet; in three it measures 5 feet; in
one place, 6 feet; in one, 7 feet; in one, 9 feet; in one, 10 feet;
and in one, 11 feet.

This limestone is exposed around Trenton and Breese, along
Shoal Creek north from Breese, in the crecks from 2 to 4 miles
west of Highland, and in the tributaries to Sugar Creek com-
ing in from the west between Highland and Trenton.

Near its outerops the Shoal Creek limestone has evidently
undergone extensive erosion and underground leaching. It is
probably most continuous and intact in the east half and the
north half of St. Rose Township, in the north half of Helvetia
Township, and in those parts of Saline and Pocahontas town-
ships that are included in the Breese quadrangle. About the
center of the triangular area included between lines drawn
through Highland, Breese, and Trenton it is probably largely
absent. Well drillers report that it is lacking in about half
the wells in the north third of the quadrangle. This rock,
like other limestones in the coal measures, is mostly compact
and hard, and containg many organic fragments embedded in a
fine caleareous matrix. In Timmermann’s quarry, north of
Breese, it includes in some ledges a considerable admixture of
fine sand. Two features distinguish it from most other Pennsyl-
vanian limestones: (1) It exhibits on fractures, especially those
that follow the bedding planes of the rock, faint bluish-gray
irregular blotches; and (2) after much weathering it separates
into flags from 2 to 3 inches thick. Even the more massive
ledges exhibit faint partings 2 to 3 inches apart.

The Shoal Creek member rests in some places on soft shale
and elsewhere on hard shale. The hard shale is nearly black
(miner’s “slate”) and owing to certain unique markings is
gometimes an aid in identifying the overlying limestone.
These markings consist of white bands, which ean everywhere
be found in about 6 inches of the black shale and which run
with its bedding planes. They are sinuous, half an inch or
less wide, and at intervals they fork and cross. (See fig. 5.)

Fraure 5.—Characteristic focold-like markings in black ghale underlying
Shoal Creek limestone member of MeLeansboro formation.

Strata above the Shoal C'reek limestone member.—Small out-
liers of a still higher limestone lie under the drift in St. Rose
Township between St. Rose and Jamestown. This rock is
separated from the Shoal Creek limestone by a sandy blue
shale, and is almost a breceia of entire and broken fossils. The
layers of this limestone are 3 or 4 feet thick and are the
highest consolidated strata in the quadrangles.

QUATERNARY SYSTEM.

CHARACTER AND THICKNESS OF THE DEFMOSITS.

The surficial deposits of the area, which are generally 40 to
60 feet thick, belong to the Quaternary system. They consist
of till, loess, and terrace deposits of Pleistocene age and allu-
vium of Recent age. All the material has been derived from
consolidated rocks, partly through normal processes of weath-
ering, partly through the grinding and plucking action of
glaciers, and in small part by wear effected by streams. It has
been transported and deposited by ice, wind, and water.

The greatest thickness of the Quaternary deposits found in
any of the wells or mine shafts is 148 feet, which is recorded
in a well sunk on the ridge that runs north and south 3 miles
north of Lebanon, but under the highest point of Shiloh Ridge
the bedrock probably lies 200 feet below the surface. The
surficial material reaches its maximum thickness in the ridges
and in the wide preglacial valleys. Except in postglacial val-
leys it is thinnest on the preglacial uplands. In the low plains
on each side of Silver Creek some excavations show that in places
the thickness of the unconsolidated material exceeds 100 feet
and that the average thickness is about 80 feet. On the
uplands west of Sugar Creek and in St. Rose and Pocahontas
townships the thickness is in many places less than 50 feet.
It appears that in general the surficial material is thicker west

1Hyde, J. E., J-‘L.I?L'I: Jour. Sei., vol. 25, p. 400, 1808,

' Illinois Geol, Sarvey, vol. 8, pp. 148, 159-164, 175, 220, 1868,



of the drift ridges extending from St. Jacob through Lebanon
and past Shiloh. The average of all measurements of the
surficial material in the western part of the area is 61 feet. In
the central part it is 81 feet and in the eastern part 38 feet.
The average of the measurements in the northern part of the
area is about the same as that in the southern part, and the
average of all observations is 56 feet.

PLEISTOUCENE SERIES.

FRE-ILLINOIAN DEFOSITS.

Preglacial (?) sill.—DBelow the glacial till and immediately
overlying the bedrock a bluish silt has been found in several
loealities. It is exposed in the ravine running north near the
center of the SW. ] sec. 33, Caseyville Township, where it is 8
feet thick, shows traces of eross-bedding in the upper part, and
is somewhat indurated. In the lower part it is dark coloved.
The silt also appears in the south bank of Ogles Creek, at the
bend a quarter of a mile west of the center of the east line of
sec. 5 in MeClellen Township, where it is about 8 feet thick
and is traversed by irregular cylindrical masses of yellow
gravel and sand and lentils of glacial till in which are included
some coniferons wood and some pieces of coal. The lower part
of the silt is almost black. What is believed to be preglacial
silt is also reported to occur in Collinsville Township.

Pre-Tllinoian () till—A till that has some of the characteris-
tics of the Nebraskan and Kansan tills found elsewhere in Illinois
and adjacent States is exposed at a few places in the quad-
rangles, as in the south bank of Ogles Creek about a quarter of
a mile east of the center of sec. 3 in (’Fallon Township, in
the south bank of Sugar Creek, sec. 27, Helvetia Township,
and in the east bank of that creek in sec. 18 of the same town-
ship. This material, however, though it differs in appearance
from the overlying Illinoian till, may be a part of that deposit,
for the features that elsewhere characterize the older deposit
may be merely local. These features consist of a cofpar-
atively high percentage of limestone among the smaller peb-
bles, the presence of considerable coniferous wood among
pebbles of coal, and of a dark and in places a greenish color of
the till itself. In a well made on the Lebanon ridge of the
campus of McHenry College a blue tough clay containing
shells was found about 40 feet from the surface and apparently
beneath the Illinoian till. A similar shell bed was found
near the corner of Herald and First South streets, Belleville.

Yarmouth (?) soil—In the McHenry College well an old
black soil containing some sand and blue clay was noted 30 or
40 feet below the surface. “Brush and rocks” were reported
at a depth of 75 feet in an unfinished coal shaft sunk many
years ago on the low plains south of Lebanon. In the shaft
of the east mine at Trenton a buried soil is reported at a depth
of 30 feet, and from the description given by the workmen it
appears to be a distinetly marked soil. It lies near the middle
of the glacial deposits. The data, however, are not regarded
as sufficient to determine the presence of pre-Illinoian glacial
till in the area, much less the exact age of such a till if it is
present.

Pre-Tllinoian loess—In some places the Illinoian till rests
upon material that somewhat closely resembles the overlying
loess, and as a pre-Illinoian loess is known in other parts of
southwestern Illinois it seems probable that this material is
loess that was deposited between the Kansan and Illinoian
stages. The exposures are too few and too poor to form a
basis for a definite conclusion.

ILLINOTAN TILI.

Distribution and character.—With the exception of the
comparatively small areas from which it has been removed by
erosion the Illinoian till is present thronghout both the Belle-
ville and Breese quadrangles. Its upper surface, upon which
the main deposit of loess rests, is for the most part even, the
principal irregularities being in the drift ridges, but as it was
deposited on an uneven surface its thickness is somewhat irreg-
ular. Tt is probably 20 feet thicker on the old uplands of the
Belleville gquadrangle than on the old divides in the Breese
quadrangle, although the altitude of the preglacial uplands
in the western part of the area exceeds that in the eastern
part. The western part of the area is near the bovder of the
Ilinoian drift and appears to lie in a belt of marginal thicken-
ing. The difference, however, is slight and the configura-
tion of the surface gives no indieation of a terminal moraine
parallel to the ice front. The average thickness of the till
is probably not far from 40 feet.

In general the Illinoian drift in this region is a dark bluish-
gray till, which weathers yellowish-gray and in some places
becomes incrusted with iron. It consists of sandy elay con-
taining pebbles and a few bowlders. The clay and sand that
make up the main body of the till were probably derived for
the most part from beds of shale and sandstone that lay farther
north in Illinois and that were more or less deeply weathered
when they were overridden by the glacier. In texture the till
is probably slightly finer than that in the northern part of the
State and the clay matrix is tougher, especially in the lower
and darker part.

Belleville- Broese,

i

The eoarser constituents of the till arve of two sorts, one con-
sisting of pebbles and bowlders of crystalline rock brought
from areas far north and northeast of the quadrangles, the
other of fragments of chert and masses of limestone transported
from regions less remote. The rock fragments appear equally
distributed throughout the till. Bowlders 3 feet in diameter
are rare and not one exceeding 5 feet was found. Among the
larger bowlders such rocks as limestone, dolomite, and sand-
stone, derived from the higher Paleozoic terranes, are more
abundant than in the central and northern parts of the State,
whereas such rocks as granite, eruptive rocks, and quartzite,
which are of Canadian derivation, are probably less abundant
than they are farther north. Igneous rocks have supplied a
larger proportion of the pebbles near the surface than in the
unweatherved parts of the till, partly, at least, because the sedi-
mentary rocks are more easily weathered. Iragments of coal
are fairly common. Below is a table giving the percentages of
the more common rocks among the different sizes of erratics.
It gives the averages of several lots of 100 erraties for each of
the sizes indicated.

Pareentages of different Bindg of roek ameong glacial bowlders of different
sizes in Mlinoian G in the Belleville and Breese guadrangles,

Average diameter of bowlders in inches,
Kind of rock. - ————
9 3 1 3 %

Granite s il o TN g S @0 10| 6 1 H
Diiabase and gabbro. ES 18 T 4 b 4
Greenstone _. : : i} i b [ooaoa]| Trace. | Trace.
Schist ... ... S T B | b 1| Trace.
Quartz_________L..___ iBe: BT @ K Ihen _H|mvseiiing SR 4| 11
LEEE i o, ol Bty gl il |E=== | 5| 19 14 | 22
Quartzite _________.. : = | % 2 1 2 | Trace.
Wholomdbee S 0 TEULED o ST, S abs iy | 1] 10| 10 40 48
Limeatone .. ... .. BSEE T 26 [ 40 | 25 20 11
Sandstone, shale, coal, clay ironstone_____| 17 | 22 a0 10 G

Drift ridges.—The Illinoian till of the drift ridges is similar
to that of the till plain except that it is thicker and contains
considerably more sand and gravel. In a well about a guarter
of a mile southwest of Shiloh coarse yellow sand underlain by
quicksand appears to form the upper part of the ridge till.
A reddish sandy till lies immediately beneath the loess in
many wells, in some of which it is as much as 20 feet thick.
Sand lenses are somewhat common throughout the till of the
drift ridges.

A well 90 feet deep near the northeast corner of sec. 9 in
Shiloh Valley Township shows the general character of the
drift of the ridges. The first 16 feet penetrated was loess.
Below that was 18 feet of pebbly red clay in which no bowlders
were encountered, and beneath that, on one side of the well,
there was a little more than 20 feet of clean fine red sand,
but on the other side of the well there was coarse white sand.
Below that point to the bottom of the well coarse white sand
was found the lowermost 3 feet of which was quicksand. Tt
appears that the plane separating the fine red sand from the
coarse white sand is inclined at a high angle, and the descrip-
tions by the well diggers indicate that the bedding planes in
each body of sand were parallel to this plane. Whether the
beds were deformed by the ice or are only cross-bedded is not

known.
POST-ILLINOIAN LOESS.

Loess is practically continuous over all the uplands. With
the exception of the valley bottoms, their steepegt sides, and
the narrow ravines which have most recently been eut back in
the uplands, it forms a blanket which everywhere overlies the
Illinoian till. Tt reaches its greatest thickness in the northwest

corner of the area, where in some places it is as much as 30 feet.

thick. The average of several measurements in the west tier
of townships is 27 feet. Toward the east it gradually thins,
averaging 20, 18, 11, and 7 feet successively in the several tiers
of townships, this thinning from west to east being most rapid
between Silver and Sugar creeks.

There appear to be three main types of the deposit. One is
characteristic of the uplands nearest the Mississippi bluffs and
is especially extensive in Collinsville and Caseyville townships.
It is uniformly yellowish gray in color and is markedly homo-
geneous in structure and texture. In places it contains shells of
small land snails, such as Suecinea avera and Helicina occulia.
In the eut recently made for the railroad in the west part of
sec. 33, in Caseyville Township, loess of this type forms the
upper part of the section, and loess of another type, which has
a pul‘plif-ﬂl tint, forms the lower part. The two phases are
separated by a layer of indistinetly and irregularly bedded
loess. The total thickness of loess exposed at this place is 22
feet, and at the base there is a sticky gumbo containing a few
cherty pebbles.

The second variety of loess covers most of the uplands that
lie east of the townships mentioned and assumes a multitude of
shades of color and many slight variations of appearance. In
general it is freer from caleareous material than the other loess,
and here and there it contains some ferruginous material. In
some places leaching by surface waters has produced an ashen-

gray subsoil. Below what appears to have been the old level
of the water table before white men came to the country it is
bluish gray, and well markers report that just above this level
it has a mottled yellow and bluish appearance. At a few
places, as in the west bluff of SBugar Creek east of Kalmar
schoolhouse, in Looking (ilass Township, it has a warm red
color, and in places the base of the loess, which rests imme-
diately on the till, has a faint appearance of an old soil, repre-
senting, perhaps, the soil of the Sangamon stage in eastern Iowa.
The best development of this soil was noted in the bottom of
some road ditches about three-fourths of a mile west of High-
land.

The third type of the loess was noted on and near the drift
ridges that have already been deseribed. It iz a trifle more
sandy than the loess of the flat upland, though the difference
in this respect is very small. In places it appears also to be
faintly stratified.

WISCONSIN DREPOSITS.

Along the lower course of Shoal Creek the Recent alluvium
rests upon a different water-laid deposit, the existence of which
iz shown by the broad, low terrace remnants and by the char-
acter of the material found in borings and in a few exposures.
The terrace deposit contains more clay and is better stratified
than the alluvium. A small amount of it appears to underlie
the bottom of Sugar Creek valley near Damiansville and pos-
sibly a similar deposit lies along Silver Creek near the sonth
boundary of the area. These deposits appear to be the some-
what ill-defined upstream ends of a valley filling which was
formed in or very soon after Wisconsin time along the Kas-
kaskia and its tributaries. There is little definite information
concerning the valley filling deposited within the area under
discussion, and indeed it is nowhere extensively exposed, for
the reason that it underlies the lowest and least dissected
parts of the region. Along tributaries of the Kaskaskia the
deposit consists generally of varicolored limy clay and sandy
clay, nearly everywhere finely laminated and in places con-
taining shells of animals that inhabit quiet fresh water.

RECENT SERIES.
ALLUVIUA.

The alluvial deposits that underlie the flood plains of the
streams consist of silt and sand with some gravel. The silt
and finest sand have been derived largely from the loess of the
uplands, and much of the alluvium of this region has the same
texture as that deposit. The thickness of the alluvium gener-
ally exceeds the vertical distance between the bottom lands and
the stream beds. On the borders of the valleys the alluvial
deposits have been more or less augmented by wash from the
hillg, forming a low talus slope and alluvial fans.

STRUCTURE.

In the Belleville and Breese quadrangles the layers of hard
rock are not quite horizontal, having a general slope to the
east of a few feet to the mile. This slope is not regular but is
interrupted by low anticlines, synclines, and terraces and minor
irregularities.

REPRESENTATION OF STRUCTURE.

Methods employed.—Structure is commonly represented in
two ways, by cross sections and by contour lines. Cross sec-
tions are best for a region in which the rocks are sharply folded
and faulted, but for one where the folds are low and there are
few if any faults they are of small value, for in them the struc-
tural features arve almost imperceptible. In such a region
contour lines show the structure more elearly. The structure
contours for the Belleville-Breese region are shown on the
areal-geology maps.

Delineation of structure by confours—For the delineation of
structure by means of contours an easily recognizable reference
stratum is chosen, whose position can be determined at many
points by means of outerops or borings. The altitude and dip
of its surface are determined at as many points as possible, and
points of equal altitude are connected by lines on the map just
as topographic contour lines are drawn. In some places the
altitude of the reference stratum is observed directly in out-
crops, mines, or wells, and in other places it is calculated from
observations on some other recognizable stratum, for generally
the layers of stratified rock are approximately parallel and the
average interval between any two may be determined. Thus,
if a stratum above the reference layer is found its altitude
above sea level at the point of discovery may be determined
and the altitude of the reference stratum or key rock at that
point may be ealeulated by subtracting from the altitude of the
stratum discovered the average distance (or the nearest measured
distance) between the two. If the outerop of a bed below the
reference stratum is found the average distance is added, thus
civing the approximate altitude at which the reference layer
would lie if it were present.

Use of structure contours.—The strueture map is useful not
only for the study of broad structural problems and for con-
veying an abstract knowledge of the structure of the region,
but it is also of practical value for the aid it gives in locating



and recognizing valuable beds and for the data it gives con-
cerning their “lay.” As the strata are approximately paral-
lel and the average spacing of valuable beds is known, it
is not difficult to calenlate from the altitude of the reference
stratum the approximate position of any bed at any point by
adding or subtracting, according as the bed is above or below
the key rock, the average distance between the two as indicated
on the map. The map may be used in this way for locating
coal, limestone, and oil-bearing rocks.

The structure map also serves to show the direction and
amount of dip of the beds, a knowledge of which is most
essential in all mining operations.

Acewracy of structure confours—The accuracy of the strue-
ture contours depends upon three factors—first, the accuracy of
the altitudes obtained direetly; second, the difference between
the actual and the assumed distance to the key rock, as ealeu-
lated: third, the numhber and distribution of the points whose
altitudes have been determined.

In the Belleville and Breese quadrangles the reference stratum
used is the Herrin coal, which is the most extensively worked
coal bed in the avea. It has few natural exposures but has
been penetrated in many mine shafts and borings, and the
altitude of the surface at such places was determined by hand
level and barometer. Bench marks are numerous in this area,
and consequently the hand-level and barometer determina-
tions involved only short horizontal distances and small pos-
sibilities of error.

The second factor is more likely to lead to error because the
strata are not absolutely parallel. However, the distances
between the Herrin coal and other known strata do not gen-
erally range through more than 20 feet.

On account of the scarcity of outcrops and the fact that
artificial excavations are almost the only source of information,
the determined altitudes of recognizable strata are not so
numerous as might be desired, but they are comparatively
evenly distributed, so that any error arising from this factor
is probably not great. The dip of the coal bed in mines also
afforded information for working out the structure. After
allowance is made for all possible error it is believed that the
structure lines are correct within a contour interval, or 50 feet,
and that the average error is not more than 10 or 15 feet.

STRUCTURE OF THE QUADBARNGLES,

In the Belleville and Breese quadrangles, or close to their
boundaries, the altitude of the Herrin coal has been ascertained
at 110 places. Most of the data are derived from mines and
coal tests, but some have been obtained from well borings.
Several determinations are caleulated from outerops of lime-
stones, the distance of which above the coal is known. The
contour lines on the strueture map are based on these figures,
and they show the elevation of the coal in feet above sea
level, being drawn at intervals of 50 feet, vertically.

The dip is most regular along the north side of the area,
where it is nearly uniform. The average dip is a trifle less
than 11 feet to the mile in the northern part of the area, but in
the southern part it amounts to fully 14 feet. The rocks in the
southwest corner of the area lie a little higher than those in
the northwest corner. The general eastward dip is greatest in
a district sonthwest of New Baden, where it exceeds 20 feet to
the mile, and least between New Baden and Germantown,
where it is only a trifle more than 6 feet to the mile,

The general monoclinal structure is affected by some minor
deformations, the most important of which is an anticlinal
fold whose crest extends from a point about a mile east of
Belleville to a point about half a mile west of O'Fallon and
the fold pitches in the same direction. It is a very flat anti-
cline, its average height being not much more than 20 feet,
although it is 4 or 5 miles wide. This anticline causes an
irregular bend in the 400-foot contour line and produces a loop
6 miles long in the 350-foot contour line north of (0'Fallon.
In the 300-foot contour line its effect is still evident but less
marked, perhaps for lack of data. The coal in Caseyville Town-
“ship lies level, having no persistent dip in any direction.

Another local irregularity in the contonrs oceurs at Highland.
If it is correctly identified, the coal lies 30 or 40 feet higher
here than in the surrounding country. It is not. clear whether
this is due to a flexing of the strata or to inequalities in the
surface upon which the coal-forming material was deposited.

Deformations of another class, which are much smaller, are
seen in the mines. They consist of “swamps™ from a few rods
to a mile across, the sides of which have dips ranging up to a
degree. These “swamps” are probably not folds with definite
trend or basins with regular arrangement. They seem to be
more common in the mines near Belleville than elsewhere.

Small faults eut the coal in the New Baden mine and in the
mine west of Trenton. (See figs. 6, 7, and 8.) In the New
Baden mine some faults have been followed for nearly a mile.
On the map of the mine they appear as gently bending lines
trending varionsly from east to almost southeast, and in some
places they branch and elsewhere join again. In the Breese-
Trenton Mining Co.’s mine, west of Trenton, the trend of
the fanlts is from northeast to southwest, (See fig. 6.) The
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downthrow iz to the southeast and measures from 2 to 6 feet.
In the New Baden mine the downthrow has the same range
but is to the north., The hade of the fault planes in both
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Fraurg 6.—Bketeh plan of Breese-Trenton Mining Co."s mine west of Tren-
ton, showing courses of prineipal fanlts and direction and amount of
their throw.

Fiaurg 7.—8ketech plan of Southern Coal & Mining Co.'s mine at New
Baden, showing course of the two principal faults,
Length of plat about 1 mile. Sectlons of coal beds at 1 and £ are shown in figure 8,
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Fiagung 8.—Sections in entry of Southern Coal & Mining Co."s wmine at New
Baden, showing fanlts offsetting the coal beds.
n, Enst rib of entry at polat 1, figare 75 b, point 2, figuee 7.

mines ranges from 40° to 60° and is in the same direction as
the downthrow, so that the faults are of the normal type.
(Fee fig. 8.)

A dislocation related to these faults is exposed in the bottom
of the ereek running through the south half of see. 28, in
(’’Fallon Township. It consists of three east-west fanlt planes,
from 2 to 4 feet apart, with tilted blocks between them. These
faults appear to be the result of a thrust. One block, which
lies between two of the fault planes, has been tilted or rotated
until its bedding planes are nearly parallel with the fault
planes themselves. The whole displacement can not be more
than a few feet. In mines where the dislocations are close
together they may break up the roof of the coal so much as
to interfere with safe mining, but difficulties of this sort have
not yet been encountered in the mines in this area.

GEOLOGIC HISTORY,
IMPERFECTION OF THE RECORD.

Only a small part of the geologic history of the quadrangles
can now be deciphered from rocks exposed at the surface or
encountered in borings. The record of many of the principal
and some of the minor events of the Carboniferous and Quater-
nary periods is preserved and is legible, but the record of pre-
Carboniferous time lies so far below the surface that only the
rocks showing its later part have been reached by drill holes.
That of the periods between the Carboniferous and Quaternary
has been erased, though there is an indistinct record of the
progress of erosion. However, many facts in the history of
the quadrangles may be inferred from the results of studies in
other areas in the general region, for the processes that operated
in the quadrangles affected also an extensive province around
them. Much of the history of the smaller area is therefore
contained in the more complete record of the larger area.

During the Paleozoic era Illinois was intermittently sub-
merged in an epicontinental sea, the shores of which migrated
widely and almost continuonsly, though the rate at which they
shifted varied greatly. Since Paleozoic time the surface of the
State has, so far as known, been continuously above sea level
and has been subjected to the wear of streams.

PALEQZOIC ERA.

EARLY PERIODS.
At the opening of the Paleozoic era the surface of Illinois
had probably been above the sea for a long time and had been

eroded until it was nearly flat. Iarly in the era the region
wag gradually submerged and sandy deposits were laid down

in the encroaching sea. The submergence probably took place
in Middle Cambrian time and lasted at least until the close of
Cambrian time.

~ The sediments deposited during Ordovician time consisted
mainly of ealcium carbonate and perhaps magnesium earbonate
but included some argillaceous or muddy material. Numerous
forms of life inhabited the sea and their remains have been
preserved in the beds. In Silurian time much of what is now
the Mississippi Basin was covered by a clear sea and received
extensive calcareous deposits. During a part of the Devonian
period also caleareous deposits were formed but for some of
the time the water was shallow and muddy and occasionally it
retreated from large parts if not all of the region.

CARBONIFEROUS PERIOI.
MISSISSIPPIAN EPOCH,

The region was a land surface between the deposition of
the Upper Devonian strata and the lowermost Mississippian.
During the Mississippian epoch the Mississippi Valley was
extensively submerged. In Kinderhook time a considerable
quantity of fine sand and clay was carried to the sea by the
streams. At the end of the Kinderhook epoch and during the
Burlington epoch the sea expanded farther and became clearer,
so that the deposits which aceunmulated during that epoch con-
sist largely of limestone. In the Keokuk and Warsaw epochs
conditions varied, both sand and ealeareous mud being depos-
ited. At the close of the Warsaw epoch the sea withdrew to
the southern part of the region. When it next advanced it
was bordered by lands so low that they yielded little sediment.
The waters were therefore clear and the deposit formed pure
limestone, which in some places consists mainly of oolite. The
strata formed at this time are now known as the Spergen lime-
stone. During the succeeding St. Louis epoch the sea grew
deeper and extended at least to central Towa. At the close of
the St. Louis epoch the water withdrew by a series of oscilla-
tions which furnished conditions for the accumulation of oolite
beds similar to the Spergen, containing a sandy member in the
middle part and forming the Ste. Genevieve limestone. After
a considerable interval in which the area was dry land further
warping elevated much of the bordering region but permitted
the sea again to advance as far north as St. Louis. The thick
beds of sandstone, limestone, and shale deposited during this
period of submergence constitute the formations of the Chester
group.

PENNSYLVANIAN EPOCH.

POTTSVILLE EROSION AND DEPOSITION.

For a long period after the Chester submergence the region
was a land area, and during this time the surface became much
dissected. This old surface is now exposed at many places in
Illinois and has been reached by thousands of borings. It is
nowhere smooth and in places it has considerable relief. Slight
warping seems to have preceded the resumption of extensive
deposition. At first sedimentation was restricted to a rather
narrow area in the eastern interior coal field of Illinois and
western Kentucky, and this area slowly enlarged toward the
north and east. Further warping elevated the surrounding
country so that the area of sedimentation gradually advanced
northward and spread eastward and westward. Most of the
sediments laid down at this time were continental sand and
mud, which now make up the Pottsville formation. The sand
was doubtless in part derived from the Chester group, which
formed the western border of this portion of the Pottsville area
of deposition, though sinece much of the sand of the Pottsville
is coarser and more micaceous than any in the Chester, a large
part must have come from elsewhere. The coarseness and the
great volume of the material show that the territory from
which it was derived must have stood considerably above sea
level.

Farly in the Pennsylvanian epoch great temporary peat
marshes began to develop in Illinois and parts of adjacent
States, and some of them persisted for a long time. Now and
then conditions so changed that mud or sand was washed in
upon the peat, sometimes in thin films and at other times in
deposits reaching many feet in thickness. Most of such bodies
of sediment were of lenticular form, but grovps of them so
fit together as to make a stratum of fairly uniform thickness.
In the Pottsville epoch the accumulations of peat were not
s0 extensive as in later epochs, but occasionally local marshes
were here and there developed in which layers of vegetal mate-
rial were accumulated in quantities large enough to form seams
of coal.

CARBONDALE DEFOSITION.

During the deposition of the Carbondale sediments the
region was-at times covered by the sea and received deposits of
mud, both aluminous and caleareous, and of sand, and at other
times the sea was essentially banished for longer or shorter
periods, when the surfice commonly stayed so low and so level
that brackish or fresh water marshes covered large areas, in
which were accumulated beds of vegetal matter that were after-
ward transformed into coal. A large part of the sand may



have been deposited on land, but the limestone and some of
the shale formed during that time contain well-preserved
remains of marine animals, showing conclusively that the rocks
in which they are found were deposited in the sea.

There appear to have been also times of both local and
general emergence and erosion, though the erosion was not
nearly so extensive as that at the beginning of the preceding
Pottsville epoch. Conditions generally were more quiet than
in that epoch. Sand beds, though in some places coarse and
thick, were not so extensive, and clay was the predominant
material laid down. Peat made up a larger part of the
deposits formed in this epoch than in any other.

The time of greatest peat development was at the close of
the Carbondale epoch, when the Herrin coal was formed. The
accumulation of this peat wag interrupted from time to time by
the spreading out of films of sediment and by the development
temporarily of conditions favorable to decomposition, resulting
in the division of the deposit into several layers.

That cerfain areas were more favorable than others for
further development of peat is shown not only by the fact that
the resulting coal is considerably thicker in some places than
in others, but also by the fact that the thickness of each divi-
sion of the coal is greatest where the whole bed is thickest.
Where the coal is thinnest the lowermost division averages 19
per cent of the whole, where it is of medium thickness nearly
25 per cent, and where it is thickest 36 per cent.

MeLEANSBORO DEPOSITION.

Conditions similar to those of the Carbondale epoch con-
tinued throughout MecLeansboro time with the difference that
the proportion of marine sediments was greater and that of
vegetal material was less. Gradual subsidence such as seems
to have affected the region throughout most of Pennsylvanian
time continued, as is proved by the fact that although the rocks
and their fossils show that each layer must have been deposited
near sea level, the layers ageregate many hundreds of feet in
thickness and when the latest were laid down the earliest must
have been far below sea level. On the whole, shallow water
or marshes prevailed, but owing to the fact that the region lay
very near sea level there was much variation in conditions.
At many times the region was flooded by the sea; at others it
rose slightly above sea level.

The accumulation of the material now forming the Herrin
coal was followed by a time during which the greater part of
the peat bed was covered by a fine clayey silt, now hardened
into shale. In interpreting the physical conditions under
which the shale was deposited the significance of its unequal
distribution is not perfectly clear. On the surface of sinking
marshes gentle currents might keep some channels open while
fine silt might be settling in the more quiet water between
them. That such currents existed is shown conclusively
by the nature of the shale in at least two places. One of
these places is in the Breese-Trenton Mining Co.’s mine, in
Breese, where the roof consists of sandy and micaceous silt in
which there are angular and rounded lumps of shale and coal
mingled with kidney-shaped masses of clay ironstone. There
are also imprints of flattened trunks of small trees and frag-
ments of smaller branches and leaves. All these except the
concretions were evidently left on the border of some current
which once flowed over the surface of the peaty deposit that
now forms the coal. In fact, the bed of this current has been
traced for nearly a mile in a number of entries and rooms
of the mine, and it has been found to have a general north-
easterly course. Erosion that was contemporaneous with depo-

o Ts} ; E?Fﬁﬂ

Fraure 8. —Unconformity doe to erosion eontemporaneons with sedimenta-
tion, exposad in the roof shale of the Madison Coal Co."s mine at Glen
Carbon in the north entry, 1,000 feet from the main shaft.

a, “Clod ™ ; b, roof shale ; ¢, conl.
sition is recorded in the Madison Coal Co.’s mine at Glen
Carbon, just outside the Belleville guadrangle, as shown in
figure 9. At a point about 1,000 feet north of the shaft in the
main entry in this mine lies a mass of shale or “clod” 3 feet
thick and30 feet long with its horizontal layers beveled off at
hoth ends. It has the relation of an outlier and is overlain by
shale whose sedimentation planes follow the beveled edges of
the older deposit. In this mine the areas of thick roof shale
are said to run northwestward.

The fact that the thickness of the roof shale, which was
measured at 32 places, seems to have a relation to the thick-
ness of the coal, throws further light on the conditions existing
at the time of its development. The shale ranges in thickness
from a thin film to 46 feet and it is thickest where the coal is
thinnest, but whether this relation is due to erosion immedi-
ately following the deposition of the shale or to irregularities
in the original deposit is not known.

Bolloville-Breesa.,
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POST-CARBONIFEROUS DEFORMATION,

Carboniferous deposition was closed by widespread move-
ments which resulted in the uplift of the Appalachian Moun-
tains on the east and the Ouachita and Ozark mountains on
the southwest and the further uplift of the La Salle anticline
in Illinois. These movements permanently banished the sea
from the region.

The attitude of the rocks of the Belleville and Breese quad-
rangles was not greatly modified by the widespread deformation
at about the close of Carboniferous time. The folds produced
at that time are go broad and low that they are almost indis-
tinguishable from original irregularities of deposition and no
large faults have been found, but the general altitude of the
surfice was probably considerably increased, the district being
raised from approximately sea level to a position a few hun-
dred feet above it. Whether the general eastward dip of the
strata was produced altogether at that time or is in part a
result of subsequent movements is not known.

In some parts of southern Illinois and elsewhere molten
rock was forced from places far down in the earth up to levels
so near the surface that it has since been laid bare by erosion,
but no igneous rock has been found in these quadrangles and
probably no such rock lies within several thousand feet of the
surface in this part of Illinois.

MESOZOIC ERA.

After the elevation and deformation near the close of the
Carboniferons period new processes began to act in the region,
and areas which before had almost continuously received rock
material began to lose it by erosion. Erosion has continued
practically without interruption to the present time, though at
several epochs it has probably been accelerated by uplifts.
There is no reliable evidence of any general subsidence.

Several great uplifts affected the Appalachian Mountains
and the Ozarks and between and during these epochs of uplift
extensive erosion reduced the surface by many hundreds of
feet. Perhaps at each of the epochs of mountain uplift south-
ern Illinois suffered some deformation, but presnmably it was
slight. In each cycle of uplift and long-continued erosion
valleys were carved and the intervening hills were afterward
reduced nearly to a plain, and this process may have been
repeated several times, for each planed surface—the record of
one cycle—was more or less completely destroyed by erosion
during the next. Moreover, all possible stages occur in the
process of reduction, and the less complete the eyele the more
easily is its record destroyed. In southern Illinois the uplifis
were slight and the rocks are almost uniformly soft, so the
records of uplift and erosion are not well preserved. In the
southernmost and northernmost extremities of the State the tops
of certain hills of resistant rock apparently constitute remnants
of two peneplains older than any recorded in the Belleville and
Breese quadrangles; hence another cycle of uplift and erosion
seems to have taken place before the oldest surface in the
quadrangles was formed.

CENOZOIC ERA.
TERTIARY PERIOD.

Development of relief.—If the third cycle of erosion just
referred to took place, it was probably begun by an uplift,
perhaps near the beginning of the Tertiary period. In any
event some time before the close of the Tertiary the surface of
most of Illinois and of much adjacent territory had been
reduced to a nearly level plain, for the surface beneath the
Quaternary deposits iz very even except where narrow valleys
were cut, in-late Tertiary or early Quaternary time.

The surface of hard rock underlying the drift, which is
approximately the same as the surface at the close of the Ter-
tiary, has wide, shallow valleys, which seem to have a relation
to the softer beds of rock, and wide, low table-lands of irregu-
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Fragurg 10.—Outline map of the Belleville and Breese guadrangles showing
the elevation and configuration of the bedrock surface by contour lines,
Figures show elevation in fect above sea level, Contour interval, 80 fect.,

lar outline, which are underlain by harder layers. The old
surface shown in figure 10, sloped from northwest to southeast
at about 2 feet to the mile, being in that respect closely similar
to the present surface. The lowest point at which bedrock
has been encountered in the quadrangles is in the Wiersberger

mine shaft at Lebanon, at an elevation of 345 feet above sea
level. South of the quadrangles the bedrock surface is still
lower and it thus appears probable that at the close of the
Tertiary the gzeneral slope of the surface was, as it is to-day,
southeastward.

The arrangement of drainage lines at the close of the
Tertiary was also similar to that of the present, as would be
supposed in view of the fact that the thickness of the drift
averages only about 60 feet and, except in the drift ridges,
which have had only local influence on stream alignment, is
rather uniform. "The old floor of the valley now occupied by
Silver Creek seems to have been 100 feet below the ancient
highlands on either side. Other preglacial depressions lie
beneath the lower course of Sugar and Shoal creeks. An
ancient upland divide lies west of Silver Creek, extending from
Troy and Edwardsville on the north to Belleville on the south.
[t has a general altitude of 516 feet above sea level and marks
the outerop, beneath the drift, of the limestone known in the
region as the “top limestone,” which stands 125 to 150 feet
above the Herrin coal. Another upland divide in the pre-
glacial topography is capped by the Shoal Creek limestone
and extends southward from Highland to Shoal Creek, in the
northeastern part of the area, and thence southward, dis-
appearing in that direction because of the general dip of the
limestone. In the regions between Breese and Highland and
between Breese and Aviston, Albers, and Germantown few
data are available to show the height of the old land surface,
but the indications are that in most of that country the Shoal
Creek limestone has been cut away and that the general land
erosion preceding the deposition of the drift had extended
below the limestone into the underlying shale to a depth of
probably 50 to 100 feet. Data are also lacking in the region
around upper Silver Creek, in the western part of St. Jacob
and Marine townships and in the eastern part of Jarvis and
Pinoak townships. The absence of outcrops of bedrock in
both these regions indicates that it lies at come distance helow
the present channels of the streams. In one well in the south-
west corner of Bt. Jacob Township bedrock lies 345 feet and
in another 398 feet above sea level. This considerable depth
of the preglacial valley so far north suggests that the valley
extends still farther north and probably lies somewhere near
the west boundary of St. Jacob Township.

QUATERNARY FERIOD.
PLEISTOCENE EPOCH,

At the beginning of the Quaternary period the surface of
the quadrangles, though in general much like the present sur-
fiee, differed from it in one important respect. The configura-
tion of the surface at that time was the result solely of erosion,
whereas that of the present surface is the produet in part of
deposition of drift and in part of subsequent erosion of these
deposits by the present streams.

PRE-ILLINOIAN TIME.

In the early part of the Pleistocene epoch, probably during
Kansan time, an ice sheet formed farther north spread broadly
over the northern interior region, covering part of Illinois and
possibly the Belleville and Breese quadrangles.  After occupy-
ing this region for a considerable period the ice melted away,
leaving in its place a thick mantle of clay, sand, pebbles, and
bowlders, which it had brought down with it.

The melting of the glacier and the accompanying change
of climate were followed by a long interval during which the
elimate probably did not differ greatly from that prevailing in
the region to-day. During this interglacial time, probably the
time known as the Yarmouth stage, the surface of the drift
was covered with vegetation and the glacial deposits were sub-
jected to considerable erosion.

ILLINOIAN TIME.

The next important event was the invasion of the region by
the Illinoian ice sheet, which came from the northeast, origi-
nating in Labrador. As it advanced it gathered up much of
the material left by the Kansan glacier and mixed it with other
débris that had been brought from the north. In some places,
however, it did not greatly disturb the other drift or even the
so0il which had formed upon it, but buried it just as it was.

This glacier reached in southern Illinois the most southern
point attained by any Pleistocene ice sheet and spread over
1,000 square miles south of the thirty-eighth parallel. Tt
covered the Belleville and Breese quadrangles and left npon
them a mantle of gravelly clay in which many kinds of rock
were represented, including coarse-grained igneous rocks which
do not outerop south of Canada along the route traversed by
the ice reaching this area, as well as flint, silicified limestone,
and other rocks from Illinois. Quartz and flint occur in this
deposit in much larger proportion than in the rocks from which
they were derived, partly, no doubt, because these materials
are very resistant to erosion, though some of the pebbles may
have been taken from remnants of Tertiary or Cretaceous
gravel that were so much disintegrated that little remained but
loose pebbles.



The conditions and events that led to the formation of the
drift ridges which cross the Belleville and Breese quadrangles
are not known. This system of ridges is the middle one ot
three which are approximately parallel. The ridges may be
interlobate morainic material deposited between two ice fields,
terminal or recessional moraines marking the west border of an
ice lobe which persisted in southern Illinois after the ice had
retreated from the western part of the State, accumulations
under the ice, or material collected in or on the ice. The facts
that there is no other evidence of ice lobes on either side of the
belt of drift ridges and that no immediate cause is known for
such accumulations beneath the ice seem to militate against the
first three possibilities; whereas the facts that the bedding
planes of the water-laid parts of the drift in the ridges have
been disturbed and that the proportion of rocks from Canada
seems larger than in the drift elsewhere seem to favor the idea
that the bodies of till that form the ridges were gathered
together in or near the top of the ice.

SANGAMON TO PEORIAN TIME.

Upon the surface of the Illinoian till, which with the excep-
tion of the drift ridges was somewhat more smooth than the
preglacial surface, new lines of drainage were developed and in
the flattest parts of the interstream areas organic material from
successive generations of plants aceumulated to such an extent
as to form a carbonaceous soil (the Sangamon soil) which was
in places peaty, particularly in central Illinois whare it is dark
though it is elsewhere reddish or whitish. In the Belleville
and Breese quadrangles this soil seems to be represented in
places at the top of the till, where it appears as a grayish or
reddish layer a foot or less thick. On slopes where erosion
was more active the Sangamon soil was not allowed to accumu-
late and hence in many exposures the upper limit of the till is
not sharply defined, and indeed the till, probably as a result
of creeping and of original scarcity and later solution and
decomposition of pebbles near the top, appears generally to
grade upward into the loess.

After these conditions had continued undisturbed for some
time and the present valleys were fairly well developed the
conditions became favorable for the accumulation of extensive
deposits of silty material, probably dust. This dust, or loess,
was spread over the Sangamon soil and over the leached and
eroded Illinoian till in places where the Sangamon soil was
absent. Later dust deposition diminished and became over-
balanced by erosion, and the ecarving of valleys continued up
to Wisconsin time, when they had reached almost their present
form.

A feature of the loess which appears to have some bearing
on its origin is the fact that its texture and thickness are
noticeably less uniform in the vicinity of the drift ridges,
where on the whole it seems to be thicker and coarser. In the
great drift ridge at Shiloh its thickness increases from 18 to 30
feet in less than 2 miles. On the crest of the ridges north of
Highland it thins out and disappears. Similar variations were
noted in the hills south of Breese. The reason for these pecu-
liarities is not known. Perhaps they have a relation to the
fact that ridges are commonly forested, whereas the flat upland
is ip general a prairie.

The writers believe that the loess in this region was deposited
by the wind. Their opinion is based largely on the facts that
the deposit differs from ordinary water-laid clay in being very
homogeneous and in showing little evidence of stratification,
in containing shells of air-breathing snails, which, though
exceedingly fragile, are commonly unbroken, and in being
thickest on the highest parts of the surface.

WISCONBIN TIME.

Sometime after the deposition of dust had practically ceased
ice of the Wisconsin stage invaded northern and eastern
Illinois and spread southwestward to a position within 65 miles
of the area under discussion. Water overloaded with glacial
débris was discharged westward from the ice, depositing large
quantities of sand and gravel in the valley of Kaskaskia River.
Such deposition may have continued after the ice front receded,
while new valleys were being established on the newly depos-
ited till. Inasmuch, however, as none of the valleys traversing
this area were invaded by the Wisconsin ice, no deposits of
Wisconsin age can be discriminated except a little back-water
sediment laid down by Shoal Creek on low terraces in the
southeast corner of the arvea, on account of conditions on the
Kaskaskia.

RECENT EPMCH.

In the Recent epoch there has been, so far as known, no
change in the altitude of the district. The principal event has
been the removal of part of the material deposited during the
Pleistocene epoch. The streams have been widening their
valleys and forming flood plains.

The effectiveness of postglacial erosion in dissecting the
drift plain differs greatly from place to place. The general
slope of the drift plain being very slight, the headward cutting
of the ravines has in most places been exceedingly slow, owing,
no doubt, to the fact that rain and snow water soak slowly
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into the ground instead of being at once drained away. Thus
the uplands drained by Shoal and Sugar creeks and by the
east tributaries of Silver Creek are much less dissected than
the uplands west of Silver Creek. The west tributaries of
Silver Creek, in Jarvis and O'Fallon townships, have dissected
the uplands in their basins more rapidly on account of the
greater general eastward slope in that area. The difference in
the rate of dissection of the uplands is due in part also to
difference in the gradient of the streams themselves. Thus in
the west part of Collinsville and Caseyville townships the
uplands are much dissected owing to the comparatively rapid
headward cutting of the streams, which flow directly to the
Missis=ippi.

All the streams, whether on the whole building up or cutting
down, have made deposits continuously, and some of these
deposits lie along their banks to-day. Each stream swings back
and forth across its valley depositing on one bank and cutting
on the other. Most of the work is done at times of high water,
when the streams spread over their flood plains, dropping the
finer material where the water is shallower and the coarser
where it is deeper. In consequence the average section of flood-
plain deposit is progressively finer from base to top.

ECONOMIC GEOLOGY.

The mineral resources of the Belleville and Breese quad-
rangles, named in approximate order of importance, are coal,
soils, water, clay, building stone, oil, and gas.

COATL,

The quadrangles lie in the southwestern part of the eastern
interior coal basin. (See fig. 11.) Coal oceurs at several hori-
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Fraurg 11.—Outline map showing the location of the Belleville and Breese
guadrangles (the small rectangles) in the eastern interior coal basin
of Ilinois, Indiana, and Kentneky, represented by the ruled area.

zong in the Carbondale and MeLeanshoro formations, but the
Herrin coal is of much greater value than any other and is the
only one now worked. The coal production of St. Clair
County in 1913 was 4,383,459 short tons.

Coals below the Herrin ecoal (Relleville, or No. 6).—Extensive
explorations have been made for a workable coal below the
Herrin coal, but in the seven borings that give reliable measure-
ments of one or more of the three principal coal beds below the
Herrin none of those beds is anywhere more than 3 feet 7 inches
thick. The maximum thickness was found in the eoal which
lies 40 feet below the Herrin eoal and which, in the Maseoutah
Avenue mine in Belleville and in other borings, is 2 to 6 feet
thick and fairly uniform in charvacter. This coal is regarded
as the probable equivalent of the Springfield coal (No. 5 of
Worthen). Possibly after the more valuable Herrin coal is
nearly worked out this lower coal may be exploited. Two
other coals, the second and third principal beds below the
Herrin, are fairly persistent but thin and irregular. The
lowest coal is partieularly irregular but possibly it may be
profitably worked in some tract in the area.

Herrin coal ( Belleville, or No. 6).—The Herrin coal under-
lies practically all of both quadrangles and except in a few
small tracts appears to be uniform and everywhere workable.
At Highland it is reported as not found in a boring made
many years ago, but its absence must be considered a loeal
pecaliarity, for the coal is found on all sides of Highland.
At Aviston it is too thin for profitable working. Entries were
driven 50 feet north, south, east, and west from the bottom of

the shaft, but in no direction did the coal increase in thickness
from 26 inches. In the light of present knowledge there is
not a section of land in the whole area on which it would seem
out of place to explore for coal, but there are probably small
areas where the coal was either thin when originally laid down
or where it underwent erosion and concomitant small faulting
which reduced and broke up the bed so much as to render min-
ing unprofitable under present economic conditions. The thin
part of the bed will probably be found in an irregular belt
between Highland, Aviston, and Germantown, but this prob-
ability should deter no one from making tests even in that
belt.

Another eondition limiting profitable mining may be found
in the amount of water loecally contained in some of the over-
lying sandstones, for in some places the quantity of such water
is probably large enough to require so much pumping that
mining will be unprofitable.
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FraurE 12, —Detailed sections of the Herrin (Belleville, or No. 6) coal bed.
1, Bummit Coal & Minlng Co.; & Southern Coal & Mining Co., mine No. 8; & Southern Coal &

Mining Co., ming Ko, 8; 4, Glendale mine, alr shaft; 5, Missourl & Dlinols Coal Co,, Reutch-

ler mind 3 6, International Coal & Mining Co., Bannott mine; 7, Lebanon City Conld Co,

The physical character of the Herrin coal, including its
thickness, its roof, its floor, and its subdivisions, is described
under the heading “Stratigraphy™ (p. 5). The following sec-
tions show in greater detail the character of that group of beds
in the Pennsylvanian which is by far the most fully explored
and best known in the area and which for that reason has been
used as a datum horizon in the stratigraphic work. Among
some miners the Herrin coal is known also as the “bench
coal,” owing to the development of seams in its upper part
which make it possible to mine the coal in benches of coal
of different quality. Not only has the coal itself been
extensively explored, but, incidentally to the mining opera-
tions, excavations have been made into the underlying fire clay
and into the roof above, as the nature of these is of much
importance to the miners. In some mines excavations have
been carried 30 feet above the coal and 15 feet below it.
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FiaUurE 13.—Detailed sections of the Herrin (Belleville, or No. §) coal bed.

1, George Widieus mine, Summerfield ; 2, Now Baden mine; §, Breese-Trenton Mining Co., Tren-
ton mine; 4, Trenton Conl Co. ; & Southern Coal & Mining Co., Germantown mine ; & Bouth-
arn Coal & Minkng Co., Germantown mime ] 7, Consolidated Coal Co., Brocse mine,

Fourteen typical sections of the coal and associated beds in
this area are presented in graphic form in figures 12 and 13,
and the details of the sections are as follows:

Heetinn in Swmmit Coal & Mining Co.'s mine, north of Belleville.

Ft. In.
Limestone oo _oollolos T 4
“Miner's slate,” black, wanting in half of the mine;
where present it ranges from 1 inch to 2 feet __________ i}

Herrin coal:
Coal, with bright lusier; upper 4 inches known as
“ blacksmith coal.” transparent in thin splinters,
lustrous dark amber in eolor, and free from impuri-
tieg; in the lower part are a few balls of pyrite;
this bench is from 8 to 20 inches thick____________ 1 2
Parting of clay and pyrite, interrapted. A e
Coal, known as the “%ineh seam,” clean, bright,
free from pyrite, except a few spherical concra-
tions. ... R e = L
Parting of fire clay, interrapted. . ___________. %
Coal, known as the “drift seam,” with two inter-
rupted bands of pyrite, one-eighth and one-half
inch thiek, and with scattered pockets and streaks
of mineral chareoal. .. ..o oo emee—am 10



Ft,

im.

8

2

10¢

in.
3

4
fi

10

‘oal, known as *“ block ecoal” breaking into larger
blocks than the other benches ____________________ 1
Clay parting, known in the Illinois coal field as the
lbne bamd o ¥ S S R Y S
Coal, duller in luster than the coal uhmrn, knuwn ns
tIle “bottom ecoal,” with some pyrite and some
mineral chareoal (' smut™) in partings.__________ 1
A e N T ST R
12
Seetion in Southern Coal Co.'s mine No. 6, at Relleville.
Ft.
1B el o e Tl el ey el SEOE F ss TE WS R S
Bhale, absent over half the wmine, greatest thickness b
feet, in clongated patches, 50 to 200 feet wide, with
greatest length extending from west tocast___ 2
Herrin coal ;
Coal ___ ... A Ther e Tan v Lo g rt ke Ry
Clay seam, "h!ua bumi R s e e 2 e e
(CORIEE Seh L SPag, (TR T ceaeile T e MiE b RS e R L el
L i ] o e OO R il INNERERACS S e 0 i U N 1
12
Section in Southern Coal Mindng Co.'s mine No. & at Shiloh,
Ft.
Limestone . ____ ___ E - Lo LR AR i
Bhale, ahs&nt in r.lmn}' |j|u{:m-1 nﬂwlmra maorea thau &
feet thick _________ E o e o g i o A i
Coal (Herrin), from & tcr i ]'eet Lhmk---.--------.----._-- i
EHEATEEATES - S etriot i PSR S e P R 2
11
Seclion in afr shaft of Glendale mine, af Bellerille.
Ft.
Bhals. . o S - . - ST . PRI |
Coal, impure ____________ d
Bl oy s L, L ST SATEEELLE. | I REEON 4
Tdpestome: Sedts - o ot TGl e T R B
Herrin eoal :
Choal-: 5 CRRRECer fie T T o e e ST 5]
Clay seam, ** blue band " £
(0013 |t e i von s ey 700 Subat i ok L it 1
e AT, = o el B i i B 2
16

Section in International Coal & Mindng Co.'s Bennelf mine, east of O Fallon.

113

Fi i,
Shale, hardest next to the coal, softer higher up ________ 13
Herrin coal :
{8 R e et ST R ik} Fioed S Lo ot nU A LRI UL 9
[= L TN | v ) e T s L L L ]
CIORIFEITEL gl d e L IRl PR, R ] 2 9
B T T S S S A S 2
(OGN SR SRR R S ] e
EEre Al Ayt We £ 50 00 Mie 8L L e T 2
EHRTATN AP WSS ST R 2 ey B e 1
2 1
Section in Lebanon City Coal Co.'s mine, at Lebanon.
Ft. I
21T Tl Rt T L 3 e B o TRRTTTY B EIRETAR T SRR Al TR L)
Bhale, in alternate thin black and gray layers__________ 1
Shale, black, containing some impressions of leaves, a
Digcina, and Leada tricarinat@_ oo e 4
Herrin coal:
ORI PImp . Rt S ARECIRR S S [
BTt 1 e o s e SRS S I TR 5 el i 3
Clay parting, “blua band™. . ... ..o oo 1
Fire clay, passing into shale below_ . __......_..____ 2
28 2

Section in George Widicus's mine, al Summerfield (ehandoned).

Ft,
e L LT e e . 411
Herrin eoal:

Coal with bright luster, known as *“ blacksmith eoal ™

(ol [ S Sl T ™ o L ST SN P (RO, [

Partings of impure coal with sowe pyrite, discon-
el Lo R Sl SO NS KEVTL LT \_\ ______

Peacelaw. - S - e R c i e ool
1#-
Section in Newn Baden mine, af New Raden.
Fi.
Limestone, in which wers noted Fusuling cylindrica,
Productus fongispinus, and a Seminula. ... __ 4
Bhale, containing Diseina; lentiewlar . _____ . __________
Herrin coal:

Coal, with several thin, flat, smooth partings in the
upper 2 feet of the bed, 4 to 9 inches apart.
These partings contain a powdery graphitic min-
eral chareoal which is greasy to the toneh_________ &

O]t e e, TORTS BTN YT SRRl (R L e S TRPES L S

B R e T R R e G R 1

I FATaLa Rl s Al it £t e gt Tl Tl sl b a
DU T T o i o L b, s i B o s o gl t
14

im,

4
+

in.

[

e

Section fn West mine of Breese-Trenton Mining Co., at Trenton.

Ft.
I E AL (T e o e o 4
Shale, black, stiff, with some impressions of fern leaves
and other vegetation: also Leaia tricaorinata, DHeeine
#itide, the latter abundant, also minute denticles of
nnknown relationship. ... oo e e
Herrin coal:
Coal, pure, known as “top ecoal™ __________________
Shale, black, and coal, in alternate thin layvers, |‘run1
10 to 15 in o thickness of 1 millimeter, and with
some layers of coal aboont one-tenth millimeter
thiek; in some geams werse noted faint impressions
] Y T B ST e R N T MR S
Coal, brightlaater e cie.. ooe oot vy o o0 0
Coal, less bright lnster_ _________ . ._..... Bieraso ]
ey Thlmetamd i s e e i
L8 7 (SR TE PR, BE T B A A L L DO S MY LY O T ER
Flrﬂnlay_...__.__.__.__.__.___. e SR A o T
Shale with irregular ummretlo:na, or lumps. of gray
limestone containing n species usually identified as
Husulina eylindrices and Myalinasp.__. ... .________ B
20

10

13
11

it

Belleville-Broese,

11

Seetion in South Rutledge & Tayplor (South) mine of Trenton Coal Co., at

Trenfon.
Ft. im,
Bhnlefgrayss-y  crrmat R e T A RRRT Anart oL S
Shale, black with Leada fricarinala. oo oee ceeecacaan. 1
Herrin coal :
e o e e e i
Bhale, black, with T.hm nlter:mt:& layers of eoal____. 6
Coal with thin seams of mineral ehaveoal __________. 2 §
Coal with somewhat distant joints; known as
a1 Hi 1 AL R e S e Lk S O g3 T AL L TR e 1L
Clay, * blue band ™ . 1
Coal o (2 B T L R [
o by [ e RS o T o i sl i 2
Marly elay and lnmps of lmestone AP o Lo 5
44 2

Limestone, dark, containing Fusaling. ..oceeeeeeveon. 2
Bhale, gray, with large concretions and with small flat
bands of light-gray eolor; eontaining a few specimens
gl T i il sl s 3 e Lk R 2
Herrin eoal:
Coal with bright loster___________ . oeeoo... 1 8
Parting with mineral charcoal, ** sooty.”
Coal of somewhat dull loster, with two half-inch
seams of impore coal . oo e b
Parting of dark shale, with some pyrite._____. ; 1
LN | e S it Sl oiciain < My et AL b Rl 3
Clay. interrapted . o soooa bo oo s il L i b
Coal, known in this mine as *“ bench coal .. 1
L 1 dn e o e el 5 o it ooy .- et TR o e 2
i1 E R TS AT i R
Bhale, black, with thin layers ul‘ (i) IR S RPN e ST G
iy Tt By Rt T SO e S RN TR, R
(0135 o g iU A i o 0 Ml 1 Ll S
Fire clay, gray .- cveew.

Section af foce of north entry of Germanfowon mine, al Germantown, in
August, 15007,

Ft. in.
[ 2] T Pt S N A NS S TV, (VB RLINT o PR S P
Herrin coal:
oal, with several thin partings abont 4 inehes apart 4 38
Clay parting {bhm l:-nmi?} ..................... fid.at 1
Coal ____.

e I 8

Nork.—Not far fromn this point an exploration was onee made extending
§ feet below the coal. The first 7 feet iz reported as consisting of gray
elay with some thin streaks of coal, and below this was a eoal 2 feet thick,
The floor is variable in this mine, but the upper part of the fire elay com-
monly containg some laminmg of eonal.

Seclion {n room 1§, sonth gide of mine of Consolidoted Coal Co. al Bresge.

Ft. in.
Limestone, gray, with a Fusulina usually identified as
8 T o RS e e e S O b il S |
Bhale, black, with Digcina nildda. . oo oon e cvcea__. &
Herrin eoal:

Coal, known asg “top coal,” pure and bright, with

two persistent straight seams of mineral charcoal,

or * snut,” eonsisting of a fine powder of graphitie

1) 3 0 Nt e R St WRNLTNEN SN B T Ll EIC W
Coal with ecomparatively distant joints, * block

eonl,” with thin pyritiferons seams from 24 to 4

inches apart and from one-eighth to one-half ineh

L 3] S N S L e S 2
Coal with comparatively distant joints free frmn
pasaneof pyrbbe .0 oo el 2
Parting of compaet pyrite, with some clay, {!ch,:ru
tinuons EEAE D - S S i e T M il 1
LB L o e e Al S b Bert s ST E SR Ll S e s 24
Clay seam, “hloe band ™. .2 ceeeeceessnncsssnssasanns 13
Coal, with some nir&akanf Py rlta_. Ao e et AR E
b e ] PR e i P g e e el it e e el P b D |
13 104

The coals mined in the Belleville and Breese quadrangles are
well known to the trade, and rank among the best coals of the
State.

Chemical eharacter.—The chemical character of the coal, like
the physical character, differs greatly from place to place,
though all the coal comes from the same bed. In the follow-
ing tables the analyses of coal “as received” must represent
approximately the actual commercial product of the area,
though there is doubtless some difference as regards moisture
and ash. Certain variations in the analyses seem related to
differences in the roof materials. About one-third of the
mines have a shale roof; the others are overlain by a hard
limestone, which lies a few inches or a few feet above the coal.
The moisture in coal “as received” from the mines having a
shale roof generally runs higher and the heat value lower
than in coals having a limestone roof, though some exceptions
to this rule have been noted. The heating value of the samples
of coal taken beneath the shale roof, as shown by its content
of ash, moisture, and sulphur, averages 14,275 British thermal
units per pound; whereas the heating value of the other sam-
ples averages 14,570 British thermal units per pound, and this
general difference in heating value has no exception, although
the canse of the difference has not yet been satisfactorily
explained.

The chemical composition of the Herrin coal in this region
is illustrated by the accompanying tables of analyses, most
of which give the determined classified values. The character
of the beds at the points at which the samples were taken
by the United States (eological Survey is described in
Bureau of Mines Bulletin 22, The analyses contained in
the first table were made in the laboratory of the United
States Geological Survey, where, also, ultimate analyses were
made of several of the samples, as shown in the table. The

analyses contained in the second table were made under the

direction of Prof. 8. W. Parr, in the laboratories of the Uni-

versity of Illinois.

Analyses of samples of the Herrin eoal (Relleville, or No. 8) including
determinations of the wltimate fuel constituents.

[Analyzed in the laboratory of the United States Geologieal Survey.]

— — e — .
E 5 iE Proximate, I Ulthmate. Heating value,
=, =
2| Tf | :
& | =9= | 26 Vola- | Fixed Hy- Hi- British
= = B s :
a L Eﬂ :{f;.l:' tila | car- | Ash, Di'ﬂr dra- m tro- 3:5 ﬁ': tlyerroal
E] = a8 * |matter,| oo, | pen. * | gen a units,
| = = |
sasd (1001 | A {1348 2502 | saer| oo |ems || | _____ | |eme| 108
B....| & 86,73 | 40.80 | 10.21 | .78 || o mmm ] -] mees] 8,730 | 12,188
|| 2814 | 5028 | 1080 | B87 | | 70D | 22,084
) o ) (R KT S R R R (I . T8 | MR
cass | 9.6 | A____| 1278 | 23,85 | 44.82 | 0.00 | 360 | Wik [l | PEET i i e 0
B | %96 sem0 | 4008 | 1002 |80 | | | N T
L1 j o820 | 60T 1100 | 408 |eeeea. B | Sl el
I S R T PE— NP (N (P (e | S [l ) I
gime | T | A 10144 | ERGE | E02 ) 10.71 | 484 n.eﬂ_iuu.uu 1.0 | 17,68 | 0,068 10,158
B | R8G5 | 4749 | 10,567 | 638 | 404 | G480 | 1,10 | 12,20 | 6,570 11,885
(4] oo BB | 40060 | 12.00 | 5,58 | 4.06 | 67.82 | 1,156 | B.T1 | 6,574 12,873
| Do || .58 | B2 || 6,35 | 620 | 77016 | 181 | 0,00 | 7,820 | 14,006
s | BT | A 1,64 | 85.41 | 44.20 | B.60 | 840 [omenooo RN IR 6,272 | 11,20
| B 580 | 57,06 (4r.47 | 0.8 (@68 || |-—eee — - N R
e _—= TR R N R I S— —— 7.008 | 12,778
1% N e | 668 | e ] |rem| 14188
sar | T | A 12,15 | 35,00 | 4207 | 998 | 4000 fooeees o S ol MRTAE] DO ol
B i | BEGE | RG] 20,08 | B e bl [ o] e
| e .50 | .00 | 1058|488 | | EERRETE] MERTS M )
| D .| 45.31 | 6000 |______ 5.ml ______ Sl ] [ el L
| 1
coon | 5.0 | A 10,55 | 84062 | $0.63 | 15.40 | 4.70 | 541 | 57.56 | 1.0G | 18.02 | 5,053 | 10,758
B B0 | 88.70 | 4818 [ 1424 | 500 | 5.05 | 80,08 | 1.12 | 13,67 | 6,537 | 11,407
(o ] | 5 8005 | 4588 | 15,12 | 5.87 | 488 | 64,70 | 1,18 | 8,95 | 6.7 | 12,000
1 T | AB.00 | Be00 |_______|0.88 | 551 | 8.8 | 1.40 | 10,858 | 7. 14,908
i3l | 82| A __ | 16.00 | 5100 | 45.49 | T42| 88| __ e e EHE | 11,1W
| p____|12es| 8202|4808 | o7 | .88 (.. N [y B e G400 | 11,520
O] 3051 | BT st.wi {3 iy llieelel b et ) | 18,188
Do | 40.01 | 5099 ae] v b el e ] Ve e Pt T | 14,880
182 | 5.0 A 142 | 8318 | 4459 | 881 | 188 |- oon|ooee clne ol Mo S ) 5 v
B 1,77 | 80,18 [ 8507 | 0.08 | 187 || —— s o ) P
(] |t | #r.60 | 62101 | 10020 | 178 |oeee| oo gl 1 ol e
ORI S (R I - ) - A I S AT [N N
T | 1.7 | A | 1201 | #1500 | 4558 ! 1104 | 1.%2 | 5,48 | 6074 | 115 | 10.7% | 6,008 [ ]
B | 11,40 | 2245 | 4480 | 1085 | 1,84 | 5,83 61.79 | 117 | 18.52 | 6,100 10, 91
o || e 0.0 | 18,97 | 188 | 4.50 | 00.74 | 152 | 0.40 6.0 [ 12,408
D__ 4288 | 6r.TR || .75 | 6,80 | 80.50 | 1.5 | 10,08 | 7.5 14,519
770 [ 0.5 | A | 15.28 | 0.2 | 4432 | 0.08 6,086 [ 10,000
B___| 6.28| @ | 4062 | 10,00 8,76 | 12,181
i il R 37,06 | 62,20 | 10,05 Ceil | T4 | 12,550
Do |ooaa| 41,48 | BE.62 | ... 0 e S | o T.008 14, 3
g7l | 18.3 | & 170 | = | aes | om0 || Sty | et ER hA ]
B 518 | 83,90 | 4888 | 19.79 [ 1.62 ' M| L | B L S
o U S 85,00 | 51.50 | 1348 1.mi L] T L) [T PRl Y
1 3 S (SRl 40,47 | 5058 ] 197 | kel | S| LA o)
B 1004 | A 15.54 | 3185 | 42.27 | 1058 1.:135 550 | 680 | 1,00 | 2200 | 6887 [ 10,507
B 5.7 | B4.B0 | 47T | 1990 | 154 | 404 | 6476 | 1,22 | 0584 | 6604 | 10.TES
e BT.OL | B0U0G | 12,94 | 108 | 4.57 | 68,68 | 1,20 | 10.88 | 6,010 | 12,988
o o] M 42,561 | 5740 | 1.88 | 625 | 7R.01 | 1.48 | 12,48 [ 7.088 | 14,088
o | B2 A 15.80 | 80,50 | .00 | 00,70 | 1,48 |oomee o[ e 7] fot Rl
B. s B I T ) A S R M SO
. BO.1% | B1LEd | 1E.e4 | 1000 (. b fo e PIN0IEN Ml 0] [0 S
| I 41.85 | B8.65 [ _____ 108 [ o ) I E— ===~
i 1
10550 | 12,5 | A | 17.0% | 80.00 | 2550 (1670 | 8.90 | 5.50 | BOLTT |oeees|-—mee 5077 | 8,819
B. 6,16 | S4.08 | 40.67 | 10,10 | 5.70 | 4.80 | BR.O2 | |oeeeee 5.7 10,651
s 5088 | 42,80 | 20.9% | 5.9 | 4.55 | 00,18 | — ] 11,280
Ih R R R E— 70821 | 14,008
26806 | 11.2 [ A 1060 | 52,65 [ #9.79 | 14.58 | 4.85 | 5.95 | 5604 | .E9 | 19.04 | G002 | 10,362
B____| 06| 3657|4481 (16,80 | 4.90 | 4,52 | 6200 | 1.00 | 10.23 | 0,570 1,47
O loeeo] #7.51 | 4578 | 20,71 | 5,00 | 4,87 | 0482 | 1.02 | 858 | 0510 | 11,718
D || 4507 | 5403 6o | boes | Tre | 1,28 | 10098 | T80 | 14080
;0 | 8.3 .a____fw_:'a .60 | 40.41 | 9.926 | 492 | oo SIS (SN ME———
B | sos| a2 |ams| oas|aee| || RSN (BTSN SR
e el A 4.3 | 45,27 | 10.87 | 482 oo )| o IR e | IR
i i 40,49 | 50,51 || 508 || A0 ] e | 2
wg | 2.9 | A | 9.89 | 42,9 | 87.05 | 1081 | &6 | ] e | 11,439
Bo.| 7.88 | 4321 | 8780 | 1008 | 802 || . 1 | G498 | 11,006
o o] ol 45,00 | 4112 | 11,99 | 4.28 | SR 12, 504
et A TR I I N U Y I (N I' _______ 8,018 | 14,428
a3t | BT | A |19 | 8570 | ®0.42 | 1810 [ 4.98 | 540 | 8705 | 00 | 18.88 | 5944 | 10,000
B...| s8] 80,10 | 48,18 | 14.45 | 4.80 | 4.02 | e2.80 [ 1,08 | 1220 | 6,500 | 11,TIE
o - | 4048 | s0.08 | 1404 | 400 | 470 [ 6472 | Loa | .01 | 6.7 12,116
|mesi ee]| dATEZ | EBDS|.._. 5,83 | 554 | TE.08 | 1.25 | 11.80 | 7,008 | 14,248
|

A t-]ullmh_, as received; B, air dried; ¢, moisture free; D), moisture and
asgh free, O and I are ealenlated from A and B,

Clinton Conuntiy.

2854, New Baden; Sonthern No. § mine; 400 feet northwest of shaft,
north entry 1 off west entry 1, V-foot fif-inch ent.

2855, New Baden: Southern No. 0 mine; 600 fest northeast of shaft,
room 4, east entry 1 off north entry 1, 6-foot 75-inch eat.

2072, New Baden; Southern No. 8 mine; lomp, over 5}-inch bar sereen.

2856,  Germantown, half mile east of ; Southern No. 10 mine; 2,100 feet
north of shaft, back north entry, 4-foot 7§-inch ent.

2857, Germantown, half mile east of ; Sonthern No. 10 mine; 2,200 feet
northwest of shaft, west entry 6, 4-foot 5i-inch cut.

2091. Germantown, half mile east of; Sonthern No. 10 mine;: lomp,
over 1}-inch sereen.

Madizson County.

1841, Troy, 1 mile west of; No. & mine; room 15 off west entry 5, north
side of shaft, 5-foot 2.inch eut.

12342, Trov. 1 mile west of; No. 8 mine; room 16 off east entry 5, south
gide of shaft, 5-foot 1-inch cat.

1417, Troy, 1 mile west of; No. 8 mine; lump, over 2-inch screen; ear
saimple.

2770, Troy: No. 3 mine; 1,500 feet southeast of shaft, room 22 off cast
entry 5, south side, 4-foot §-inch eut.

2771, Troy: No. 3 mine; 800 feet northwest of shaft, room 26 off west
entry 3, north side, 5-foot 3-inch eut.

2852, Troy; No. 8 mine; lamp, over 2}-inch sereen, sample 1; ecar
sample.

2030, Troy:; No. 8 mine: Inmp, over 2}-inch screen, sample 2; ear
saanple.

1556, Collinsville; No. 1 mine, No. 5 washed conl; car sample.

2606, Maryvwville; No. 2 mine: nut, pea, and slack, throngh 2-ineh sereen;
car saniple.

8t Cladr Couwnty.

3010, Shiloh; Southern No. 8 mine; 000 feet southwest of shaft, cfoss-
cut off west entry 1, south side, 6-foot 71-inch cut.

4812, BShiloh; Sonthern No. 8 mine; 500 feet northeast of shaft, east
entry 8, 5-foot 5f-inch eut.

4864. Shiloh; Southern No. 8 mine; nut coal, throngh 3-inch and over
2.inch shaking screen; car sample.



Proximate analyses of foce samples of Herrin coal (Bellewville, or No. 6)
Sfrom Belleville and Brecse quadrangles.

[Made under the directlon of Prof. 5, W, Parr for the Ilinols State Geologieal Suevey.]

e F £ Volatile | Fixed British
L Ormm 4 3
tﬁrf analysis, Molsturs, | e aartandl Ash, Bulphur. tl&:ml
oo A - i 10,57 #8508 41.62 0.5 | 4.27 11,400
Ergauls : 591 40,95 5. 9.65 4.2 12,088
M) i - 4370 46,76 10,47 480 12,815
| A o 11.58 .42 44,25 9,50 8.4 11,102
[ s . 4,08 87,44 48,14 10,84 3,80 18, 148
i . JE ' cal” .08 50,19 10,78 5,00 12,050
1090 | AL - 12,56 .08 30,62 11,54 5. 06 10,072
| B .08 ga.82 | 49,05 12,05 4.8 11,750
C. | O 40,05 45,40 18,58 4,562 12,240
17 | A 15,10 #1.7D 48,57 9,45 1,89 1, M
B 4.00 a0 40,50 10,70 1.08 12,067
R % P B W S i 8 7. B0 51,85 11.15 1,065 12,509
1 | A . 1.41 T 40,21 1411 2.5 0,916
B | 84,41 .00 45,560 16,00 &, 6 11,248
( . 47.20 16,5 2,59 11, 9
A 111 s i | 10,55 8.5 11,087
e . 0,18 e Lo 11.12 867 11,478
o o | o e 1228 4.5 12, 604
|
o 1 B R 12,0 | [ (e T 8,50 .48 11,505
B . 0.8 | e Tk £.70 | 502 11,770
| P TR = e 0.09 | 8.53 12,0652
i B .
(o] B B el 0.7 &% 5.7 14.20 | 4.2 11,011
1| PR . 519 20.97 41,54 15,80 4.1 11,513
Q. : i | 4120 42,01 1580 470 12,203
0| A PR 10.18 ETR - 40,89 1458 4.5 140, 5o
 Jft i 3.75 | 0.8 | 45,52 15, 60 4.8 11,854
[ | mw| o= 18,21 5.01 1,7
0| A - 9.4 40, 5 30,50 10.17 8.0 11,528
B 4.8 40,58 | 41,81 10,60 18| 12,110
0 : 4506 8,72 11.88 4,87 | 12,78
s | A : 10,06 &0, () 50,78 1192 577 11,811
n S - %) 41,07 41,84 11,88 g.ov 11,018
4 o 4553 .17 12.47 4.1 12,087
1 | A 18.75 o0, 0% 45, 5 10, &0 1.84 10, R
B : .60 5243 10,27 11,70 1.0 11, B2
1 O i E—— LT 52,75 1. 58 218 12,4306
10oR | A | 19,15 1,18 4.0 11,60 .50 10, 74
v gl o 587 T 4708 | 12.71 8.18 11, ik
Q. e LR S a5 & 50,50 | 18,48 3,53 12,200
nm | A P 15.01 7.5 ar.4% | 0.88 2.9 10, 055
B. St 2.5 435 45,45 10,81 4,58 12,400
C. e e 4= 4.5 11407 4.70 12, T8
s | AL T 11.11 8,00 4022 10,67 4,80 11,191
B 2,89 41,78 T 11.72 461 12,20
C. | 43,78 45.25 12.00 4.78 12,587
B. | [ 8" 10,51 3.9 11,580
0. BB [ i et 11.21 4.95 12, 621
26E2 | A 04| @ 40,55 1160 | 4.2 11,060
E 6.0 | . 12,530 12,16 | 441 11,505
|
0. -| 42,00 45,06 1205 | 4.70 12,348
2683 | A nas| s .58 nas| .| 1000
B T4 | 8012 41,50 11.88 | i47 11,741
C. = 42,18 45,08 12.50 | 4.81 | 12,852
| | |
=8 | A 10,62 | .58 .5 11.17 | 48] 10,92
B l 642 |  dL7O 40,12 1.70 | 52| 11,48
. AN 2.8 |  ba| 138
1me | & | 14.18 | 21,78 42,2 11.72 | sar| 10,3
B. | 1.2 | 85,48 47.21 18.07 | .00 | 11,5M
c | 7.0 0.5 18.05 .81 12,114
| I

A, Bample as received; B, air dried; ﬂ, moistura frea.

Samples 808, 1175, 1176, 1177, and 1178 from Clinton County; samples 728,
724, 901, 992, 093, 005, 1001, 1002, 1129, 1180, 1650, 2633, 2633, and 4386 from St
Clair Connty; sample 1118 from Madison County.

Most of thecoal from the quadrangles is used for miscellaneous
heating and for making steam. For such use this coal is not
inherently so valuable as that of the first coals of the Appalach-
ian field, owing to its relatively high content of oxygen,
sulphur, ash, and moisture, but in spite of these facts it has a
high average value, being as good as most of the coal in the
eastern interior and western interior basins. It is essentially a
noncoking coal, as attempts to produce a good blast-furnace
coke from it have not been suceessful. Steaming and coking
tests were made of coal from these quadrangles at the fuel-
testing plant of the United States Geological Survey at St.
Louis and the results published.?

Successful briquetting and gas-producer tests * of this coal
were made at St. Louis, which show that it is also well adapted
to use in gas producers and for briquetting, and that, with the
development of these industries, the demand for the coal should
increase.

OIL AND GAS.

Several deep borings have been made in the quadrangles in
search of oil and gas. The first, made by the Belleville
Natural Gas Co. in 1899, 2 miles north of the city square in
Belleville, reached a depth of 1,500 feet. Later in the same
year the Highland Prospecting Co. sunk a well to a depth of
1,089 feet at Highland. In 1907 two borings were made for
oil near the village of Aviston, one near Bugar Creek, 11 miles
southwest of the village, the other 2 miles south of it. Con-
cerning the well last mentioned no data are at hand. In the
other a caleareous sandstone 940 feet below the surface emitted
a bituminous odor. The same year the Trenton Oil & Gas
Co. began a deep boring for oil 2 miles north of Trenton,
which was deepened to 2,000 feet the following year. This
well is the deepest yet bored in the quadrangles. At a depth
of 1,320 to 1,340 feet a sandstone containing considerable cal-
careous material was penetrated, which gave a strong bitumi-

17, 8. Geol."SBurvey Bulls. 200, 332, 447, and Prof. Paper 48; Burean of
Mines Buall. 23.

21178, Geol. Survey Balls. 200, 232,447, and Prof. Paper 45; Burean of
Mines Bulls. 13, 24, and 58.
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nous odor when heated in a closed tube. The oil show in
these two wells was found in the upper part of the Mississip-
pian series, in rock which is approximately equivalent to that

producing oil in the eastern part of the State. Near Aviston

several wells about 1,000 feet deep were sunk in 1912, but oil
in paying quantities was not found,

Althongh all these tests proved failures, there is one well
in the Belleville quadrangle that is reported to have actually
produced some oil, and one just outside the southern boundary
that now yields a small quantity of oil. The well within the
quadrangles is No. 27 of the Belleville Deep Well Water Co.
According to the superintendent of the company, this well at
one time yielded nearly a barrel of oil a day, which is the more
significant in view of the fact that Belleville is on the axis of
a small anticline that extends northward beyond O'Fallon,
where it is even more sharply marked than farther south. The
well outside the quadrangles is the deep well at Mascoutah,
which during the last few years has produced more than a
gallon of oil a day. The oil comes in drops in the strong
flow of salt water which the well yields and is caught in a trap
and used for lubricating the machinery of the mill. The fact
that the well was originally cased to a depih of about 800 feet
and that it has shown oil only during the last few years, since the
casing has become leaky, seems to indicate that the oil, like
that in Belleville, comes from the upper part of the Mississip-
pian rocks. The significant structural feature with which the
oil is associated is the upper part of a steep slope in the general
easterly dip.

CLAY AND SHALE.

Clay and shale suitable for the manufacture of common
brick and tile oceur throughout the guadrangles, different
varieties being found in different geologic formations. The
shale, however, is for the most part deeply buried and probably
it is not valuable enough to warrant the unusual expense of
obtaining it.

The Carboniferous rocks of the area contain some clay, one
bed of which, although deeply covered, appears in some places
to be valuable enough for underground working. It lies near
the contact between the Pennsylvanian and Mississippian series
and is probably of Pottsville age. It is worked by the
Hydraulic Pressed Brick Co., on Canteen Creek about halt a
mile east of Collinsville. An overlying coal bed is used for
the roof in the entries from which the eclay is taken. The
excellent quality of the pressed brick made is presumably
due partly to a more or less local leaching of the clay before
the overlying coal was formed. The thickness of the clay
ranges from 10 to 16 feet. In places the bed contains ill-
defined lentils of concretionary ecalcareous material. The orna-
mental qualities of the brick are heightened by varied coloring.

The most extensive ¢lay in the area is the loess which covers
almost the entire surface and is universally accessible. It is
fairly uniform in physical and chemical character and has been
successfully used for making common brick at many places.
The Troy Pressed Brick Co. has its works on the north side
of the Vandalia Railroad, where the loess is 20 feet thick. In
the plant of the Ittner Brick Co., on the east side of the Louis-
ville & Nashville Railroad, in the NE. } sec. 16, T. 1 N., R.
8 W., bricks are made from a thin and well-leached loess,
though it is mixed with some of the underlying weathered
bowlder clay. The Kloess, Belleville, and Gansmann & Miller
brickyards, in or near Belleville, also use the loess, generally
its upper, weathered part.

BUILDING STONE.

The building stone of the quadrangles is taken from the
limestones which outerop in the area. The stone is of fair
quality but quarries are not numerous and are worked only
part of the time.

The Shoal Creek limestone member of the MeLeansboro for-
mation has been worked extensively in Timmermann’s quarry,
4 miles north of Breese, where the thickest layers of the mem-
ber lie near the surface and average about a foot in thickness.
Another small country quarry on this limestone is on the east
bank of Sugar Creek, 1} miles southwest of Aviston, where the
lower layers are best preserved and consist of hard, tough, blue
limestone, in blocks about 10 inches thick. The same layers
have been quarried extensively on the west side of Bugar
Creek east of Trenton, at one or two places on the east side of
the creek, and at some of the outcrops along the tributaries of
Shoal Creek between Timmermann’s quarry and Jamestown.

A soft sandy limestone, belonging in the beds overlying the
roof limestone of the Herrin coal, has for many years been
worked in a quarry on Richland Creek in the northern part of
Belleville. The rock is erushed and used for road metal.

The limestone which has been spoken of as the “top lime-
stone” was formerly worked extensively along Cantine Creek
in Collinsville. The same stratum yielded some building stone
in other places, as on the south fork of Spring Creek, from
2 to 3 miles east of (FFallon, and in a few places on Ogles
Creek. On this creek some sandstone also has been quarried
and used for foundation work.

Everywhere the rock requiring the least stripping has been
taken first, and at the present time the produet of the local
industry does not compete successfully with imported stone
and brick.

WATER RESOURCES.

Deep wells.—The deepest water wells in the quadrangles,
which are at Belleville, Collinsville, Highland, and Trenton
and which range in depth from 300 to 800 feet, draw from the
sandy strata in the upper part of the Mississippian series. The
water-bearing strata are fine grained and contain more or less
caleium carbonate; some of them might more properly be
called limestone, though they are generally recorded as sand-
stones. The quantity of water obtained is not great, and some
borings are dry.

The Belleville Deep Water.Co., which furnishes the public
supply of Belleville, relied for many years on deep wells, but
has recently been obliged to add impounded water from small
tributaries of Richland Creek, north of Belleville. = Mains have
been laid also to wells in the American Bottoms, half a mile
northwest of Idgemont, where an abundant supply of water
has been obtained in alluvial gravel and sand. DBefore these
changes were made it was evident that the deep wells would
be inadequate, as the water level in them had been lowered to
500 feet. The company had at one time 30 wells in the south-
ern part of Belleville, which were pumped by separate electri-
cally operated pumps. The average daily yield was about
900,000 gallons, but the yield of individual wells ranged from
75,000 to less than 5,000 gallons. The daily yield of some
other wells in Belleville is given in the following table:

Daily yield of deep wells in Belleville, in gallons,

Belleville Distilling Co., two wells, 15 feet apart_ ______ 1440, 000
Star Brewery, three wells, now abandoned  ___________ 5, (0K
Western Nafl Mill. ..o ccccamnan o Y 50, (i
oW n N R o e e e 20, 000
« Ballevilla Gag C0 . o ecceccmeememeemmemenemeae= B0, 000
Waungh Steel Co., two wells, abandoned________._. eeen 150, 000
Harrlzon Switzer Mill - oo ee e o 40,000
Western Browing Cou.o oo oococccmmccnnecoooooo-— 150, 000

As the wells, even those close together, differ greatly in
production, the yield is probably controlled by the texture of
the rock. In general the texture is close and the yield of
water is slow but continuous. Two or three wells have never
been pumped dry.

Collinsville was supplied for several years by deep wells,
but now obtains water from wells in the American Bottoms.
The Collinsville smelter has a deep well drawing from a
calcareous sandstone in the upper part of the Mississippian
series. The same stratum supplies one of the wells of the
Helvetian Milk Condensing Co., in Highland, and two wells
of the Grafeman Dairy Co., at Trenton. These wells are
about 550 feet deep and yield about 140,000 gallons a day,
but this large production was obtained only by shooting the
wells.

Wells of medium depth.—The sandy shale and the sandstone
120 to 220 feet above the Herrin coal generally earry good
supplies of water. Many farm wells in the northern part of
the Breese gquadrangle have been sunk to these rocks and
failures to get water from them have been rare; the aquifer is
entered at a depth of 130 to 180 feet and is 60 to 100 feet
thick. One of the two wells of the Helvetia Milk Condensing
Co., in Highland, the well at the Trenton flour mills, and the
well of the Bassler Brewing Co., in Trenton, obtain water from
this rock. The intake area of the strata is doubtless in the
basin of Silver Creek.

Shallow wells—Most private wells draw water from the
drift. Open wells on many farms along the western border of
the Belleville quadrangle, where the loess is 30 feet or more
thick, are supplied from the base of the loess, where water is
held on the less pervious bowlder clay, into which the wells
are sunk 5 to 15 feet. On the uplands farther east the loess
is thin and holds little water, and supplies are therefore com-
monly obtained from layers or lenses at the base of the bowlder
clay, where it overlies Pennsylvanian shale. On the uplands,
where the drift is thin and underlain by Pennsylvanian lime-
stone, some wells are amply supplied from that rock. Springs
exist in some places where limestone outcrops, as along Sugar
Creek, the two branches of Spring Creek, and some of the
small tributaries of Shoal Creek north of Breese. Plenty of
water may be found at moderate depths in the stream sands
that are buried under fine silt almost everywhere in the flat
alluvial bottoms of Silver, Sugar, and Shoal creeks. The
public supply of Breese is taken from Shoal Creek. The
pumping station is 2 miles east of the town, and the creck
water has so far proved sufficient in quuntity.

Surface waters.—The supply of surface water for all ordinary
purposes is abundant, but the water contains so much sediment
and more important impurities that filtering is necessary to
make it fit for domestic use, and as good well water is plentiful
stream water has not been much utilized. Although the stream
waters are muddy, especially at times of flood, they can be
more economically purified for locomotives and for industrial
use than can the ground waters.



Quality of walers—Six analyses of ground waters within
the area are given in the following table, They were made by
the Illinois State Water Survey.

Analyzes of waler from springs and wells in the Rellepille-Brecge area.
[ Parts per million.]

A

B ¢ | D | E |

Silica (Si0,) __ S E 42 ey Il.ﬁi 13
L7 W0 s Ao e | e ) SRR 2.5 L5| 12 | 1.1
Aluminmm (Al). I L e 4.3 | 6] Lo 2.8
Caleinm (Ca) .--| 111 5.8 | 80 | 8B T | a7
Magnesium (Mg) | 40 86| 18 | 20 | 28 | 1
Sodium (Na)________ B |jgg9 [§6890 | 884 | 38 | 62
Potassium (K) - | 4o [tz f - 1w | as| 7
Ammoninm radicele (NH,). B s Bay o) 1.3 | o b ey -
Bicarbonate radicle ‘ ‘ i

0T R e R 816 981 | 8 | ne1 | 488 B4
Sulphate radiele (30,).__| 7.4 55| 40 | s08 | 17 64
Nitrate radiele (NO,) _ .| .3 .8 | 1.7 , al .7 9
Chlorine(Ch .............| 82| 00| 865 | o0 | 10 5
Total solids._._.__.______. | 704 284 |2,600 |2,545 |32 |1,67

* All combined earbonie aeid computed as the bicarbonate radiele.

A. Bpring of F. Voellinger, Belleville; collected Apr. 4, 1008,

B. Well of H. Kircher, Belleville; 425 fect deep: water from rock; eol-
lected Feb. 8, 1002,

C. Well of J. R. Wadsworth. Collingville; water from rock at depth of
601 feat; collected Oet. 26, 1805,

! The mineral content of EI]Ii-m:ris waters: Illinois State Water Survey
Bull. 4, 1908,
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I, Same as C; water from a depth of 7046 feet.

E. Well of 8. E. Simpson, Collinsville; 90 fest deep in sand; collected
Now. 10, 1902,

F. Well of Highland Brewing Co., Highland; water from rock at 246
feet; collected Oet. 18, 1905,

The waters represented by analyses C, D, and F are too
salty to be entirely acceptable for domestic use. Analysis B
represents a very soft sodium carbonate water of moderate
mineral content; analysis E, however, shows a hard calcium
carbonate water, which is more or less typical of this section
of the Mississippi Valley, where limestones and unconsolidated
deposits derived from the disintegration of that rock abound.
These figures indicate the range of mineral content of the
water and the different kinds of ground water found in these

qundl'n ngles.
SOTLE,

The soil of the quadrangles has for the most part been
derived from the loess. In places it is derived chiefly from the
glacial till and in a few small fracts it is made up largely of
detritus of the underlying bedrock. The streams of the dis-
trict are bordered by alluvium transported from the interstream
areas, and as those areas are mantled almost continuously by
loess the alluvial soil is largely derived therefrom, but it con-
tains considerable gravel and sand derived from the till.

The fertility of a soil depends on many factors, all of which
are controlled rather closely by geologic processes, for the tex-

ture and the physical and chemieal composition of a soil at any
place are determined by the character of the rock or rocks from
which it has been derived and the conditions and forees that
have affected it.

The soil of the quadrangles consists of a great variety of
more or less decomposed minerals. In its formation there
seems to have been a general leaching of lime, compensated in
places by the addition of lime by lime-secreting plants and
animals. The loess soil has a consistency such as would be
expected of a soil made of dust particles somewhat modified by
weathering. It is comparatively open and porous and consists
of extremely fine sand and more or less clay. In general
the proportion of clay seems to increase with distance from the
Mississippi, so that the soil in the eastern part of the area is
sather heavier and less porons than that in the western part.
The porous soil is yellowish gray and the more compact soil is
light gray. In some places, especially on the alluvial bottoms,
the soil is dark gray or black.

The organic content of the soil differs from place to place
both in kind and amonnt. The general light color of the loess
soil is due to the character and amount of the organic material
it containg, which is controlled in large part by the warm
climate and good drainage of the region, though there are no
doubt other important factors, such as the original content of
of lime.

April, 1914.
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and still smaller ones stages. The age of a rock is expressed
by the name of the time interval in which it was formed.

The sedimentary formations deposited during a period are
grouped together into a system. The principal divisions of a
system are called series. Any aggregate of formations less
than a series is called a group. . :

Inasmuch as sedimentary deposits accumulate successively
the younger rest on those that are older, and their relative
ages may be determined by observing their positions. In
many regions of intense disturbance, however, the beds have
been overturned by folding or superposed by faulting, so that
it may be difficult fo determine their relative ages from their
present positions; under such conditions fossils, if present,
may indicate which of two or more formations is the oldest.

Many stratified rocks contain jfossils, the remains or
imprints of plants and animals which, at the time the strata
were deposited, lived in bodies of water or were washed into
them, or were buried in surficial deposits 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 characteristic types,
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. Where
two sedimentary formations are remote from each other and it
is impossible to observe their relative positions, the character-
istic fossil types found in them may determine which was
deposited first. Foszil remaing in the strata of different areas,
provinees, and continents afford the most important means for
combining local histories into a general earth history.

It1s in many places difficult or impossible to determine the age
of an igneous formation, but the relative age of such a forma-
tion can in general be ascertained by observing whether an
associated sedimentary formation of known age is cut by the
igneous mass or is deposited upon it. Similarly, the time at
* which metamorphic rocks were formed from the original masses
may be 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 that of their metamorphism.

Symbols, eolors, 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.

Patterns composed of parallel straight lines are used to
represent sedimentary formations deposited in the sea, in lakes,
or in other bodies of standing water. Patterns of dois and
circles represent alluvial, glacial, and eolian formations. Pat-
terns of triangles and rhombs are used for igneous 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 planes.
Suitable combination patterns are used for metamorphie forma-
tions known to be of sedimentary or of igneous origin. The
patterns of each class ave printed in various colors. With the
patterns of parallel lines, colors are used to indicate age, a
particular color being assigned to each system.

The symbols consist each of two or more letters. If the age
of a formation is known the symbol includes the system sym-
bol, which is a capital letter or monogram; otherwise the
symbols are composed of small letters.

The names of the systems and of series that have been given
distinetive names, in order from youngest to oldest, with the
color and symbol assigned to each system, are given in the
subjoined table.

Symbols and colors assigned to the rock systems.

Sym-| Color for sedi-

|
| |
Eyatem. | Serkes. | bol. | mentary rocks.
1 —| |‘ el
Recenk - .o ! = I .
QUALATTANY oeveees s oo mmemmammmsmmmnas {p,':.',f:ﬂm.“ “¢| @ | Brownish yellow,
O hy | Pligsrene, oo |
mOEHE Miccems ... — . .
iy 4 OO S RS S i TR } | T | Yellow ocher,
| Boroems . -4 4
{ Erﬂtan:nlmun o | j 'il;lllt;:;'mﬂ?
espmoie + Jurassic...... -- -ETE,
e “a G ol S T I A SRR R TR L e el VR S R | Peacock blue,

[ Perminn -
3| Blus.

|1 Pennsylvanian H
| | Mississippian. . |

Carboniferous. . oo occiiiiaiian s
Blue-gray.

[+
Paleorobe{ Dol i .. oo oo ccaiciaa E
i Rad-purplie,
€
L
M

Siluran eeeenenen-- Blus-purple,
Ordovician ... .

Cambrinn ... Brick-rid,
Alponkinn. ... I;:rnw:n.lx'l:. Pl
e L T R R ) L Sy L | Grny-brow,

SURFACE FORMS.

Hills, valleys, and all other surface forms have been produced
by geologie processes. For example, most valleys ave the result
of erosion by the streams that flow through them (see fig. 1),
and the alluvial plains bordering many streams were built up
by the streams; waves cut sea cliffs and, in cooperation :wit-h
currents, build up sand spits and bars. Topographic forms
thus constitute part of the record of the history of the earth.

Some forms are inseparably connected with deposition. The
hooked spit shown in figure 1 is an illustration. To this class
belong beaches, alluvial plains, lava streams, drumlins (smooth
oval hills composed of till), and moraines (ridges of drift made
at the edges of glaciers). Other forms are produced by erosion.

The sea cliff 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 afterward partly eroded away. The
shaping 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 earried below sea
level, and the sea is therefore called the dase-level of erosion.
Lakes or large rivers may determine local base-levels for certain
recions. When a large tract is for a long time undisturbed by
uplift or subsidence it is degraded nearly to base-level, and the
fairly even surface thus produced is called a peneplain. If the
tract is afterward uplifted, the elevated peneplain becomes a
record of the former close relation of the tract to base-level.

THE VARIOUS GEOLOGIC SHEETS.

Aveal geology map.—The map showing the areas occupied
by the various formations is called an areal geology map, On
the margin is a legend, which is the key'to the map. To ascer-
tain the meaning of any color or pattern and its letter symbol
the reader should look for that color, pattern, and symbol in
the legend, where he will find the name and deseription of the
formation. If it is desired to find any particular formation, its
name should be sought in the legend and its color and pattern
noted ; then the areas on the map corresponding in color and
pattern may be traced out. The legend is also a partial state-
ment of the geologic history. In it the names of formations
are arranged in columnar form, grouped primarily according
to origin—sedimentary, igneous, and erystalline of unknown
origin—and within each group they are placed in the order
of age, so far as known, the youngest at the top.

Leonomie geology map.~The map representing the distribu-
tion of useful minerals and rocks and showing their relations
to the topographic features and to the geologic formations is
termed the economie geology map. The formations that appear
(a1 Hll_‘! EI]'!_“‘-'][ L“COI(}E_{J’ Ill:]p A 'I_'IHI_'l:l”}" !ﬁj]n“'” on tlliﬁ Ill!]p I}:‘rr
fainter color patterns and the areas of productive formations
are emphasized by strong colors. A mine symbol shows the
loeation of each mine or quarry and is accompanied by the
name of the principal mineral mined or stone quarried. If
there are important mining industries or artesian basins in the
area special maps to show these additional economie features
are included in the folio.

Structure-section sheet.—In eliffs, canyons, shafts, and other
natural and artificial enttings the relations of different heds to
one another may be seen. Any cutting that exhibits those
relations i called a seefion, and the same term is applied to a
diagram representing the relations. The arrangement of rocks
in the earth is the earth’s strueture, and a section exhibiting
this arrangement is called a structure section.

The geologist is not limited, however, to natural and arti-
ficial ecuttings 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 beneath the
surface and can draw sections representing the structure to a
considerable depth.  Buch a section is illustrated in figure 2.

Figunrg 2 —Sketeh showing a vertical section at the front and a landscape
beyondd.

The figure represents a landscape which is cut off' sharply
in the foreground on a vertical plane, so us to show the
underground relations of the rocks. The kinds of rock are
indicated by appropriate patterns of lines, dots, and dashes.
These patterns admit of much wariation, but those shown in
figure 3 are used to represent the commoner kinds of rock.

Sandatonas and can- Caleareous sandstones,

Flomsrntes,

Shaly sandstones.

Schilsts, Mas=ive amd bedded igneons rocks.

FIGURE 5.—Symbols used in sections to represent different Kinds of rocks.

The plateau shown at the left of fignre 2 presents toward
the lower land an escarpment, or front, which is made up of

sandstones, forming the cliffs, and shales, constituting the
slopes. The broad belt of lower land is traversed by several
ridges, which are seen in the section to correspond to the out-
crops of a bed of sandstone that rises to the surface. The
upturned edges of this bed form the ridges, and the inter-
mediate valleys follow the outerops of limestone and calearcous
suale,

Where the edges of the sirata appear at the surface their
thickness can be measured and the angles at which they dip
below the -surfice can be observed. Thus their positions
underground can be inferred. The direction of the intersec-
tion of a bed with a horizontal plane is called the strike. The
inclination of the bed to the horizontal plane, measured at
right angles to the strike, is called the dip.

In many regions the strata are bent into troughs and arches,
such as are seen in figure 2. The arches are called anficlines
and the troughs syneclines. As the sandstones, shales, and
limestones were depogited heneath the sea in nearly flat sheets,
the fact 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 are broken across
and the parts have slipped past each other. Such breaks are
termed faults, Two kinds of faults are shown in figure 4.

FraurE 4.—Ideal sections of strata, showing (2) normal faults and (b) &
thrust or reverse fanlt. -

At the right of figure 2 the section shows schists that are
traversed by igneous rocks. The schists are much contorted
and their arrangement underground can not be inferred.
Henece that portion of the section delineates what is probably
true but iz not known by observation or by well-founded
inference.

The section aléo shows three sets of formations, distinguished
by their underground relations. The uppermost set, seen at
the left, is made up of sandstones and shales, which lie in a
horizontal position. These strata were laid down under water
but are now high above the sea, forming a platean, and their
change of elevation shows that a portion of the earth’s mass has
been uplifted. The strata of this set are parallel, a relation
which is called gonfermable.

The second set of formations consists of strata that have been
folded into arches and troughs, These strata were once con-
tinuous, but the crests of the arches have been removed by
erosion. The beds, like those of the first set, are conformable.

The horizontal strata of the plateau rest upon the upturned,
eroded edges of the beds of the second set shown at the left of
the section. The overlying deposits are, from their position,
evidently younger than the underlying deposits, and the bend-
ing and eroding of the older beds must have oceurred between
their deposition and the acenmulation of the younger beds,
The younger rocks are unconformable to the older, and the
surface of contact is an uneonformity.

The third set of formations consists of crystalline schists and
igneous rocks. At some period of their history the schists
were folded or plicated by pressure and traversed by eruptions
of molten rock. DBut the pressure and intrusion of igneous
rocks have not affected the overlying strata of the second set.
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 this interval the schists
were metamorphosed, they were disturbed by eruptive 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 figure 2 are ideal, but they
illustrate actual relations. The sections on the structure-
gection sheet are related to the maps as the section in the
figure is related to 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 that appears in
the section may be measured by using the scale of the map.

Columnar seetion.—The geologic maps are usually accom-
panied by a ecolumnar seetion, which contains a concise
description of the sedimentary formations that occur 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 characters are
indicated in the columnar diagram. The thicknesses of for-
mations are given in figures that state the least and greatest
measurements, and the average thickness of each formation is
shown in the column, which is drawn to scale. The order of
accumulation of the sediments is shown in the columnar
arrangement—the oldest being at the bottom, the youngest at
the top.

The intervals of time that correspond to events of uplift and
degradation and constitute interruptions of deposition are
indicated graphically and by the word * unconformity.”

GEORGE OTIS SMITH,

May, 1909. Director.
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| 315 | Lassen Peak LV o R 1 | (50 b= Gl 2 S N T SR . South Dakota . . . . .. w- 5
| R | R ey TR T i et Tennessee-North Carolina . , | [i |l 114 | De Smet. .. . e South o bt e ]

| 117 | Marysville . .. LE G P SRR l | {{ 115 ! Kittanning . . . .. ... ... | Pennsylvania .. ... ., o
| “118 | Smactaviller. 6 L. s [ i i - RSO TR I (EPELES] Ashayile i v . LR North Carolina-Tennessee . . 5
| $19! sStevenson........... (AR~ Cra=Tany Ay, e v I | 117 | Casselton-Fargo Morth Dakota-Minnesota - . 5
o200 frsClevaland: . Gl h s s | Tannessee .. iiitw. oo« ai] - O | 118 | Greeneville .« .. | Tennessee-MNorth Carolina. . 5
| P BT L T e | Tenneasee .. ..+ . v .. | 119 | Fayetteville .. ........ | Arkansas-Missouri ...... )
| 122 | MoMinnville..........| Tennessee........... | | LR PG IvagEnTls e e S T Colorado BF. o 1 T &

25|  Nominl &% F&'c. . o L& | Maryland-Virginda ~.'. . ... | .6 i 121 | Waynesburg . . . ....... Pennsylvania ... .. .. o 5

B Ry s o SRR S i B 1R R R PmEe ] 1 R R S Oklahoma (Ind. T.) . . . . . ]
| 125 | Loudon. .. LT ennesseety I Ao oL . | | | 125 | EldersRidge ......... | Pennsylvania . ........ 5]
| 126 | Pocahontas .......... | Virginia-West Virginia. ... | {{ 124 | Mount Mitghell . . ... ... | North Carolina-Tennessee. . 5
| 127 | Morsistown .......... ! o T Y e R L Il t125 i Rural Valley .« . v oteiins Pennsylvania .........
b5 L 28 Rindmont, sagencs s =,., .- West Virginia-Maryland . . . | || 126 | Bradshaw Mountains. . . . . B o R, W Vg 5
| 129 | MNevada Gity Special ... .. W Balifonnia e, e e | HT127 | Suhdancag®, .. Bt U o Wyoming-South Dakota . . . |
| 180! Yellowstone National Park . | Wyoming ........... i 128 | Aladdin. .. .......... Wye.-S. Dak.-Mont . . . .. 5
| 31| PyramidPeak......... [ T L A S ke I 1 el e b T SRS R Y L PR R o
k- bes | Frankuoed ot Hn g «« . | West Virginia-Virginia. . . . | : FIE04IF Ricor et ool ST 7 | S ] 5
| PES | Bricotille: . Sfnds S en | & TeanneEaaas S ST At . I i 131 | Needle Mountains . . Tl Lo el T R SR k-5
Iu 134 Buckhahnon . . . v« s s » s | West Virginia . . . ...... | i 132 : Muscogee ... .. ...u:. Oklahoma (Ind. T.) . . . ... I
|' T S8 Cradadani: eI Tl kL Blahama 2. et . 8 . | 183 | Ebensburg......... e o Eennaylvan SR 0 S gl S
| SE ¢ Pusblo .o e v e ls Colorato el e hyam i 25, | -5 ' | 134 | S e el e S Pennsylvania . ........ 5
| t=7 Downiaville . ca & v v v s - s Galifornia . ... . ... .5 | ii | 135 | Mapagta” . #07 C 0 R Bolorade: . 5 er® oo o 5
| $38| ButteSpecial . ........ T i e o e l P aG | S RN Ay R e A Maryland-Virginia . . . ... 1“8
! ESll Trickealt R RE i Balifarnlaretes fa LT ” 137 I 103 i e R Dal-Md-BL.J......... &
|i 1125 T W E T Ty e A AT A et - e o R e | | 138 | Reddigpss o b o, L . Ealifommias 25 b
G ]| T A U O A SRl DA ot o e s | | 159 | Snequalmie . .........| Washinglon .......... 5
el DN eane o N R o el i it | Texas ............. 5 I || 140 | Milwaukee Special . ..... | Wiseonsin . .......... 5
L 345 | BldwellBar-- & - . & aas [CeGalifornla: et s | i || 1141 | Bald Mountain-Dayton Wromings, .o madr. Lo, |
| T s R g s | Virginia-West Virginia . . . . I | 1142 | Cloud Peak-Fort McKinney . | Wyoming. ........... :

! e | R B e i LA ARON R S L e . i || 145 | Nantabala ........... North Carolina-Tennessee.. | 5
5 46| Richmond ... .r. .. .. .. | Kenbueky: . i A 5 - T aA S 1e Rty gy, Tl - Pennsylvania . ........ =

i. 47 | sy v R e S £ | B i o o ot Bl SR 5 g 1145 Lancaster-Mineral Point . . Wisconsin-lowa-Illinois A
| 148 | Tenmile District Special...| Colorado............ | 146 | Rogersville w v it - Penneylvania’ . i .o« 4 o 5
L S IR e EE S S 0] o R | 1 | P apah o L M. Carolina-5. Carolina . . . 5
I Sl Elalyoloe stenr v | o Massachusetts-Connecticut . (3] 148 | Joplin District (reprint) . . . | Missouri-Kansas . ..... 50
| i) Big Treas . .......... Daliformla . R I | 149 | PenchscotBay ........ I e e e 5
5 | R Frr L CORGER T e ne o) s Tn MEDminEe. . Al 5] || T1E0Q' | Davils Tower .'. . ..« Wyoming-... - - & v o s

55 | Standingstone . ........ TeODessge ™t = . .. ik (=% 5% :i 1151 | Roan Mountain . . ... ... Tennessee-North Carolina .
164 | Tacoma - IMABIIEEON s +ics o e EaNE ' || 152 | Patuxent M -DEERewE . 5

fl 155| FortBenton........:. ] T R S 5 14 ; | 00 170 M ST S et S Goloradoges . .l VK 5

I 156 | Little Belt Mountaing ....| Montana . ........... . (ST 1EARISNEmALow . & il o v Ark-Olda, {Ind. T.) ... .. 5

{1 RS Tellusides S il oS EEROLAor. o .. v e i |I 18587|. Ann Arbor (reprint} . .. .. | Michigan. . ... ...\ .. T

i Gt O = o e e S e (e e P SPTRGESA S S o | 5 | || 156 0o T A R 5. Dak.-Nebr.-lowa ; 5

RS Briatal, & . ot B Virginia-Tennessee. . . . . . | i; 1o He A e R R s New Jersey-New York . .

|| RB0 TalPlatasiy s il o ¥ Coloradoic s 5% AL T g ; [ asas i ReskiEnd Sk . SV aing S8 ST R E 5

i 61| Montersy » .. ... . A Virginia-West Virginia., . . . | 5 | 159 | Independence ......... ' Fansas 8% o s i 5

i 62 | Menominee Special . . . . .. Michigan'. . . . ... wu .. |- E ] { 160 | Accident-Grantsville.. ... | Md.-Pa-W.Va....... 5

i 168 | Mother Lode District GRLTCTTIR S8 % e - i 5 | 161 | Franklin Furnage . ... ... | NewJersey . ......... 5

| 64 | Dvalde s 5. "o 0Tl . . s | CTEERS L g s B 62 | Philadelphia &, o G P PacN JeDel L L L L

| BT o T R AR T b e TR Lersi g | $168%| SantaOroz .......... | Galiforatia A 50 |

I 166 | Colfax alifornias ks Ny I i 164 | BelleFourche. .. ... ... South Dakota . . . ...... | 5

i SR el e oot o e iy Mineis-Indiana . . ... ... 5 | | 185 | Aberdesn-Redfield . ... .. South Dakota . . . ... ... B

| 68 [ Walsenburg - . ... %..% Bolorador RN, St 8 | SEEES] TR Al TR S, A fb Tracamn®, o AR T 5

I 89| Huntington ......... .| West Virginia-Ohio . . . ... | & I 18T | Arentonts's .o . hs = | New Jersey-Pennsylvania , 5

| e 1 e T e S k(e ho el L PR T RS R I | 168 | Jamestown-Tower ... ... Morth Dakota ... . . .. ... o

| i1 Spanish Peaks ........ Goloradoie-t , T ! | 169 | Watkins Glen-Catatonk . . . L T R R 5

| T7a| “Ghadleston’: .« ..\ .. . West Virginda, . . . . .. ... ' 170 | Mercersburg-Chambersburg, | Pennsylvania . ........ 5

 t78| CodsBay. ...... EREROR®, . - 2o L 171 | Engineer Mountain . . . ... | Colorado . .. ... ...... 8

! Tl |8 Eoalpate ow . A Oklahoma (Ind. T.) . . . . .. 3] [Pl TaE e e . . Pennsylvania-New York 5

i 75 | Maynardville Hermean g TR L 5 ! 1238 Laramie-Sherman . ... .. W rming S s e 5

| PR T TR T Texas SRl ey 174 b o ietorn . . D | Pennsylvania . ........ 5

I ] (= L R S/ West Virginia . . . . .. ... 5 | 175 | Birmingham .. ........ | “Elabarfia s alaaie ool 5

78 | | i e L e S R Georgia-Alabama . . . . . .. 5 I 196 | Sewigkley ...........| Pennsylvama . ... ._..., 5

P TR R S R - Oklahoma (Ind. T.) . . . . .. S g= : || 177 | Burgettstown-Carnegie ... | Pennsylvania ....... . 5]

NEr | g o i g s S SRR T Virginia-Morth Carolina . . . 5 | il 178 | Foxburg-Clarion ....... | Pennsylvania . ........ 5
eI Chicagol e R S [Nlinois-Indiana | il 179 | Pawpaw-Hancock ... ... | Md-W.Va-Pa ........ 5
iao Masontown-Uniontown Pennsylvania . ..... ... Il 180 Claysville | Pennsylvania . ........ 5
83| New YorkGity ........| New York-New Jersey |l Bl B = T R | MNorth Dakota......... 5

| B eIty . L e L T 5501 s Tl R SR - B {| * 1&2th wGhepianic. . e, . on aMaprland L. L L. S 5
f 86| Qelrichs ............| SouthDakota-Nebraska . . . 5 || 1853 Llamo-Burnet . v . ... - . piy 7T i TR : 5
& 86 i Ellensburg . . . ... .....| Washington .......... B (PR R = T BT TR SO St Ky-W.Va-Ohio ... .. 5
| 87| CampClarke. ......... Cshraskal . o L g 5 | §185 | Murphysboro-Herrin®. . . . . TlinoisAdie. - O . A5 95

™ g | SaotisfBlaftes . . o g Nebraska ..o9/% Slee—-. . 5 | 186 | "Bplshapa.." .. ...5. % 4 G R S N 5

I T e = v R R R o A S i S 8 | 187 | Ellijay e ks~ 1. C.-Tenn | o5

i 90| OCranberry ...........| MNorthCarolina-Tennessea. . 5 | 8188 | Tallula-SPringfield “SSE8Wee | Mllinois ... ....... .. .. | 28

I 91] Hartville. . ..........| Wyoming. . o, 5 189 | Eamesbom-Fattuﬁ_?. e S A ITRNIANT . . e 25

I o2l Ganes ........ . rrpe-Pennsylvania-Mew York. . . | 5 AT | 1T e S S e Mewi¥ork W8 & ol oo 50

o5 | Elkland-Ticga . . .. ... .. Pennsylvanig._. - . ... . . 5 o = P T T R | New Jersey . ...... . - | 128

| 94| Brownsville-Connellsville . . Pennsylvania=. -3 . . . . (5] | 192 | Eastporttae. s ¥ . [EMaifie “®- e T e | o 25

Il a5t Bolumbia .. - . . LR Tonnesses . . . . . . ... .. B8 | §195 | San Francisco ... ..... California . ...... : 75

l: LT3 | [ I A R S SoathDakota . .. . ... ." B | 194 | VanE O S L N e TS A U, o O S 25

[ tom* Patleane k.« - . oS SemthiDaloti: e, S0 Sat il 195 | Belleville-Breese . ..... 41117 T, ! 25

| < o8| Tishomingo .......... Oklahoma (Ind.T) . .....| & | | E

Survey, may be had on application to the Director, United States Geclogical Survey. Washington, D. C.

* Order by number.

+ Payment must be mada by monay ordar or in cash.

t Thesa folios are out of stock.

which is 75 cents.

& These folios are also published in octavo form at 60 cents each, except No. 195

® The texts and economic-geology maps of the Placerville, Sacramento, and Jackson folios, which are out of stock, have been reprinted and published as a single folio (Folio reprint Mos. 3, 5,
and 11), the price of which is $1.

Owing to a fire in the Geological Survey building the folios in stock were slightly damaged, but those that were saved are usable and will be sold at 5 cents each. They are priced accord-
ingly in the list above. GCirculars showing the location of the area covered by any of the above folios, as well as information concerning topographic maps and other publications of the Geclogical
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