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GEOLOGIC ATLAS OF THE UNITED STATES. 

l:Kl'l'S OF RUHVEY A0iJJ OF l'UBLICATION. 

The Geologieal Huney is making a topogrnphic and a. geo-" 
logic atlas of the United Stales. The topogruphie atlus will 
eomlist of maps ('al!t~(l atlas sheets, and the geologic atlas will 
consist of pn,rts called foll:os. Each folio illCludf's topographic 
and geologic lllnps of a certain four-sided area, calletl a Ijuad

milgle, OJ' of mOTe thun one Buell area, and a tf'xt dt>scribing its 
topographic and geologie felltmes. A quadrangle is liinited by 
pnrallcJ8 and meridian8, not by political houndary lines, suell 
as those of Sbt[p:,,\, COHn ties, and townships. Each fluadrnnglc 
is named fl'om a town or a natural featnre within it, and at 
the sides unu cor1lel'S of cuch map are printed the names of 
adjacent qlludrtUlgles. 

seA LE8 (W TIm 111.,11-'8. 

On a map drawn to the w~[Jle of' 1 inch t.o the mile a linear 
mile on the ground would be represented by a. lineal' inch on 
the map, and eat'll "qnare mile of the ground would be repre
sented by U I:>quare inch of t.he map. The seale may be expressed 
also by a fraction, of which the numerator represents a unit of 
linear Illt:'<tsure on the nHlp and the denominator t.he corre
spondiug nllmber of like units on the ground. Thus, as there 
are 63,300 inehes in u mile, the scale 1 inch to the mile is 
expresl:>ed by the fraction or the ra.tio 1:G3,:360. 

The three scalf'S nsed on standard maps of the GeologicHl 
tlurveyarc J:u2,vOO, 1:125,000, and 1:250,000,1 inch on the 
map corresponding approximately to 1 mile, 2 miles, and 4 
miles on the groulld. On the scale of 1: G2,500 a square inch 
of nUlp surface repl'8SeUUl abont 1 !';(luare mile of ea.rth sur
Ewe; on the scale of' 1:J25,000, about 4 square IlJiles; and on 
the scalc of' 1:2tiO,OOO, about H; square miles. In geueral fl 

standard lIlap on the scale of' 1: 2;'>0,000 represents a "square 
degree" ~that is, an area measuring 1 degree of latitude by 
1 degree of longitude; one on the seale of 1: 12;3,000 represents 
one-fhurth of a "square llegl'ee"; and one ou the scale of 
1:62,500 repreOicnts one-sixteenth of a "square degrce." The 
arclls of' the eOlTcspouding quadralJgles are about 4,000, 1,000, 
and 250 square mile!';, thougll tlli:'y vary with the latitude, a 
"square degree" in the latitude of Boston, for example, being 
only 3,t:l:26 square miles and one in the latitude of Galveston 
being 4,150 square miles. 

GEKlilHAL :FJ:<]ATt:m::s SllO\V:X ON 'I'HE 1't'LAP8. 

The gelLeral features represent.ed on the maps are of 
three cliOitinct kintls-(1) inequalities of' suriiwe, called 
sudl as pluius, plateaus, va.lIeyOi, hills, flnd moulltains; 
diOitribution of watcl', called drainage, ~mdl as streams, 
and swamps; (3) the ,vorks of man, called culture, sueh as 
roads, railroads, villages, and cities. 

lieliej.-All altitudes are mcasured from menn sea leveL 
The hcights of many points have been accurately determined, 
and those of' SOHle are gi\'en on the lUap in figures. It is 
desirable, however, to show the altitude of all parts of' the area 
mapped, the form of the surfl1ee, and t.he grade of llll slopes. 
This is done by contour lines, printed in brown, etleh repre
senting a certain hcight above sea leyel. A eontour on ihe 
ground passes through point!'; that have the saIlle altitude. 
One who follows a contour will go neit.her uphill nor downhill 
but on a levd. The manner in which contour lines express 
altitude, forlll, and slope is shown ill figure 1. 

FIGURE L~Ideal view and col'l'e~pondillg contour u:mp. 

The view rt'prer-;ents a river yalley bet.ween two hills. In 
the foreground lR tllf:~ Rea, with a bay t.hat is partly inclosed by 
a hooked sand hal'. Un each side of the yalley is a terrace. 
The terrace on the rig-ht merges into a gentle upward slope; 
that on the left mt~l'ge8 into a steep slope that passes up\\:anJ to 
a cliff, or scurp, whieh contrasts with the gradual slope hack 
from its crest. Tn the mnp eaeh of these features is indif'att'd, 
directly beneadl its position in the view, by contour lines. 
The map does not include the distan-t part of the view. 

As contours are continuous horizontal lines they wind 
smoothly about smooth surfaces, recede into ravines, and pro
ject arollTlll spurs or prominences. The relations of contour 
curveR and allgl(~s to the form of the land can be seen' from 
the map lind ,yketeh. The contour lines show not -only the 
shape of the hills ~llld valleys but their altitu(le, as well as the 

of all slopel:3. 
distallce represented by the space behveen two 

suceessi ve contour ]iJles~t1Je eon tour intel'Yal-is the same, 
whether the contours lie along a cliff or on a gentle slope; b~t 
to reHch a gi\Cen height on a gent.le slope one must go fart.her 
than on a steep Rlope, and therefore contollrs are fur apart on 
gentle slopes and neal' together on steep slopes. 

The contour intenal is generally uniform throughout a 
single map. The relief of a flat or gently undulating country 
can be adequately represented only by the use of' a small con
tour interval; that of a steep or mountainou~ countr)' ean gen
erally be a.dequately represented on the sarne seale by the use 
of a larger interwl. The smallest interval commonly used on 
the atlas sheets of the Geological tlurvey is 5 feet, which is 
used for region1:3 like the Mississippi Delta and the Dismal 
Swamp. An interval of 1 foot has been used on some large
scale mapR of very flat an'as. On maps of more rugged coun
try coutour intervals of 10, 20, 25,50, and 100 feeL are used, 
and on maps of great mountain masses like those in Colorado 
the interml may be 2.'50 feet. 

In figure 1 Ule contour interval is 20 feet, and the contour 
lines therefore rCIH'e:-:;ellL contours at 20,40,60, and 80 feet, and 
so on, above mean ,sea level. Along the contoUl' at 200 feet lie 
all points that are 200 feet above the sea~that is, thil:> contour 
'would be the shore line if t.he sea were to rise 200 feet; along 
the contour at 100 feet are all points that are 100 feet above 
the sea; aUtl so on. In the space between any two contour" 
are all poilJts whose altitudes are above the lower and belo,v 
the higher contour. Thus the eontour at 40 feet falls just 
below tlw edge of the terrace, and that at GO feet lies above tlle 
terra{~e; therefore all points on the terrnce are shovm to be 
more t.han 40 hut less than 60 feet above the sea. In this 
illustration all the contour lines are numbered, but on most of 
the Oeoiogieal Burvey'~ maps all the contour lines are not 
numbered; only certain of them~say every fifth one, 'which 
is made slight.ly heavier~are numbered, for the height!:> shown 
by the o~hers may be learned by counting up 01' down from 
these. 1\1ore exaet altitudes for many points arc given in 
bulletins published by the Geological Survey. 

Dmino/le.-'Vatercourses are indicated by blue lines. The 
line for a pel'eIlllial stream is unbroken; that for an inter
mittent stream is dotted; and that for a stream which sinks 
and reappears is broken. Lakes und other bodies of water 
and t.he several t.ypes of marshy areas Hre also represented in 
blue. 

Cult-ure.-tlymbols for the works of man, including public
land lines and othet' boundary lines, a1:3 well as all the lettering,. 
are pril1tt~d in blaek. 

GliJOH)UlC P]~A.'l'CnES SH(J\YN ON THE :.'trAPS. 

The mapR representing the geology show, by colors and 
COil ventional signs printed on the topographic lllap a8 a base, 
the diHtribution of roek masses on the surface of the land 
and, by means of strueture sections, t.heir underground rela
tions so far alii known, in snch detail as t.he scale permits. 

KIN D8 (W ROCKS. 

Uoe1..s are of many kinds. On the geologic map they are 
disting'lil:3hed a!'; igneous, 8edimentary, and metamorphic. 

Igneous 1·ucks.-Hocks that have cooled and eonsolidated 
from it state of fi.ll:3ion are known as igneou8. Molteu material 
has from time t.o time been forced upvwrd in fissures or chan
nels of various shapes and sizes through rocks of an ages to 
01' nt~arly to tIle surface. Hocks formed by the consolidation 
of molten material, ot' rna!J1na, within these channels-that is, 
below the surface---are called intrusi'lie. An intrusive mass 
that occupies a nearly vertical fissure which has approximately 
pamllel walls is called a d'ike; one that fills a large and ineg
ular eonduit is termed a stock. Molten material tlwt traYerses 
stratifled rocks may be intruded along bedding planes, forming 
massE'S called sills 01' sheets if they are relat.iyely thin and 
laccoliths if they are Jarge lenticular bodies. Molten material 
that is inclosed by rock cools 'slowly, and its component 
minerals crystallize "dlen they solidify, so that intrusive rocks 
are generally crystalline. ,Molten material that is poured 'out 
through channels that reach the surface is called lava, and 
lava ,may huild up volcanic mouutain!:!. Igneous rocks that 
ha ve solidified at the surfhce are called cxtrw:live or etfwdt'e. 
Lavas gen~rally cool more rapidly than iutrusive rocks anti 
contain, cl:lpecially in their outer parts, more or less volcanie 
glass, produced by rapid cbilling. The outer parts of lava 
How,> are also usually made porous by the expansion of the 
gtlsel:> it,l t.he nHlgma. Explosions due to these gHses may 
accompany voleanie erupt.ionl:l, eausing the ejection of dust, 
ash, lapilli, and larger fragments. These materials, when con
solidated, constitute breccias, agglomerates, and tuffs. 

Sedimentary rocks. - Rock:-! composed of the transported 
fragments or particles of older rocks that have undergone 
dil:3iII t.egration, of volcanic material deposited in lakes and seas, 
01' of material deposited in such bodies of ,yater by chemica.l 
precipitation or by organic action are termed sedimentary. 

The ehief agent in the transportation of rock debris is water 
ill motion, including rain, streams, and the water of lakes and 
of t.he sea. The materials are in large part carried as solid 
particles, and the deposits they form are called mechanical. 
tllldl deposits are gravel, sand, and clay, which are later con
solidated into conglomerate, sandstolle, and shale. Some of 
t.he materials are carried jn solution, and deposits composed of' 
t.hese materials are called organic if formed with the aid of life 
01' chemical if formed without the aid of life. The more COIll
Illon rocks of chemical and organic origin are limestone, chert, 
gypsnm, salt, certain iron ores, peat, lignite, and coal. Any 
one of the kinds of' deposits named lilay be formed separately, 
or the different materials may be intermingled in many ways, 
pro<lucing a great variety of rocks. 

Another transporting agent is ail' in motion, or wind, and a 
third is ice in mot.ion, or glaciers. The most characteristic of 
the wind-borne or eolian deposits is loes8, a. tine-grained earth; 
the most characteristic of the glacial dcposits is till, a hetero~ 
geneouR mixture of boulder!'; and pebbles with clay 01' sand. 

:'IIost sedimelltary rocks are made up of layers or beds 
th~.t can be easily separat.ed. These layers are called strata, 
and rocks deposited in such layers are said to be stmUfied. 

The surhlce of the eartll is not immovable; over wide regions 
it vcry slowly r~ses or sinks with reference to the sea, and shore 
lines are thus ehanged. As a l'esult of upwHrd movement 
marine sediment.ary rocks may become part of the land, and 
most of our land surface is in fact composed of rocks that were 
originally depol:3it.ed as sediments in the sea. 

Hocks exposed at the surface of the lanll are acted on by air, 
watcr, icc, animals, a.nt! plants, especially the low organisms 
known us bacteria. They gradually disintegrate, and t.heir 
more soluble parts are leached out, thc less soluble material 
being left as a J·esidua.l layer. 'Vater washes this material 
down the slopes, and it is eventually carried by rivers to the 
ocean or other bodie~ of water. Usually its journey is not C011-

tintlouR, but it is temporarily built into river bars and Hood 
plailli:l, vdlCre it iorm~ allnv£wn. Alluvial deposits, glacial 
deposits (collectively known as drifl), and eolian deposits 
belong to the surficial class, and the residual layer is com
monly ineluded ,vith them. The upper parts of these .deposits, 
whieh are occupied by the roots of plantl:3, constitute soils and 
subsoils, the soils being usually distiuguished by a considerable 
admixture of organic matter. 

Meta·morph£c J·oclcs.-In the course of time and by various 
processes rocks may become greatly changed in composition 
and texture. If the new characteristics are more pronounced 
t.han the old the rocks arc called metamorphic. In the process 
of metamorphism the chemieal constituents of a rock muy 
enter into ne,v combinations and certain substances may be lost 
or new ones added. A complete gradation from the primary 
to the metamorphic forlll may exist within a single rock mass. 
Such changes transform sandstone into quartzite and limestone 
into marble and modi(y other rocks in various wuys. ~ 

From tillle to time during geologic ages rocks that have been 
deeply buriea and have been subject.ed to enormous pressure, 
to slow movement" and to igneous intrusion have been af'ter~ 

ward raised and later exposed byerosio)l. In such rocks the 
original structural features may have been lost entirely and 
new ones substituted. A system of pamllel planes along which 
the roek can be split most readily muy have been deyeloped. 
This acquired quality gives rise to cleavage, and the cleavage 
planes lIlay cross the original bedding planes at any angle. 
Hocks characterized by cleavage are called slates. Crystals of' 
.mica. or other minE'rHIs lIlay have ,grown in a rock in parallel 
arrangement, causing lamination or foliation and producing 
'what is known as schistosity. Hoeks characrerized by schis
tosity are called schwls. 

As a rule, t.he older rocks are most altered and the younger 
are least altered, but to this rule Utere are many exceptions,. 
especially in regions of igIleous activity and complex structure. 

G.EOI .. OGIC FORMATIONS. 

For purposes of geologic mapping the rocks of all the kinds 
HbO\'e deseribed arc dividcd into fm·ma(tons. A sedimentary 
formation contains between its upper and lower limits either 
rocks of uniform character or rocks more 01' less uuiformly 
varied in character, as, for example, an alternation of shale and 
limestone. If the passage from one kind of rocks to another 
is gradual it may be necessary to separate two contiguous for
mations by an arbitrary line, a.nd the distinction between some 
such formations depends almost entirely on the fossils they 
contain. An igneous formHtion' contains one 01' more bodies 
of one kind of roek of similar occurrence or of like origin. A 
metamorphic formation may consist of one kind of rock or of 
seyeral kinds of' rock haying common characteristics or origin. 

'Vher:t it is dcsirable to recognize and lllap one or more 
specially developed p~l.l'ts 'Of a formation the parts are called 
members or by some other appropriate term, such as lenlik. 



AGE OF THE FOHMA'L'IONS. 

Geologie time.-The larger divisions of geologic time are 
called pe6ods. Smaller diyisions fire called epochs, and still 
smaller ones fire called slages. The age of a rock is expressed 
by the name of the time' division in '",hich it. was formed. 

The sedimentary formations deposited dnring a geologic 
period are grouped together into a The principal 
divisions of a Rystem are called IJcrWs. aggregflte of for-
mations less than a series is ea.lled a group. 

As sedimentary deposits necumulate successively the younger 
rest on the oldcl', and t.heir relative ages rnay be determined by 
observing their positions. In many l'egions of intense disturh
ance, llO"Never, the beds have been overturned hy folding or 
their relations to adjacent beds have heen changed hy fhulting, 
so tlwt it may be difIicult t.o det.ermine their relative ages from 
their present posit.ions at thc surface. 

Many stratiiied roeks containfolSsil,~, the remains or imprints 
of plants and animals whieh, at the time the strata were depos
ited, lived in bodies of water or were washed into them or 
were buried in surficial deposits on the land. Huch rocks are 
said to be -fossiliferous. A study of these fosl:lils has shown 
tlwt the forms of life at eaell period of the earth's hist.ory ,,,,ere 
to a great extellt different from the forms at other periods. 
Only the simpler kinds of marine plants and aniulflls lived 
when the oldest fossiliferous rocks were deposited. From tilHe 
to time more complex kinds developed, and as t.he simpler 
ones Ii ved on in nu)(hIied forms life became more varied. But 
during each period there lived forms .~hat did not exist in 
earlier times and have not existed since; these are chamciM'ist£c 
types, and they define the uge of any bed of rock in which 
they are found. Other types passed on from period to period 
and thus Ii" ked the systems t.ogether, forming a chain of life 
from the time of the oldest fossiliferous rocks to the present. 
If two sedimentary formations are geographically so far apart 
that it is impossible to determine their relative positions the 
characteristie fossils found in them may determine 'shich ,vas 
deposited first. Fossils an' also of value in determining the 
age of formations ill the regiolls of intense disturhance men
tioned above. The fossils found in the st.rata of diflerellt areas, 
provinces, and continents a.fford the most effective lllel-JUS of 
combining local histories into a general earth history. 

It is in Illany places difficult or impossible to dctermine the 
age of an igneous formatioll, hut the relative age of such a 
fo'nnat.ion can in geneml be ascl'rtuined by .observing whether 
an assocint(:'d setlimentary iOl'lllation of known age is eut by the 
igneous llH1Si:3 or lies upon it. Himilarly, the tillle at \vhieh 
metamorphic rocks weJ'e formed from the original masses may 
be shown by their l'elation!:! to adjacent formations of known 
age; hut the age recorded Oil the map is that of the· original 
masses awl not that of their JlIet'llUol'phism. 

Symbols, colors, and pat!cl'n",.-Each formation is shown on 
the lllap by a distinctive combination of color and pattern and 
is labeJed by a special letter symbol. 

Patterns composed of parallel Hlraight lines are used to 
represent sediHlPTltal'Y formatioJli:3 depoi:!ited in the sea, in lakes, 
or in other bodie!:! of standing wah~r. l'aitems of dots and 
eircles represent alluvial, glHcial, and eolian formations. Pat
terns of triangles and rhombs arc used for igneous formations. 
Metamorphie rocks of unknmvn origin are represented by 
shOd dashes irregularly placed; if' the rock is schist the dashes 
llIay be arranged in \yavy lim's parallel to the structure planes. 
Suitable combination patterns arc used for metamorphic forma
tions that are known to be of sedimentary or of igneous origin. 
The patterns of each class are printed in various colors. The 
colors in which the patterns of pumllel lines arc printed indi
cate age, a particular color being assigned to each system. 

Each symbol consists of two or more letters. The symbol 
for a formation whof:le uge is known includes the syst.em sym
bol, which is a capital iettCl' 01' monogram; the symbols for 
other formations are eomposed of slllallletters. 

The names of the geologic tillle divisions, arranged in order 
from youngest to oldest, and the eolor and symbol assigued to 
each system are given in the subjollled table. 

Geologic time di(ri.~i(J'/18 and syrniwls and colors assigned to the l'ocksystems. 

DEVF:LQ1':'lENT AND HIGKIFlOANCI'~ OF SURFACE .1:'0101S. 

Hills, yalleYJ:l, and all other snrfiwe forms have been pro
duced by geologic processes. Most valleys are the result of 
erosion by the streams that flow t.hrough t.hem (see fig. 1), 
and the alluvial plHins that horder muny streams were built 
up by the streams; 'waves cut sea clifls, and waves and ('urrents 
build up sand spits and hanl. Hnrfhce forms thus eOllstitute 
part of' the record of the history of t.lle earth. 

Some forms are inseparably eonneeted wit.h deposition. The 
hooked spit shown in iigure"1 is an illustration. To this class 
'belong beaches, alluvial plains, lava streams, drullliins (smooth 

oval hills composed of till), and moraines (ridges of drift made 
at t.he edges of' glaciers). Other forms are produced by erosion. 
The sea cliff is an illusrmtion; it may be carved from any rock. 
To this dass belong abandoned river ('hannels, glacial furrows, 
and peneplairis. In tbe making of a stream terrace an alluvh-ll 
plain is built and afterward partly eroded away. The shaping 
of a plain along a. shore is usually a double process, hills being 
worn away (degtaded) and valleys filled up ((Jggrl1ded). 

All p~Hts of the laud sur:bce Rre subject to the action of air, 
,Yater, and ice, which slowly wears them down, producing mate
rial that is earrie.d by streams towarct the sea. As this wearing 
down depends on the flow of water to the sea it can Hot be 
carried bBlow sea level, which is therefore called the base-lct'el 
of erosion. Lakes or large rivers may determine base-levels 
for eertain regIons. A large tract that is long undisturbed hy 
uplift or subsidence is worn down nearly to base-level, and the 
fairly even sllrfllce thus produced is called If the 
tract is afterward uplifted it becomes a 
close relation to base-level. 

THEl Gli~OIi)GIU l\-IA 1'S AND SHEETS IX 'I'HE FOLIO. 

Areal-gcology map. ~ The map showing the surface areas 
occupied by die seVeral formations is called an areai-i"oi,oqq 
map. On the margin is an explanation, which is the to 
the map. To ascertain the meaning of any color or pattern 
and its letter s}'m bol the rcader should look for that color, 
pattern, and symbol in the explanation, where he will find 
the nalllC and deseription of the formation. If he desires to 
find any particular formation he fl.hOlild examine the explana
tion and find its name, color, and pattern and then trace out 
the areas on the lllap cOl'l'e<lponding in color and pattern. 
The explanation shows also parts of the geologic history. The 
names of formations are arranged in columnar form, grouped 
primarily according to origin-sedimentary, igneous, and crys
talline ot -Unknown origin-and those within each group are 
placed in the oruer of uge, the youngest at the top. 

Economic-geology map.-The lIIap rf'presenting the distrilm
tion of w3eful mineral!; and rocks and showing their relations 
to the topographie features and to the geologic fomlations is 
termed tIw econorn-ic-geology rnap. Most of the formations 
indicated on thc a.real-geology map are shown on the economic
geology map by patterns in fainter eolors, but the areas of 
product.ive formations are emphasized by strong' colol's. A 
llline symhol shows the loeat.ion of each mine or quany and 
is accornpnnied by the name of the principal mineral produet 
mined or (luarried. Tf there are import.ant mining indust.ries 
or artesian baJ:lins in t.he area the folio includes speciul maps 

these addit.ional eeonomie features. 
Siruciar,·seci,:ou .~Jreet.-The reIn.tions of different heds to 

one another IlIay he seen in cliffs, canyons, shafts, a~d otJlOr 
nat.ural and artifi('ial cuttings. Any cutting that exhihitR these 
relations is ealletl a section, and the same term is applied to a 
diagram representing the rellltiollS. The nrrangelllf'llt of' the 
bcds or masses of rock in the earth is called slrueture, and a 
section showing this arrangement is called a structuTe sedion. 

The geologict is IIOt limited, however, to natural and arti
ficial euttings fbI' his information concerning the earth's strue
ture. Knowing the manner of formation of rocks, after tracing 
out the relations of the beds on the surfhee he can infer their 
relative pORitions beneath the surface and can draw sections 
representing the proba.ble struet.ure to a. considerable depth. 
Such a section is illustrated in figure 2. 

FIGUnE 2.-Sketch ~howing a vertiea] serf-ion below the surface at the front 
and a view beyond. 

The figure represents a landscape that is cut off sharply in 
the foreground on a vertical plane, so as to show the under
ground relations of the rocks. The kinds of rock are indicated 

S.m<i"tonealldColl· 
glomel' .. te 

ShalyslI.lldstone 

FIG-URE B.-Symuols used ill sections to represent diITerent kinds of rock. 

by a.ppropriate patterns of lines, dots, Hlld dHshes. These pat
terns ltdlllit of much variation, but tlJOSC shown in figure 3 are 
used to represent the commoner kinds of rock. 

The plat.eau shown at tIle left of figure 2 prf'sents toward 
tJw lower land an escarpment, or front, made up of sandstone, 
which fOl'lln:l the difl~"lHHl Rhall', which forms t.h(:' slopes. The 
hroad belt of low(.'r land is traversed by seyeral ridges, whieh, 
as showu in t.he section, correcpollli to the oltjcrops of a folded 
bed of sandstone that ris(:s to the surface. The npturned 

of' thi'l bed form tJIC ridges, awl the intermediate valleys 
the outcrops of limestone and caleareolls shale. 

'Vhere the edges of the beds R ppeal' at the surface their 
thiekne:,;s can be meal'lUrecl and the angles at which they dip 
below the 8urii.we can he obsened, Hnd by JIleans of these 
obsel'vutiollc their positions underground are inferred. The 
direction of the intersection of tbe surface of' a dipping bed 
'with a horizontal plane is called its slr-ilee. The inclination of 
the bed to the horizontal phme, measured at right angles to 
the strike, is called its dip. 

In many regions the beds are bent into troughs and arch-es, 
such us are seen in 2. The flrc\ws are ealled anticlines 
and tbe troughs As the materials that formed the 
sandstone, shale, and limestolle were deposited beneath the sea 
in nearly flat layers the faet that the beds are no\v bent and 
foldetl shows that forces ha ye from time io time caused the 
earth's crust to wrinkle along certain zones. In places the 
beds are broken aeross and the parts hayc' slipped past eaeh 
other. Such breaks are t.ermed faults. Two kinds of faults 
arc shown in figure 4. 

. 
IPIGURE 4.-IU(~:ll sl:et.joIls of broken and bent st.rata, showing (a) normal 

fll.ult~ and (b) a tlwllgt or reverse fault, 

At the right of figure 2 t.he section shows schists that are 
truve1'8ed by igneous rocks. The schists :Ire much contorted, 
and tllC form or arrangcl.nellt of their masses underground ean 
not be iuferl'ed. Benec that parL of the seetion sho\'vs only 
what is probable, not what is known by observation. 

Thf~ section also shows three sets of formations, distinguished 
by their ullderp;round relations. The uppermost set, seen at 
tlw left, is made up' of beds of sandstone alld shale, ,yhich lie 
in It hOl'iwutJlI position. These beds were laid dOWll under 
water bnt are HOW high aoo\'e thc seH, forming a plateau, and 
L!.teir change of altitude shows that this part of' the earth's 
slirHlCe has been uplifted, The heds of this /:iet Hre con
formable-that is, they arc parallel ami show no break in 
sedilllcntntion. 

The next lowel' set of formations ('ollsists of beds tJwt are 
folded int.o a.rches and t.roughs. The beds were once contin
uous, but the crests of the arcbel:l ]11\"e been removed by erosion. 
Tht'se beds, like those of the upper set, are conformable. 

The horizontal·beds of the plateau rest upon the uptul'lleu, 
eroded edges of the beds of the middle set, as ShOWl] at the left 
of the section. The beds of' the upper set arc evidently 
younger than those of the middle set, whieh must have been 
folded and eroded between the time of their deposition and 
tJIHt of the of the upper beds. Tlw upper beds are 

to the middle bed~, Hnd t.he surface of con tad 
is an unconjonnity. 

The l(mest set of formations con~ists of erystallille Rchists 
and igneous rocks. .At Home periotl of their Itistory the sehists 
were folded or plicatetl by pressure and intruded by lIla-sses of 
molten rock. The overlying beJs of the middle set have not 
been traversed by these iutrusive rocks nor have they been 
affect.ed by the pressure of the intrusion. It is eviderit that 
considerahle time elapsed between the formation of the schists 
and the beginning of the deposition of the beds of the middle 
set, aIld during this time the schists were metamorphosed, 
disturbed by the intrusion of' igneous masses, and deeply 
eroded. The contaet between the middle and lowest selli is 
another unconfbrmity; it marks it period of' el'08ion between 
two periods of deposition. 

The section and landscape in figure 2 arc ideal, but they 
illustrate aetual relations. The sections on the structure
section sheet are related to the mups ill much the same way' 
that the section in the figure is related to the landscape. The 
profile of' the surfllce in each structure section corresponds to 
the aetual slopes of tile ground along thc section line, and 
the depth to any lIlinera.l-pl'udl1eing or water-bearing bed 
ehowu lllU.y be me.asul'ed by u~iug the scale given on the map. 

ColumnaT sect-ion.-Many folios inelude a culwlJ([w,}" section, 
which contains brief' deseriptions of the sedimentary formations 
in the qllaurangle. It ,,,hows the eharader of the rocks as well 
as the thickness of the fOJ'mations and tJw onler of' their uccu
mulatiol!, the oldest at the bot.tom, the youngest at the top. It 
also indicntes intervals of time that cOlTcspond to ewmts of uplift 
and degradation and constitute interruptions of'deposition. 

'rlU!': TEXT OF 'I'HE FOLIO. 

The text of' the folio states briefly the relation of the a.rea 
llI11pprd to the general region in whidl it is situated; points 
out the sa.lieut natul'<ll featllre~ of the geography of the area 
and indicntes their anJ their history; eonsiders 
the cities, towns, l'a.ilroads, and other human features; 
deseribes the geology aud the geologie Jlistory; and shows the 
eliarader ami the I.ocnt.ion of the vallLable mineral deposits. 

Gw)[-w E OTIS S;>.UTlI, 

January, 1£122. Director. 



DESCRIPTION OF THE CARLYLE AND CENTRALIA 
QUADRANGLES. 

INTRODUCTION. 

POSITION AND GENERAL RELATIONS. 

The Carlyle and Centralia quadrangles, which comprise the 
area described in this folio as the Carlyle-Centralia district, are 
bounded by pamllels 38° 30' and 38° 45' and meridians 89° and 
89° 30', They cover an area of' 466.56 square miles in south
western Illinois (see Fig. 1), most of which lies in Clinton and 
Marion counties, though it includes small parts of Bond, Fayette, 
and Washington counties. The principal towns in the area are 
Centralia, Carlyle, Sandoval, Odin, and Beckemeyer. 

The quadrangles were sur\ .. eyed under an agreement for 
cooperation between the United States Geological Survey and 
the Geological Survey of Illinois. Certain quadrangles in 
Illinois are being surveyed exclusively by the State Survey, 
others by the Federal Survey, and still others by both sur
veys in cooperation. Both the field and the office work for 
this folio were done entirely by the United States Geological 
Survey, but the coals were analyzed and the results of the 
analysis and some additional analytical data were furnished 
by the State Survey. 

FIGURE 1.-Index lllap of southern Illinois and parts of arljacent Stat.e~. 
The location of the Carlyle and Centralia quadrangles (FOlio 216) Is shown by the d.uker rollng. 

Publiahed foliOS. descri1)Ing other quadrQngles, which are shown by lighter rullog, include 
FolIos 61, Dam·me: 84. Dltney: lOll. Patoka; 185, Murphysboro·HelTln; lS~, Tallula·Spring. 
field; 19.5, Belleville-Breese; and 218. New Athens·Okawvllle 

In its -physiographic and geologic relations this area forms a 
part of a great region of rolling plains, the surface features of 
which are to a large extent a product of glaciation. In the 
New Athens-Okawville folio (No. 213) these plains are called 
the" Glaciated Plains province," but the region has recently 
been reclassified, and the Carlyle and Centralia district is 
included in what is now called the Till Plains section of the 
Central Lowland province-a belt of comparatively low land 
that occupies the central part of the continent. 

CENTRAL LOWLAND PROVINCE. 

GEOGRAPHY. 

General relation-8.-The Central Lowland province, which 
consists chiefly of' glaciated plains, is bordered on the east and 
southeast by the Appalachian Highlands, on the south by the 
Ozark Plateaus and the Interior Low Plateaus, and on the 
west by the Great Plains province. It extends northward into 
Canada. where it lies west of the Superior Highlands. 

Physiogmphic jeatu1·e-8.-The province is not very sharply 
separated in its physiographic features from the adjoining 
physiographic units, for it differs from most of them chiefly 
in the de~ree of the dissection of its surface. The a.Ititude of 
the surface has a considerable range. The water level of the 
Mississippi, in the southern part of the province, is only 
about 300 feet above sea level, but in its western pa.rt the 
province rises to an altitude of 1,500 feet. The province 
presents a distinct contrast to the smrounding provinces, how
ever, in that it consists of a more or less rolling plain having 
a lower average altitude, ranging generally from 500 to 1,200 
feet above sea level. 

By Eugene Wesley Shaw. 

One of the principal featmes of the province is the valley of 
the Mississippi, which is flat bottomed, steep sided, and gener~ 
ally 3 to 6 miles wide and 200 to 400 feet deep. 1\Iost of the 
tributaries of the Mississippi, which are less powerful eroding 
agents, flow in valleys that are irregular in width and depth 
and have indirect courses. In general the basin of the Great 
Lakes was originally forested and the Mississippi Basin was 
not, so that about half of the province was prairie. 

The Central Lowland lies within and includes most of the 
upper Mississippi basin and the southern part of the Great 
Lakes or St. Lawrence basin, though the southern tributaries 
of the Ohio and the western tributaries of the Missouri drain 
parts of adjacent provinces. The run-off of the western, cen~ 
tral, and southern parts of the province flows to the Gulf of 
Mexico by way of the Mississippi. That of the northern and 
eastern parts flows into the Great Lakes, and thence, after losing 
part of its volume by evaporation, it passes by way of the St. 
Lawrence to the Atlantic Ocean. The watershed between these 
drainage basins is very irregultlr and ill defined and is so low 
as to be scarcely perceptible. 

Throughout most of the province there are many poorly 
drained marshes and swamps, the streams have irregular courses, 
and lakes are numerous. The poor drainage is due to conti
nental glaciation. The ice blocked many drainage lines and 
on melting left a sheet of debri~, in places several hundred feet 
thick, which filled many of the old valleys. Where the drift 
is thick the drainage systems were considerably modified, and 
they are now only slowly regaining their former condition. 
Several sheets of till were deposited at different stages of the 
glaciation. An irregular belt along the west and south sides 
of the province was not covered by the later glaciers, and in 
this belt the streams have had time to deepen their channels, 
so that it is well drained. Throughout most of the province, 
however, the streams flow in irregular courses and have uneven 
profiles and the drainage systems have little symmetry. 

The average discharge of Mississippi River at Menard, Ill., 
about 70 miles below St. Louis, is abont 187,230 cubic feet per 
second. 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 show that the river carries 
annually past Menard about 142,400,000 tons of sediment 
and about 52,650,000 tons of material in solution. The 
surface of the basin above Menard is thus being worn off at an 
average rate of about 1 inch in 700 years. 

Climate and '/;'egetation.-Throughout most of the Central 
Lowland the annual precipitation is 30 to 40 inches, somewhat 
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 crops suffer from droughts in August. 

A considerable part of the Central Lowland 'was once 
forested with deciduous trees, and the remainder was prairie. 
In general the rougher areas-the valley sides and the morainic 
hills-were forested and the flatter areas were prairie. Many 
small tract~ of woodland still remain, and some areas are being 
reforested, but most of the land is under cultivation. 

GEOLOGY. 

The rocks underlying the Central Lowland include igneous, 
sedimentary, and metamorphic varieties that range in age from 
pre-Cambrian to Recent, or from the oldest known rocks to the 
youngest, though many epochs are not represented by beds of' 
rock, and no one formation underlies the whole province, fqr 
the shifts from deposition to erosion have been numerous, and 
some of them have involved the whole province. 

In eurlier geologic time the sea at several times 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 
aboye it but was modified throughout by gentle and more or 
less continuous warping, which allowed the sea to advance and 
retreat irregularly and brought about from time to time and 
place to place not only the deposition of marine sediments and 
the erosion of the surface of the land but sometimes, especially 
in the Pennsylvanian epoch, the deposition of material upon 
the land. Since the close of the Paleozoic era the entire 

province seems to have stood 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 consist of igneous and meta
morphic rocks of complex structure. Upon their deeply 
eroded and planed surface rest all the later strata-the shales, 
sandstones, limestones, and unconsolidated rocks that outcrop 
throughout the province except where the pre-Cambrian rocks 
themselves lie at or near the surface. 

The Central Lowland seems to contain no deposits of Lower 
and Middle Cambrian age, but deposits of Upper Cambrian 
age occur in most of its middle and southern parts. In the 
upper Mississippi Valley the Cambrian strata are from 400 to 
more than 1,000 feet thick and consist principally of sandstone 
and shale. Limestone seems to have been but slightly devel
oped here or elsewhere in this province in Cambrian time, but 
to the south and ·west, in southeastern Missouri, Oklahoma, 
and central Texas, the Upper Cambrian rocks include con~ 
siderable 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 exten
sive. The seashore migrated widely during this period, and 
the deposits laid down are now divisible into many formations. 

The Silurian system is made up of dolomite and limestone 
and some shale. The numerous layers, or most of them, were 
laid down in shallow seas, which 'were surrounded by low-lying 
land. None of these seas covered the whole province. 

The Devonian system is best represented in the eastern, 
southern, and western parts of the province, where its greatest 
thickness is several hundred feet, in most places less than 
1,000 feet, though in a few places it is somewhat thicker. In 
the central part of the province the Devonian series is thin, 
and toward the north it thins out entirely. In western Illinois 
it consists chiefly of blue fossiliferous limestone overlain in 
places by black carbonaceous and commonly fossiliferous 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 area occupied by the sea was comparatively small 
in the early part of the period. 

In the eastern part of the province the Mississippian series 
consists of clastic rocks having a thickness of 1,000 feet or 
more, but in the central and ·western parts it consists largely of 
thick beds of limestone containing lenses of shale and sand
stone and having a total thickness of 300 to 800 feet. In the 
Mississippian epoch, as in preceding epochs, the extent and 
depth of the sea yaried considerably and the earth's crust was 
extensively warped, especially near the end of the epoch, when 
large bodies of sand were deposited. The Pennsylvanian 
seriE's is made up largely of rather sandy shale but includes 
milch sandstone and some limestone and coal. The area of its 
outcrop is greater than that of any other series of rocks in the 
province. .Many of the beds are lenticular bodies of small 
extent, but some of the beds of coal and limestone can be 
traced continuously oyer hundreds of square miles. The COIl

ditions in Pennsylvanian time were markedly different from 
those that prevailed in the preceding epochs, for between 
periods of submergence 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 neal' Danville, Ill., and extensive Permian 
deposits occur also to the southeast, in West Virginia and 
Ohio, and to the south west, in Kansas. The Permian deposits 
resemble in lithologic character those of the underlying Penn
sylvanian series except that they contain less coal and that in 
the western part of the D,nited States they are generally red
dish. During this epoch most of the province seems to have 
stood above sea level, and much material vms carried from it 
into other pro\Tinces. 

Rocks of' post-Carboniferous age, except those of the Qua
ternary system, are rare in the Central Lowland. Throughout 
Mesozoic and Cenozoic time all of this region except its north
western part stood considerably above sea level, and the land 
had sufficient slope to permit practically all the loose material 
in it to be carried into lower areas. The surface of the 
province has apparently been brought to its present level by 
several minor uplifts aud possibly also by some subsidence. 



The record, howeveI', 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 hard to dis
tinguish low plateaus due to hard rock from those due to inter
ruptions of elevation. Furthermore, it is hard to determine 
the age of features that appear to mark stages of elevation and 
erosion, owing to difficulties in correlating them with deposits 
of known age, but it is evident that at the time of the princi
pal uplift of the A ppalachian and Ozark mountains the borders 
at least of the Central Lowland were also uplifted. 

The older rocks almost throughout the province are covered 
with Quaternary deposits, which consist principally of glacial 
drift-material very different from any previously deposited 
within the area-but they include also stream, lake, and wind 
deposits. At several times continental glaciers entered the 
province from the north, bringing great loads of gravel, clay, 
and ~and and remodeling drainage systems. 

In certain areas in the province the older rocks crop out at 
many places, hut in others, some of which cover ,vhole counties 
and even groups of counties, they are completely concealed by 
a mantle of unconsolidated glacial drift, which in places 
reaches a thickness of several hundred feet. Even in the 
Driftless Area most of the surface is covered either with wind
deposited loess or stream deposits. 

The structure of most of the hard rocks that underlie the 
surficial deposits in the Central Lowland is comparatively 
simple. In the greater part of the province the beds lie nearly 
flat, their regularity being broken only by small faults and 
low, broad folds. The pre-Cambrian rocks that outcrop in 
\Visconsin, Minnesota, and northern Michigan, however, are in 
some places so much folded, contorted, and faulted that their 
structure can be worked out only with difficulty. The struc
ture of the Paleozoic rocks includes local more or less pro
nounced irregularities, but the larger structural features of the 
province are a low, broad arch on the southeast, known as the 
Cincinnati anticline, which lies in part within the Appalachian 
Plateau and which is divided north of Cincinnati, where it is 
highest, one branch running toward Lake Erie and the other 
toward Lake Michigan; a shallow basin that is practically 
coextensive with the Lower Peninsula of Michigan; another 
basin that occupies most of Illinois and south western Indiana; 
a still broader basin that extends westward from the Missis
sippi across Iowa and Missouri into the Great Plains; and a 
broad arch that lies in Wisconsin and Minnesota. 

The basins contain the great coal fields known as the north
ern interior, eastern interior, and western interior coal fields. 
East ·of the province lies another basin which contains the 
Appalachian coal field. Around each basin the strata crop out 
in concentric belts, the youngest in the middle and the oldest 
around the outer border. Thus, for example, beds that are 
1,000 feet above sea lev.el in northern Illinois are more than 
2,000 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 stand several thousand feet above the 
present surface in central Wisconsin .. The movement that 
formed the domes, basins, and other structural features of the 
province seems to have begun earl.r in the Paleozoic era, but 
the greatest movement seems to have occurred near the end 
of the Carboniferous period. 

GEOGRAPHY. 

SURFACE FEATURES. 

The surface in the Carlyle-Centralia district is one of com
paratiyely slight relief and gentle slopes. In view of the great 
distance of the district from the sea its altitude is low. Its 
highest point, which stands more than 580 feet above sea-level, 
is the summit of Pelican Pouch Hill, about 4 miles southwest 
of Carlyle, and its lowest point, about 400 feet, is a point in 
the valley of Kaskaskia River where that stream crosses the 
southern border of' the Carlyle quadrangle. The surface fea
tures are due ill part to the character of the original surface 
left by the ice and in part to stream erosion. Much of the 
area forms a comparatively flat upland that stands 450 to 560 
feet above sea level. Above the level of' this generally smooth 
surface rise morainic hills, particularly in the northern and 
southern parts of the Carlyle quadrangle and along the eastern 
border of the Centralia quadrangle, and below it the streams 
have carved valleys that are at some places 1 to 2 miles wide 
and 50 to 100 feet deep. 

The area contains four rather distinct varieties of topo
graphic forms-morainic hills and drift ridges, upland prairies, 
erosion slopes, and flood plains. 

Upland prairies.-The upland that comprises more than 
half the area of the district is generally flat and differs from 
other parts of the area in being largely nnforested. In .the 
Carlyle quadrangle the flat upland stands about 470 feet above 
sea level. In the Centralia quadrangle the altitude rises east
ward to about 550 feet along its eastern margin. The area of 
flat upland is being slowly but continuously reduced by the 
widening of the valleys and the headward extension of small 
tributaries. In the Centralia quadrangle, perhaps because of 
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the greater slope of the surface, the upland is more irregular 
in outline and more diverse in topographic form. In the 
central and western parts of this quadrangle the upland is 
still extensive, though it is cut by half a dozen or more 
long, shallow valleys. In the northeastern and southeastern 
parts the upland is more intricately dissected, but most of 
the prairies that occupy the divides are from a mile to several 
miles broad. 

The remarkable smoothness of the upland prairies is due in 
part to the fact that a mantle of glacial drift was so spread over 
the preglacial surface as to form a. plain and in part to the fact 
that the preglacial surface was itself a plain of slight relief. 

.2lforainic hillB and drift 1·idges.-The general flatness of the 
upland is relieved at many places, especially in the Carlyle 
quadrangle, by hills that rise abruptly from the plains and 
form impressive features of the landscape. The hills are of 
three rather distinct forms-nearly round, elonga.re, and irreg
ular. A typical round hill stands in the northwest part of 
Wheatfield Township. It has an altitude of more than 40 feet 
and a width of nearly half a mile. Other round hills are in 

Erosion slopes.-Forested bluffs, most of them 50 or 60 
feet high, form the sides of the valley of Kaskaskia River. 
Nearly all these bluffs were formed in the unconsolidated 
material of the drift, and therefore none of them except some 
low ones that were formed in loess are very steep. In some of 
the tributary valleys, however, layers of hard rock have formed 
benches. Along the east part of Kaskaskia River southeast of 
Patoka the sides of the valley are especially rocky, and at a few 
places they are precipitous. The valley of Crooked Creek 
north of Centralia has also been formed in hard rock, and the 
surface there is correspondingly rough. Most of the other 
tributary valleys have steep sides along their lower courses and i 
low, gently sloping sides near their heads. ' 

J?lood plains.-The flood plain of Kaskaskia River is an 
even surface that stands about 15 feet above low water. Its 
"dth is extremely irr~ula.r, ranging from scarcely half a mile 
to nearly 3 miles. (See Fig. 2.) It includes some depressions 
that mark abandoned parts'of the river channel, many of which 
contain water. The flood plains of Crooked Creek and East 
Fork of Kaskaskia River are similar depressions, though they 

~-------------------------------'r=-, are not so broad nor so irregular in 
width. Most of the flood plains of 
the smaller streams are less than a 
quarrel' of a mile 'wide and extend 
headward to or beyond the places 
where the streams become inter
mittent. 

DRAINAGE. 

The Carlyle-Centralia district is 
drained into Kaskaskia River, which 
flows in general southward to south
westward across the Carlyle quad
rangle. The drainage basin of the 
Kaskaskia as a whole is long, nar
row, and shallow. Its width ranges 
from 30 to 60 miles, and its area 
above Carlyle is about 2,720 square 
miles. 

The river is very crooked, its 
length being almost twice the length 
of its valley. At ordinary stages it 
is about 200 feet wide, and it ranges 
in depth from 1 foot to 20 feet. The 
surface near it is low and only slightly 
undulating, and the average fall of 
the river is scarcely a foot to the 
mile. Its range between high and 
low water amounts to 25 or 30 feet, 
and its discharge ranges from about 
250 to about 2,500 cubic feet per 
second, but at times in some parts 
of its course it runs nearly dry, Its 
average discharge is estipmted at 
0.74 second-foot to the square mile 
of it.s drainage basin. 

rrhe construction of drainage 
ditches has,no doubt increased the 
range between high and low water, 
and the draining of the bottom land 
of the river will probably increase 
still further the height of floods. 
Most of the bottom land is flooded 
so frequently as to render it prac
tically useless for agriculture, and 
therefore certain areas, such, for 

FIGURE 2 -l:Iottom lands in Kaskaskia River valley from Holliday, Ill., to the junction of Ka.ska.skia. River with example, as one including 2 or 3 

Shows Jrregular wIdth of the valley and narrow sectlon near th:h;o~~S;:S~~~:~Br; also numerous meanders of the rIver over ita ftoDd plain· square miles southeast of Bartelso, 
, have been protected by levees. 

the northeast corner of this township, 2 to 4 miles northwest 
of Beckemeyer, 2 miles south of Huey, and 4 miles southeast 
of Odin. 
Th~ most striking elongated drift ridge is Pelican Pouch a.nd 

its continuation in the ridge that extends westward north of 
Bartelso. This ridge, like most of the others, has a rather 
uneven crest. Its highest point is not far from the river and 
stands more than '580 feet above sea level. From this point 
the crest slopes westward somewhat irregularly, and in about 
2 miles it reaches an altitude a hundred feet lower, almost as 
low as the surface of the upland prairie. Thence westward for 
4 miles its altitude ra,nges from 470 to 530 feet. Another con
spicuous elongate ridge stands 2 miles northeast of Posey. It 
is one-fourth to one-half mile wide and 15 to 50 feet high. 
Other elongate ridges are prominent features southwest of 
Keyesport. 

Most of the hills of irregular outline are somewhat oval. 
Two striking exa.mples stand just east of Carlyle and another 
stands 4 miles to the southeast. Hills of this type are especi
ally numerous near Keyesport. 

All these hills form parts of an extensive system of drift 
ridges that occupies a belt 20 to 30 miles wide, which in 
general trends paraUel to the Kaskaskia and extends from 
Shelbyville, Ill., to the Mississippi. 

The river is generally muddy, decidedly so at times of high 
water, when it carries large quantities of sediment to the Mis
sissippi. It carries an even larger amount of mineral matter in 
solution than in suspension, and by the loss of material that 
supplies matter thus carried the surfa.ce of the region is being 
continually lowered. 

The gradients of the streams range from that of the KasR 

kaskia, which is less than a foot to the mile, to that of its inter..; 
mittent tributaries, which is commonly 15 and at a few places 
20 feet to the mile. The fall of Crooked Creek and East Fork 
is almost as low as that of the Kaskaskia. 

A considerable area is without definite stream channels, 
though it has been in process of reduction ever since Illinoian 
time, when many o£ the valleys of southern Illinois were oblit
erated by glacial deposits. The principal tracts of flat upland 
with ill-defined drainage lines lie between the Kaskaskia and 
Beaver Creek and in the central part of the Centralia. quad
rangle. In deep indentations in the border of these areas 
small streams rise in ill-defined depressions in the prairie, 
and as they are fed here and there by springs, which com
monly rise at the contact of the porous surface loess and the 
underlying boulder clay, they are perennial in pa-rts of their 
courses and intermittent in other parts where there are 110 

springs near by. 



SETTLEMENTS' AND INDUSTRIES, 

The area included in the Carlyle and Centralia quadrangles 
is rather thickly though not densely populated. The largest 
town, Centralia, had a population in 1920 of 12,491, and the 
area within a few miles of its center is one of the most thickly 
settled in southern Illinois. Other towns, including Carlyle, 
Beckemeyer, Sandoval, and Junction City, have a population 
of about 2,000 or less each. The area outside the towns is 
\vell settled, the houses being on the average not more than 
half a mile apart. 

)108t of the surface is under cultivation, and agriculture is 
probably the industry of first rank in the district, though 
38veml thousand men are employed and hundreds of thousands 
)f dollars are invested in coal mining. The industry of third 
rank is probably that of exploiting petroleum. There are two 
well-defined producing pools in the district and another that is 
ill defined, and several prospect wells are sunk outside of' them 
every year. There are plants for refining zinc just east of 
Beckemeyer and Sandoval, and there are many small factories, 
principally at Carlyle and Centralia. 

Several railroads-the Illinois Central, the Chicago, Burling
ton & Quincy, the Southern, and the Illinois Southern-enter 
Centralia, and the Baltimore & Ohio Southwestern crosses the 
central part of' the district from east to west. Most of the 
wagon roads follow land survey lines, and hardly any point 
in the district is more than half a mile distant from a public 
road. Few of the roads are macadamized. 

VEGETATION AND CLIMATE. 

More than half the Carlyle-Centralia district, including all 
the flatter parts of the upland, was originally prairie, but the 
rougher parts were forested with the kinds of trees that are 
common in the northeastern part of the United States. Ever
greens, however, are not abundant, and several of the trees, 
sucb as the gums and the pecans of the river bottoms, are more 
characteristic of southern forests. Several of the smaller 
plants, such as the small cane, are also southern species. Much 
of the land has been cleared of its original forest and put 
under cultivation, tllOugh some of the forest remains and small 
tracts are being reforested. 

The climate of the district is subject to somewhat larger and 
more rupid variations in temperature and a slightly higher 
a verage humidity than that of other parts of the northeastern 
United States. The annual rainfall is about 45 inches and is 
almost evenly distributed through the year. 'rhe swampy 
bottom land, little of which has been cleared of its original 
forest, is malarial, and few people live in it, although some of 
of it has been protected from floods by levees. 

GENERAL GEOLOGY. 
STRATIGRAPHY. 

CHARACTER AND AGE O}' THE ROCKS. 

All the consolidated rocks that lie neal' the surface in the 
Carlyle-Centralia district are sedimentary and consist in part 
of shale, sandstone, limestone, and coal belonging to the 
McLeansboro formation, of the Carboniferous system. These 
rocks are actually exposed in comparatively few places, being 
almost everywhere buried under beds of loess, glacial till, and 
alluvium that are from 1 to 100 feet thick. 

Information concerning the rocks of older Carboniferous 
formations and those of the Devonian system is afforded not 
only by the rocks that lie near the surface but by records of 
borings made for oil and coal. All these rocks are doubtless 
underlain by still older ones, such as those which outcrop in 
Alexander County, Ill., and in the St. Francis Mountains, 
)fo., and they were penetrated in a deep ·well at 1\1ascoutah, 
St. Clair County, Ill., a short distance southwest of the Carlyle
Centralia district. 

The strata kno·wn from drill records are shown in the 
colnmnar section (Fig. 3). 

ORDOVICIAN SYSTEU. 

The Ordovician system is probably made up of four prin
cipal divisions. The lowermost division, a magne~ian lime
stone, is several hundred feet thick and has not been reached 
in any of the deep wells in or near the district. The second 
di vision is the St. Peter sandstone, which has been reached in 
deep \vells at :J.fascoutah and Mon.ks Mound, in St. Clair 
County, west of the district. This rock is a porous sandstone, 
100 feet thick or more, and is made up of well-rounded 
grains of sand. 

Above the St. Peter sandstone there is several hundred feet 
of rock which is predominantly dolomite, though it includes 
some limestone and a little shale, particularly in its lowermost 
part. This rock is frequently called the "Galena-Trenton 
limestone" because it has been supposed to be, in part at least, 
of the same age as the Trenton limestone of N ew York and 
other States and the Galena dolomite of northwestern Illinois, 
but the beds in this part of the State are regarded by some 
geologists as older than the Trenton. They are here called 
the Plattin and Joachim limestones. 

Carlyle-Centralia. 
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The uppermost division of the Ordovician system in or near 
the quadrangles is of Cincinnatian age and embraces the Rich
mond group and the Kimmswick limestone, which are more 
or less shaly.' 

I; I 
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~ Whether the dt~. Geneyieve limestone should I>e included in the Chester group Is undecided 
by the United States Geological Sul't'ey. 

"Devon!anandSnu~lanSY8temsprobablyrepresentedbydeposlt"in80melocallties. 

FIGURE 3.-Generallzed columnar section of rocks underlying the Cal'lyle 
and Oentralia quadrangles. 

SILURIAN SYSTEM. 

The Silurian system, which includes the Niagara group (the 
basal formation of which in New York and other eastern States 
is the Clinton), is probably thin, if it is present at aU, in the 
Carlyle-Centralia district. Records of the wells so far drilled 
are not sufficiently detailed to make identification of its units 
possible. 

DEVONIAN SYSTEM. 

The Devonian system is for the most part also difficult to 
identify from ordinary well records, but a hard black shale 
that lies in the uppermost part of this system has been recog
nized in samples of borings from two wells, the records of 
which are given below. Some of the limestone and sandstone 
found beneath this black shale also belongs to the Devonian 
system. 

These logs do not show great detail, and ~ome of the 
measurements are probably inexact, but they are no doubt 
sufficiently accurate to give a general idea of the succession of 
rocks. 
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The Carboniferous, the thickest and economically the most 
important system of rocks in southern Illinois, falls naturally 
into two markedly different series. The lower series, the 
Mississippian, is composed of limestone that includes inter
bedded shale and sandstone in the upper part, and the upper 
series, the Pennsylvanian, is composed of soft shale and sand
stone together with numerous thin beds of limestone and 
several more or less lenticular beds of coal. The Permian, 
which in some regions forms the uppermost series of the 
Carboniferous, is not found in southern Illinois. The individ
llal beds differ somewhat in character from place to place, but 
the Carboniferous system as a whole is uniform throughout 
thousands of square miles in the central part of the l\lissis
sippi basin. It differs, however, from the same system in the 
Appalachian basin. In the Pennsylvanian series of the :J.1is
sissippi basin much of the shale is greenish gray, very soft, 
and poorly laminated, whereas in the Appalachian basin it is 
darker and harder and contains many beds of whitish clay. 
In the western area also the Mississippian series contains chiefly 
limestone, whereas in the eastern area it is composed largely of 
sandstone. 

::\IISSISSIPPIAX SERIES. 

The rocks of the lower part of the :\fississippian series in the 
Carlyle-Centralia district are not much better known than the 
underlying formations. They are extensively exposed, how
ever, in the 'Vaterloo and other areas to the west, where they 
have been studied in detail by 'Veller.l The lowermost 
beds constitute the Kinderhook group, which consists of lime
stone, sandstone, and shale, the proportions ranging through 
wide limits. At the top of the Kinderhook in this region is a 
reddish stratum known as the Fern Glen limestone member, 
which affordl'l a means of ·correlating well records, for it is 
usnally noted by drillers on account of its red color. It also 
contains an organic fragmental limestone of' somewhat charac
teristic appearance. 

Above the Fern Glen limestone member lie in ascending 
order the Burlington and Keokuk limestones, of the Osage 
group, which are commonly identifiable in wells from their 
stratigraphic position and their cherty char~ter. They are 
much more uniform than the Kinderhook and consist largely 
of crinoidal cherty limestone. 

Above the Keokuk limestone lies the Meramec group, con
sisting, in ascending order, of the VV.,. arsaw shale, the Spergen 
limestone, and the St. Louis limestone, the three formations 
having a combined' tlticklless in the region of 400 to 500 feet. 
The Warsaw is usually composed chiefly of bluish shale, and 
in most places is readily separable from the upper formation of 
the Osage group, the cherty Keokuk limestone. Northwest 
of the district it is extensively developed, but within the dis
trict it is commonly wanting and the Keokuk is shaly, so that 
in well records the strata are difficult to identify. The succeed
ing Spergen limestone is a nearly pure light-gray limestone 
which is at some places oolitic or very fossiliferous, containing 
many brachiopods and fenestelloid Bryozoa. Some of the beds 
are dolomitic. The St. Louis limestone is composed of' light 
to dark gray generally fine-grained limestone, including local 
beds of shale and shaly limestone. It is better known than 
the underlying formations, for it crops out extensively in the 
bluffs along the Mississippi, and it is usually noted in drilling 

1 Weller, Stuart, Mississippian Brachiopoda 01 Mississippi Valley ha~in: 
Illinois Geol. Survey MOIl. 1. pp. 12-20, 1914. 



wells because it'is thick, resistant, and cherty. In fact, well 
drillers generally use it as an index stratum and refer to it as 
the "Mississippi lime." It is about 300 feet thick and is not 
very fossiliferous. Some of its beds are brittle and resemble 
lithographic stone. Very little dolomite has been found in 
the formation in this region. 

The St. Louis limestone is overlain by an oolitic limestone, 
the Ste. Genevieve, which generally consists of very pure 
calcium carbonate. In southern Illinois this limestone is com~ 
paratively persistent, though absent in places. It outcrops in 
the vicinity of Ste. Genevieve, Mo., about 45 miles southwest 
of the Carlyle~Centralia district, and is found in drilling wells 
at places eastward to Indiana. In the oil fields of southeastern 
Illinois it is known as the McClosky sand. It is separated 
from the underlying St. Louis limestone by an unconform
ity, as shown by the uneven surface of the lower forma
tion and the solution channels in that formation which 8.re 
filled with oolite. In many places the Ste. Gene'vieve includes 
sandstone and in some places shale and chert. Its greatest 
thickness in the vicinity of the Carlyle-Centralia district is 75 
feet. The oolite is commonly cross-bedded and in a few places 
arenaceous. The cross-bedding is especially well developed 
near its base. Whether the Ste. Genevieve limestone properly 
belongs to the Chester group or to the Meramec group is 
undecided. 

The rocks of the Chester group above the Ste. Genevieve 
limestone consist of about equal proportions of shale, 1imestone, 
and sandstone. The shale is gray, greenish, bluish, and red
dish. Almost everywhere beneath the district the Chester 
includes conspicuously red shale and marl, easily noted and 
almost always reported by careful drillers. The limestone is 
compact, fine to coarse grained, at some places magnesian and 
at others containing beds of fine sand. The sandstone is 
generally clean, but some of it contains argillaceous matter and 
some is calcareous. Some grains are large and rounded, but 
others are fine and angular. 

From the type locality, which is about 45 miles south of 
Carlyle, the Chester group dips and becomes thinner to the 
northeast. The decrease in thickness is largely the result of 
the removal of the upper part of the group by erosion before 
the deposition of the succeeding Pennsylvanian series. The 
top of the Chester is everywhere very uneven, and this uncon
formity is well shown by outcrops outside the district and by 
the records of many borings throughout southwestern Illinois. 

The stratigraphy of the Chester is somewhat irregular, for 
shale, limestone, and sandstone give place to one a.nother 
within comparatively short horizontal distances. 

The sandstones of the Chester group, except where they are 
very compact, generally contain ·water, though the water is 
commonly salty, especially at a distance of several miles from 
the outcrop. Near Carlyle and Sandoval these sandstones 
contain valuable pools of oil aud gas. 

Above the Ste. Genevieve limestone, in the Mississippi 
Valley region of southern Illinois, lies the Aux Vases sand
stone, which consists of massi ve beds of fine-grained sandstone, 
generally cross-bedded and about 80 feet thick. Where the 
sandstone is unweathered it is yellowish brown or whitish, but 
where it is weathered it is reddish brown. This reddish-brown 
color caused some of the earlier writers to call it "the ferrugi
nous sandstone." The Aux Vases rests unconformably upon 
the Ste. Genevieve limtostone, but where that formation is 
absent it rests immediately upon the St. Louis limestone. No 
fossils have ever been found in the formation. 

The Renault formation, which lies next above the Aux 
Vases, was named from Renault Township in ::\fonroe County, 
a little southwest of the Carlyle-Centralia district. It ranges 
from 40 to 100 feet in thickness and is extremely variable in 
composition, as it includes beds of sandstone, shale, and lime
stone. Some of the sandstone closely resembles that of the 
Aux Vases, but it is commonly thinner bedded and is associ
ated with shale and limestone. At some places impressions of 
lepidodendroid tree trunks are found, and in the limestones 
other fossils are abundant. The Renault commonly overlaps 
the Aux Vases to the southwest and rests directly upon the 
Ste. Genevieve or the St. Louis in unconformable contact. 

The Renault formation is overlain by a thin but persistent 
group of cherty beds, which, though unfossiliferons, are yet 
widely usable as a key rock. These beds, which have been 
named the Yankeetown chert, have a thickness of 20 feet or 
less. This formation is in most places irregularly cross-bedded 
and knotty or banded. In well records it is reported as a 
very hard limestone, and in dug wells it usually puts an 
end to excavation. It is so resistant that over considerable 
a.reas where the overlying beds were removed by erosion in 
pre-Pennsylvanian time it c'onstitutes the floor upon which the 
Pennsylvanian series rests. The contact between the Ya.nkee
town and Renault is believed to be unconformable. 

The Paint Creek formation, which overlies the Yankeetown, 
has a thickness of a.bout 60 feet and consists of shale at the 
base overlain by limestone. Its most conspicuous bed is a 
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deep-red clay, generally regarded by well drillers and sur
veyori'! as a valuable index stratum, which lies at or near 
its base. It shows little evidence of stratification and contains 
no .fossils. The limestone and shale in the upper part of the 
formation contain abundant fossils. 

Above the Paint Creek is the Cypress sandstone, which con
sists of massive cliff-forming sandstone 70 to 110 feet thick. 

The Okaw formation, which overlies the Cypress sandstone, 
consists of alternating beds oflimestone and shale and is about 
200 feet thick. The shale is generally blue or gray, but in 
some places it sho'ws a reddish tinge. The limestone is very 
fossiliferous, ATchimedes being especially abundant. About 60 
feet above the base of the formation there is at most places a 
10-foot bed of oolite which contains many small pelecypods 
and gastropods. 'fhe' Okaw formation contains numerous 
fossils. Its upper part is characterized by the large blastoid 
Pentremites s'ulcattts, which, according to Weller, is restricted 
to these beds, as is also Archimedes laxus. The Okaw is prob
ably the highest formation of the Chester group that underlies 
the Carl)'le-Centralia district, the overlying Chester formations 
having been removed by erosion at the close of the Mississip
pian epoch. The roek is commonly translucent and yellowish, 
resembling onyx. The formation is named from the Okaw or 
Kaskaskia Valley, in the lo·wer part of whicb it is well 
exposed. 

In the I\Iississippi Valley region of southern Illinois the 
formations which overlie the Okaw formation in ascending 
order and constitute the uppermost part of the Chester group 
include the Menard limestone, made up of limestone inter
stratified with shale and having a thickness of 60 to 100 fect; 
the Palestine sandstone, mainly sandstone and 40 to 80 feet 
thick; the Clore limestone, consisting of about 40 feet of lime
stone with some shale and shaly limestone; the Degonia sand
stone, a massive sandstone 40 to 100 feet thick; and the 
Kinkaid limestone, consisting of 140 feet of regularly bedded 
limestones separated by thin shaly seams. The Degonia and 
Kinkaid formations were formerly included in the Pennsyl
vanian, but the discovery of Chester fossils in both formations 
led 'Veller to include them in the Chester group. 

The Pottsville, Allegheny, and Conemaugh formations of 
Pennsyl vania and other Eastern States are represented in 
southern Illinois, but their exact correlation and limits ha:ve 
not yet been determined. The upper limit of' the Pottsville, 
however, which is known rather accurately, lies at the base of 
the underclay of the Murphysboro coal (Ko. 2). For conven~ 
ience the base of that coal is used as the formation boundary. 
The division plane between Allegheny and Conemaugh is 
much more difficult to determine. It probably lies near the 
Herrin coal (No.6) or coal No.7, but owing to the doubt local 
formation names have been applied, and the top of the Herrin 
coal is used as the formation boundary. 

Oharacte1' and thicknes8.-The Pottsville formation consists 
largely of sandstone but includes some shale, clay, and a little 
thin, irregularly bedded coal. No limestone occurs in it in 
this region. It ranges in thickness from 10 feet or perhaps 
even less to about 200 feet. So far as known it is thinnest in 
the northwestern part of the Carlyle-Centralia district, where it 
consists of clay that contains local lenses of sandstone and 
traces of coal. To the east it thickens somewhat irregularly, 
and at the southeast corner it appears to be about 200 feet 
thiek. It consists of water-bearing sandstone in se\'eral thick 
layers that are separated by thinner layers of soft shale and 
small lenses of argillaceous sandstone and coal. Here and 
there tile sandstone cotains a few quartz pebbles, but it is 
generally rather fine grained. All the beds are irregular. 
Beds of sandstone grade laterally into shale, and hardly any 
layer holds its physical character throughout any consider
able area. The sandstone in most places contains no fossils, 
but some of the shales bear impressions of land plants-mostly 
fernlike. The most persistent coal bed is approximately 
equivalent to the bed named by 'Vorthen coal No.1 and also 
to the Mercer coal of Pennsylvania. 

Strai1'graphic' posii'ion and 1·elations.-The Pottsville fonna
tion rests unconformably upon the very uneven upper surface 
of the Chester group and extends up to the base of tlle under
clay of the :Murphysboro coal. It may be identified in many 
drill holes by the fact that It includes the rocks that lie between 
the coal and the next limestone belo,,,. The coal, however, is 
not persistent, and in many places the uppermost bed of the 
Chester is not limestone. Hence it is often necessary to use 
other criteria, and in some wells the exact limits can not be 
determined, even from carefully collected samples. However, 
the approximate position of the formation may be determined 
in all wells by the fact that it is roughly coextensive with the 
great water-bearing sa.ndstones which lie as a rule between 175 
and 350 feet below the Herrin coal-the principal coal of the 
region. Its relation to the Chester group is one of uncon
formity and overlap, the thinner portions representing the 

higher parts of the formation. The formation resembles the 
overlying Carbondale more than it does the Chester. 

General featu1·es.-The Carbondale formation includes all 
the Pennsylvanian beds between the base of the underclay of 
the Murphysboro coal (No.2) and the top of the Herrin coal 
(No.6). The formation is named from the town of Carbon
dale, near which it is well exposed. It is not exposed at the 
surface anywhere in the Carlyle-Centralia district, but it has 
been encountered in many drill holes and mine shafts. Its 
thickness, which seems to increase toward the east, is at most 
places from 160 to 225 feet. It consists chiefly of shale and 
sandstone but includes several thin layers of limestone and 
more or less lenticular beds of coal. The shale at many places 
forms a soft light-gray clay, which is not at all shaly. The 
sandstone is generally loosely cemented and rather micaceous, 
though one or two of the beds in the central part are com
monly cemented by calcium carbonate. The limestone is 
hard, gray or bluish gray, and more or less fossiliferous. At 
some places it has a peculiar brecciated or conglomeratic char
acter. The uppermost part is associated with the Herrin coal, 
which is the only coal now mined in the area. 

Ohm'adm' of the beds.-The Murphysboro coal is absent 
over large areas, and where present it is of irregular thickness, 
ranging from a thin seam to a bed 3 or 4 feet thick. It is 
overlain by shale, 10 to 30 feet thick, which shows traces of 
coal near the middle, and above the shale lies a. soft brownish 
sandstone or sandy shale, commonly water-bearing, which has 
been called the Vergennes sandstone member. Above this 
,mndstone lies shale containing traces of coal and local lell'3es 
of sandstone, which extends up to a coal that lies about mid
way between the Murphysboro and Herrin beds. This coal 
appears to be present throughout a considerable part of the 
district and is similar in some respects to the Springfield coal 
(No.5), which generally lies only about 50 feet below the 
Herrin coal. It resembles that bed in that it is associated 
with much clay and is cut by numerous veins of clay, but its 
position is incompatible with the general thinning of all beds 
to the west, which should bring the Springfield coal nearer the 
top of the formation instead of farther from the top than the 
a verage. The stratigraphic relations of this coal indicate that 
it is a lower bed-perhaps coal No.3 of Worthen. 

Above this coal lies about 75 feet of shale and shaly sand
stone, which is overlain by calca.reous beds beneath the under
clay of the Herrin coal. Generally there are one or more 
beds of pure limestone. 

The underclay of the Herrin coal is light gray or greenish 
and is plastic when wet. It averages about 2 feet in thickness 
but is irregular, and in Borne places, where it is absent, the coal 
rests immediately upon the underlying limestone. The under
clay of the Herrin coal underlies more tha.n three-fourths of 
the area occupied by that coal and is thin as compared with 
the underclays of the other coal beds of Illinois. 

The Herrin coal is 5 to 12 feet thick. With the exception 
of the "blue band," it contains only a small amount of original 
sedimentary impurities. Its bedding is uniform, and the 
several parts of the bed are fairly easily recognized. The 
"blue band" is a layer of bluish-gray clay, 1 to 3 inches thick, 
in places calcareous or ferruginous, which lies 15 to 30 inches 
above the base. 

The Herrin coal is separated into distinct divisions or 
benches by three rather persistent partings a.nd by others that 
are less persistent. The partings consist generally of thin 
layers of clay, seams of ma.rcasite, and" mineral charcoal," but 
in many places they appear to be merely planes of sedimenta
tion along which the coal easily splits. Above the "blue 
band" the coal is more or less distinctly separated into three 
divisions, which, owing in part to irregularities in the coal, are 
named differently by different miners. 

The western limit of this coal is not precisely known, but its 
approximate position is indicated by the line that marks the 
boundary of the formation. West of this line the Carbondale 
formation outcrops, and east of it the McLeansboro formation 
immediately underlies the surficial materials. 

Correlation of the coal beds.-The early reports on the 
geology of Illinois attempt to give the coal beds serial numbers, 
beginning at the bottom with No. 1. Though the correlation 
of beds in different parts of the State was in general correct, it 
has been found difficult to apply the serial numbers consist
ently, particularly because correlation is in many places diffi
cult a.nd uncertain owing to the fact that most of the coal beds 
are lenticular. It was also found that the same beds, which 
extend continuously into Indiana and Kentucky, bear different 
numbers in each of' these States. The result is that great con
fusion has arisen in the significance of the numbers. For 
these reasons the use of numbers for the coal beds has been 
found less desirable than the use of geographic names. The 
bed known as No.2 has been named the Murphysboro because 
of its extensive development at that place. It is probably the 
same bed as that mined at Colchester, as the" third vein JJ near 
La Salle, and as coal No.2 in the vicinity of Morris and Braid-



wood, in'the northeast€rn p'art of the basin. The thick" Blue 
Band" coal (No.6) is designated the Herrin coal and is 
equivalent to the Belleville coal and to the Duquoin coal. A 
coal that lies 40 to 80 feet below the Herrin coal resembles the 
Springfield coal but is believed to be a lo'wer coal, perhaps No.3 
of Worthen. Other beds of coal are present in this district, 
but they are of little value and have not been given geographic 
names. Little is known concerning them, and there is doubt 
as to their proper correlation. 

The work of David "\Vhite on fossil plants shows that the 
Murphysboro coal corresponds approximately to the Brookville 
or perhaps to the Clarion coal bed of Pennsylvania and that 
the Herrin coal is of Freeport age-being possibly equivalent 
to the Upper Freeport coal, which is the uppermost layer of 
the Allegheny formation in the Appalachian coal basin. 

McLEAXSBORO FORMATIOS. 

Generalfeatures.-The McLeansboro formation, named from 
the town of McLeansboro, Ill., extends from the top of the 
Herrin coal to the uppermost Pennsylvanian rocks that are 
present in Illinois. At McLeansboro, near the center of the 
coal basin, these rocks have a thickness of about 1,000 feet, 
but owing in part at least to erosion this thickness decreases in 
all directions from that place. At the eastern side of the 
Centralia quadrangle only about 800 feet of the lower part of 
the formation is present, and to the west the beds outcrop 
successively from above downward, so that beds nearly 500 
feet lower, or a little more than 300 feet above the base of the 
formation, appear at the surface or lie beneath the drift along 
the ·western border of the Carlyle quadrangle. 

The formation consists of shale, sandstone, limestone, and a 
subordinate alllount of coal, but the -proportionate amount of 
coal is considerably smaller than that in the Carbondale for
mation below. Shale that is generally soft aud claylike con
stitutes the major part of the format.ion. 

Beds between the Herrin coal and the Shoal Creek limestone 
member.-The Herrin coal, at the top of the Carbondale for
mation, is generally overlain by shale 10 to 30 feet thick, but 
locally this shale is ahsent and the overlying limestone rests 
directly uron the coal. Most of the shale is gray and more or 
less sandy, but at the base it is generally black and hard. 

The limestone that overlies the shale is very persistent, even 
more so than the coal itself, and may be used to determine the 
horizon of the coal ,,,here the coal bed is absent or questionably 
present. So far as known this limestone contains throughout 
its extent a fusulinoid shell about the size of a grain of wheat, 
which has been identified as Fusulina cylind1'-ica, as F. secal-ica, 
and also as F. cylind1'-ica val'. ventricosa, but which according 
to G. H. Girty is probably Girtyana, ventricosa Meek and 
Hayden. This fossil is a valuable key to the stratigraphy 
and is hence of much significance in drilling, particularly in 
the search for coal. Other animal remains, such as crinoid 
stems, a Productu.s that has been often identified as 
Produclus longispinus, though it is now known to be a 
Marginifera (M. splenderu;'f), and Composita subtilita (for
merly called Athyris 8ubtilita), are fairly common. The 
lower surface of the limestone is in some places smooth and 
in some places rugose, the ridges, which are known among 
the miners as "cat claws," extending dowmvard as much as 
several inches. 

The beds 20 to 40 feet above the Herrin coal are generally 
caleareous, though locally they consist of sandstone. The 
limestone is locally brecciated or conglomeratic. From 35 to 
50 feet aboye the Herrin coal lies a coal bed (No.7) that 
ranges in thickness from 2 or 3 inches to 3 feet and appears 
to be present throughout more than half of the area. This 
coal is overlain by shale and by another bed of limestone, 
above which the strata for about 40 feet consist predominantly 
of sandy shale and water-bearing sandstone. In a few places 
a bed of coal lies about 75 feet above the Herrin coal. 

From 90 to 125 feet above the Herrin coal the rock with 
few exceptions consists of soft; gray or bluish clay shale, which 
bas a lenticular limestone bed in its upper part. Above this 
shale lies a massi ve porous brown or buff sandstone nearly 100 
feet thick. It is fairly persistent but irregular in thickness 
and in some places is represented chiefly by sbale, only a few 
thin layers of sandstone being present. The rock commonly 
shows cross-bedding, and it varies in short distances from soft 
and friable to tough and hard. In places, particularly about 
30 feet above the base, traces of coal are present. 

Above this sandstone there are thin beds of shale, separated 
by clay, limestone, or thin coal, which have an aggregate 
thickness of 20 or 30 feet, and above these beds lies about 100 
feet of beds that consist in the northern part of the area pre
dominantly of shale and small lenses of limestone and in the 
southeastern part of soft sandstone. One of the limestones, 
about 240 feet above the Herrin coal, is rather persistent \lnd 
may represent the Carlinville limestone member. A coal that 
lies 180 to 200 feet above the Herrin coal is perhaps equi va
lent to coal No.8. The top of this group of beds is generally 
marked by a layer of hard black shale that contains abundant 
impressions of Productus cora. This shale is well exposed in 
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the bank of Kaskaskia River above the mouth of Quarry Creek 
south of Carlyle. 

Shoal Creek limestone member and overlying beds.-One of 
the most peJ.lSistent beds of southwestern Illinois is a limestone 
that lies 275 to 375 feet above the Herrin coal. In general 
the distance above the coal increases eastward from Shoal 
Creek, in Clinton County. In the Carlyle-Centralia district 
the position of the Shoal Creek limestone ranges from 350 feet 
above the coal in the western part of the Carlyle quadrangle to 
375 feet in the eastern part of the Centralia quadrangle. In 
the Carly Ie oil field the distance is about 360 feet, and as the 
limestone immediately underlies the surficial materials it is 
used as a seat for the dri vepipe. The strata between the Shoal 
cl'eek limestone and the Herrin coal, however, thicken some
·what irregula.rly. 

The Shoa.l Creek limestone attracted the attention of the 
first Geological Survey of Illinois and was named from its 
extensiye outcrop along Shoal Creek. It is extensively 
exposed along Shoal Creek, on the western border of the 
Carlyle quadrangle, where it has been quarried. In Timmer
ma.nn's quarry, north of Breese, some of its ledges include a 
considerable admixture of fine sand. It differs from most 
other limestones of the Pennsylvanian series in that it exhibits 
on fractures, especially those that follo'w the bedding planes of 
the rocks, fa.int bluish-gray irregular blotches and that 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 limEstone is generally compact and hard and contains 
many organic fragments in a finely crystalline calcareous 
matrix. 

The Shoal Creek limestone is overlain by a few feet of 
irregular bedded sandy shale, nbove which lies a thick bed of 
clay shale that extends about 70 feet above the Shoal Creek. 
This horizon is commonly marked by a few feet of clay and 
limestone, which is underlain in places by a few inches of coal. 
Above this coal lies 60 to 70 feet of shah>, sandy shale, and 
sandstone, which extends to another coal, in places about 2 
feet in thickness. This coal is commonly overlain by a black 
roof shalf>, which is succeeded by a bluish-gray shale 15 to 20 
feet thick. Aboye this shale lies another coal, which is 
immediately underlain by plastic clay together with some lime
stone and which is succeeded by about 50 feet of gray to black 
Rhale and lenses of limestone. Above this calcareous shale 
there are commonly streaks of coal and one or two beds of 
limestone. This limestone appears to be the highest bed that 
is present in this district, though in some places where it is 
buried beneath Quaternary deposits it may be overlain by the 
succeeding shale member, which has a thickness of about 40 
feet in the area to the east. 

QUATERXARY SYSTEM. 

The surficial deposits of the area, 'which are generally 40 to 
60 feet thick, belong to the Quaternary system. They con
sist of till, loess, and terrace deposits of Pleistocene age and 
alln yium and lake deposits of Recent age. All this material 
has been derived from consolidated rocks, chiefly by normal 
weathering and by the grinding and plucking action of 
gladers, though in small part by the wearing of the rocks by 
streams. It has been transported and deposited by ice, wind, 
and water. 

, This surficial material is thickest in the drift ridges and the 
wide preglacial valleys and thinnest on the preglacial uplands, 
except where they are traversed by postglacial valleys. The 
thi9kest Quaternary deposits are found in the drift ridge 4 
miles south of Carlyle, where bedrock probably lies 200 feet 
below the surface, and there are also high drift ridges in the 
northeast cornel' of the Carlyle quadrangle. 

PLEIS'.l'O()ENE SERIES,. 

At some places the Illinoian till seems to rest immediately 
on the consolidated rock, though at others it overlies a dark 
blue-gray clay, some of which is sticky and has been called by 
·well drillers blue gumbo and some of which is silty. This 
clay is 5 to 30 feet thick and at some places contains numerous 
blocks of stone, most of' them apparently of local origin. The 
small amount of manifestly transported material in the clay is 
mainly in its upper part, where it grades into the overlying 
glacial till. Some of the more silty material that is free from 
stones is probably pre-Illinoian loess, such as occurs at other 
places in southern Illinois, and was probably laid down in 
Yarmouth time. At some places, however, the material 
be~eath the till appears to be washed and stratified, and this 
material is no doubt pre-Illinoian alluvium. 

No good natural exposures of the clay beneath the till ha,Ye 
been found, and its origin remains in some doubt, but it is 
tentatively regarded as in part derived from the rock in place 
and in part as old loess. Similar material that is exposed near 
Waterloo, Ill., 50 miles southwest of Carlyle, seems to be 
certainly loess. 

In other areas not far 'distarit, particularly in States imme
diately west of Illinois, there are seyeral Quaternary formations 
older than Illinoian. These formations consist in the main of 
glacial and interglacial deposits, known from below upward as 
sub-Aftonian or Nebraskan till; Aftonian soil, peat, and 
gra vel; Kansan till; and Yarmouth soil. None of these for
matiolls are definitely recognized in the Carlyle-Centralia dis
h-ict, and doubtless none will be fomid there, except possibly 
the Yarmouth. If they were ever deposited in the district 
they were either removed by erosion or so reworked by the 
Illinoian glacier or so buried as to be now unrecognizable. 

Illinoian glacial till is found throughout the Carlyle
Centralia district except in comparatively small areas from 
which it has been removed by erosion. It consists of an inti
mate mixture of clay and more or less decayed pebbles and 
boulders of many kinds of rock. Many of the pebbles are 
well rounded, but most of them are subangular, and some have 
sharp corners. The proportion of gravel in the till appears to 
be large for a low, flat region in which the bedrock was not 
deeply eroded and which was in places scarcely touched by the 
glacier. Probably either a part of the fine material was sorted 
out and carried away by water or 'wind, or the till was derived 
from material, perhaps of Tertiary age, that was more gravelly 
than the deeply weathered Carboniferous rocks. A large pro
portion of the pebbles are between half an inch and 1t inches 
in diameter. Only a few exceed a foot in diameter. Another 
notable feature of the till is its: relatively great content of quartz 
and flint. These rocks are least easily broken down into sand 
or rock flour, and no doubt this in part accounts for their 
abundance, but remnants of probably Tertiary gravels are 
known at several places to the north of this area, and perhaps 
extensive preglacial deposits of this sort were largely worked 
up into the till. 

The glacial till is exposed in all but the smallest stream 
valleys of the region and in places on the uplands, the most 
extensive upland exposure being in the southeast corner of the 
Centralia quadrangle. Its thickness ranges from 20 to 100 
feet and averages about 40 feet. Its lower surface is somewhat 
uneven, but its upper surface is smooth, except in the numer
ous drift ridges. "Vhere weathered it varies in color from 
light grayish yellow to dull orange, the darkest shades of red 
appearing at the base of the weathered part, particularly where 
the till is thin. ",Vhere it is thick the larger part of it is 
unweathered and ~s bluish gray_ In some places the line of 
demarkation between the weathered part and the fresher bluish 
part below is so sharp that it seems to be two separate bodies of 
till. 

At many places in the district there are high drift ridges. 
lSee "Surface features," p. 2.) Leverett 1 has suggested that 
the belt of ridges of which these form a part may be glacial 
moraines. Those in the Carlyle-Centralia district, however, 
differ from the comlUon terminal and recessional moraines of 
the "\Visconsin till in the northern part of the State in that 
they consist of' a series of more or lesEl disconnected roundish 
hills that stand on a flat plain. The nearest approach to the 
Wisconsin type of moraine is the long ridge in the south west
ern part of the Carlyle quadrangle. The drift ridges consist of 
a central core of drift like the ordinary Illinoian till, although 
some are more like kames or eskers, being composed of sand 
and gravel and an outside layer of loess. 

The upper part of the till is generally leached and oxidized 
and is yellow or rusty. The middle part is generally yellow
ish, and the lower part, which is less oxidized, is dark gray. 
At some places, llOw:ever, especially where the till iR thin and 
lies above the ground-water table, it is yellowish or reddish 
throughout. 

Most of the till is ground moraine and includes both mate
rial deposited beneath the ice and that let down as a blanket 
from within the ice as it melted. However, the origin of 
extensive drift ridges has not yet been positively determined. 

The interglacial stage that followed the Illinoian is called the 
Sangamon becap.se of the widespread development of a bed of 
forest litter and of a more or less deeply weathered zone at the 
top of the Illinoian drift in Sangamon County, Ill. The San
gamon soil is present throughout much of the Carlyle-Centralia 
district but differs from that in Sangamon County in carbona
ceous material being less abundant and in a brownish stain of 
iron oxide or a light-colored leached appearance being com
monly developed in place of the heavy dark or black soil of the 
country to the north. Where best developed it is sometimes 
recorded in well logs, and in a few wells pieces of wood have 
been reported from its horizon. The soil seems to have been 
best developed in poorly drained places at some distance from 
the valleys, ,,,here erosion was more 01' less inactive. The val
leys of Sangamon time, though probably considerably shal
lower, were in the same locations as those of to-day, and 

1 Leverett. Frank, The Illinois glacial lobe: U, S. Geol. Survey Mon, sa, 
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probably it is partly due to this fact that the soil is rarely 
seen along the present slopes where its horizon reaches the 
surface. It is found at depths ranging from 1 to 10 feet and 
is directly overlain by the loess. It is well exposed just south 
of the depot at Shattuc and along the railroad 2 miles south of' 
Centralia. At these places it lies about 2 feet below the 
surface. 

At many places the Sangamon soil is obscurely developed, 
and generally it seems to consist of two divisions of very differ
ent appearance and constitution-a light clayey lower member 
and a darker soil above. Above the Illinoian till there is 
commonly a gray or whitish clay containing few stones, the 
origin and correct classification of which are somewhat uncer
tain. Its thickness is generally 3 to 7 feet, but it ranges from 
1 foot to 10 feet. This clay differs from both the underlying 
main body of till and the overlying loess. It differs from the 
till not only in color and in including few stones but in being 
generally more sticky or gummy. Fresh ,exposures are dark 
to light gray; weathered surfaces are whitish. The few stones 
it contains are well-rounded pebbles of quartz and subangular 
pebbles of chert. It differs from the loess in its content of 
pebbles and in its clayey nature. It may be part of the San
gamon soil, but if so that soil apparently consists of two dis
tiuct members. Above this clay but beneath the loess there is 
commonly a well-developed darker soil from a few inches to a 
foot or more thick. 

EARLIER VALLEY Fn,LING (PRE·IOWA~ ?). 

Along Kaskaskia River and its larger tributaries there are at 
some places two low terraces, both of which al'e sometimes 
called sec.:ond bottoms. Both are above the reach of ordinarv 
high water, and in places, particularly downstream or south
west of the Carlyle-Centralia district, both are considerably 
above the reach of extreme high water. The material com
posing these terraces is better stratified than the allu vium and 
consists more generally of rather even layers of sand, silt, and 
clay, whereas the alluvium generally consists of silt containing 
few layers of sand or clay. 

The upper terrace deposit seems to antedate the loess, 01' at 
least a considerable part of it, for it generally bef-lrs ou its 
upper surface a foot or two or in places more of that material. 
It differs from the lower terrace deposit in rising gradually 
upstream, though its grade is less than that of the river, so 
that the early filling and the alluvium gradually draw near to 
each other, and in the Carlyle quadrangle they nearly merge 
and in places are buried by the alluvium. 

LOESS (PRORJAN). 

Throughout a large part of its extent the Illinoian glacial 
till is o\'erlain by loess, a buff-gray clayey silt. The loess is 
not found in the stream valleys, in an upland area 5 to 10 
miles east of Centralia, and in numerous small upland areas, 
from a few yards to several hundred yards across, where the 
till comes to the surface. No doubt loess was deposited over 
the entire district, but some was removed almost as fast as it 
was laid do\vn and some has been carried away. 

Except in places where it has been removed by the streams 
and in the southeastern part of' the Centralia quadrangle, the 
loess, whieh is 5 to 30 feet thick, overlies the Illinoian drift 
and the ~angamon soil t'lnd immediately underlies the surface 
of the entire district. 

The loesil is composed of friable, uniformly fine-grained, 
unstratified or very imperfectly stratified, dustlike material 
that contains a small amount of calcium carbonate. Though 
very easily crushed it is sufficiently coherent to stand for a 
long time with almost or quite vertical walls where it has been 
cut by streams or excavations. 'Vhen wet it is somewhat 
plastic but less so than average clay. So far as seen in 
the Carlyle-Centralia district it contains no fossils, but a short 
distance to the west, where it is considerably thicker and more 
uniform in size of grain, it contains in places many shells of 
air-breathing gastropods. 

In the northern part of the State the main body of loess 
pal:!ses beneath Wisconsin glacial till, and it is therefore older 
than that formation and younger than the Illinoian till, from 
each of which it is separated by a well-developed zone of soiL 
A small amount of loess overlies the Wisconsin drift in some 
places to the north, and indeed deposits of dust which are 
indistinguishable from the older loess are in places now accu
mulating, so that possibly a part of the original main deposit of 
loess has been shifted and other dust has been accumulated 
since the Peorian stage, but the total amount of such material 
is comparatively small, and the main body of loess is believed 
to be older than Wisconsin and probably of Peorian age. 

LATRR VALLEY FILLING (WISCONSIY). 

Along the lower course of Kaskaskia River deposits of sand 
and silt are common in the form of terrace remnants whose 
tops are only 15 to 20 feet above the Hat plain and 10 to 20 
feet below the top of the earlier or pre-Iowan (?) yalley filling. 
The material in these remnants resembles the Recent alluvium, 
except that on the whole it is coarser. This resemblance and 
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the fact that the terraces are low and have been extensively' 
eroded make it difficult in some places to distinguish terrace 
deposits from aUu vium. Upstream the top of the terrace, 
which is nearly horizontal, approaches the Hood plain, which 
rises upstream, and the two nearly merge southwest of the 
Carlyle quadrangle. The terrace deposit, however, extends 
across the quadrangle: i The 'well at Carlyle penetrated 35 feet 
of sand and clay below the surface soil, and other wells sunk in 
the Hood plain seem to penetrate stream deposits thicker than 
the Recent alluvium. 

Along 1Iuddy River also and in other parts of southern 
Illinois there seem to be two distinct deposits of the valley 
fiUin,!!, the oldest apparently having been deposited before the 
loess. The deposits on the two low terraces thus seem to covel' 
a large area and were no doubt due to aggradation by the 
Mississi ppi. 

That the valley filling is a double deposit is shown by the 
following facts: A rather persistent old soil lies near the mid
dle of the deposit; two extensive and fairly distinct terraces 
are present, the top of one being about 440 to 450 feet above 
sea level and the top of the other about 420 to 430 feet; the 
materials forming these terraces differ somewhat; and the 
upper terrace is capped with loess, whereas the lower has none. 
The deposits are more distinct to the south of the district and 
in its northern part are not separately mappable. 

ALLUVIUM. 

Deposits of alluvium are present along all but the smallest 
streams, the largest being in the vaHey of Kaskaskia River. 
Less extensi ye areas stretch along East Fork of Kaskaskia 
River and Crooked Creek. 

Along Kaskaskia River the a.lluvium is about 25 feet thick. 
Below a few feet of somewhat sandy surface clay the alluvium 
consists largely of more or less washed sand, in some plac.es 
containing lenses of clay and scattered pebbles. Some of the 
lenses of clay are practically free from grit and were probably 
deposited in meanders of the river. The deposit is apparently 
though not very conspicuously stratified, the uppermost beds, 
such as those exposed at the bridge 2! miles south of Carlyle, 
being even and horizontal and those below being more 01' less 
irregular and highly inclined. 

Several lake beds in the bottom laud of the Kaskaskia have 
been recently drained. The deposits in these lake beds, which 
cousist partly of decomposed plant remains mingled with fine 
silt, are brownish black and in places 10 to 15 feet thick. 

STRUCTURE. 

GEXERAL TEATTIRES. 

In south-central Illinois the layers of rock He nearly hori
zontal but slope downward to the east at the rate of a few feet 
to the mile. This slope, however, is not regular but is inter
rupted by low anticlines, synclines, terraces, faults, and minor 
irregularities. 

REPRESENTATION OT STRUCTURE. 

lffelhods employed.-Structure is commonly represented in 
two ,,,ays-by cross sections and by contour lines. Cross sec
tions are best for showing structure in 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 the structural features are there almost imperceptible. 
In such a region contour lines show the structure more clearly. 
The structure contours for the Carlyle-Centralia district are 
shown on the areal-geology maps. 

Delineati,on of structure by (Jontou1's.-To delineate structure 
by means of 'contours an easily recognizable reference stratum 
is chosen, whose position can be determined at many places 
by means of outcrops or borings. The altitude and dip of its 
surface are determine~ at as many places as possible, and points 
of equal altitude are connected by lines on the map like those 
whi('h represent topographic contours. At some places the 
altitude of the reference stratum is observed directly in out
crops, mines, or wells; at other places it is calculated from 
observations made on some other recognizable stratum, for 
generally the layers of stratified rock are approximately paral
lel, and the average interval between any two layers may be 
determined. Thus, if the altitude above sea level of a stratum 
that lies stratigraphically above the reference layer is deter
mined at a certain point where it crops out, the altitude of the 
reference stratum or key rock at that point may be calculated 
by subtracting from the altitude of the outcropping stratum t~e 
average intervitl between the two. If the altitude of a bed that 
lies stratigraphically below the reference stratum is determined 
the average interval is added, thus giving t'lpproximately the 
altitude at which the reference layer would lie if it were 
present. 

Use of structure coniours.-The structure map is useful not 
only for studying broad structural problems aud for conyeying 
an abstra,ct knowledge of the struct~re of the region, but it is 

also of practical value for 'the aid it gives in locating and 
recognizing valuable beds and in determining their "lay." As 
the strata are approximately parallel and the average spacing 
of valuable beds is known, it is not difficult to calculate 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. The map may be used in this way for locat
ing beds containing coal, limestone, or oil. 

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. 

Accuracy of stTuctU1'e contours.-The accuracy of the struc
ture contours depends upon three factors-first, the accuracy of 
the altitudes obtained directly; second, the difference between 
the actual and the assumed distance to the key rock, as cal<:u
lated; third, the number and distribution of the points whose 
altitudes have been determined. 

In the Carlyle-Centralia district the HelTin coal, the only 
one now mined in the area, is used as a reference stratum. This 
stratum is not exposed at the surface but has been penetrated 
in many borings and several mine shafts, in which the altitude 
of its base was calculated by subtrading its depth below the 
surface from the altitude of the smiace as determined by hand 
or spirit level or barometer. As bench marks are numerous 
the hand level and barometer determinations involved only 
short horizontal distances, and the errors were therefore prob
ably small. 

Variation in the average interval between the reference 
stratum and other beds is more likely to lean to elTor in the 
structure contours, because the beds are not absolutely pal"<lllel. 
However, the distance between the Herrin coal and other 
known beds does not generally vary more than 15 feet from 
the average, and this variation does not seem to increase with 
the dista nce of the beds from the Herrin (',oal. 

Owing to the scarcity of outcrops artificial excavations are 
almost the only source of information, and the determined 
altitudes of recognizable beds are therefore not so numerous as 
might be desired, but they are comparatively evenly distributed, 
so that the errors are probably not great. The dip of the coal 
bed in mines also affords information for working out the struc
ture. After allowance for possible errors, the structure shown 
on the map is probably correct within 50 feet, the vertical 
interval between the contour lines. 

STRUCTURE OF THE CARLYLE-CENTRALIA DISTRICT. 

In general the beds in the Carlyle-Centralia district dip a 
little north of east at the rate of about 15 feet to the mile but 
this general dip is modified by low folds and minor irregular
ities, most of which are too poorly defined to be described sepa
rately. The structure of the district is shown on the geologic 
maps by contour lines drawn at intervals of' 50 feet on the base 
of the Herrin coal. The irregularities shown by these contour 
lineB are the product of irregularities in the smiace 011 which 
each layer was deposited and of differential settling and warp
ing since the deposition. The general eastward dip is in part 
at least the result of deformation. It carries the top of the 
Carbondale formation from a position about 400 feet below 
the surface at the western side of the area to one about 800 
feet below the surface on the eastern side. This general dip is 
modified by a low dome at Bartelso, a short, plunging anticline 
in the oil field northwest of Carlyle, a long, shallow syncline 
just east of Kaskaskia River, a short anticline or dome at 
Hoffman, two domes at Sandoval and Junction City, an 
uplifted block near Centralia and Sandoval, a rather steep 
monocline southeast of Sandoval, and a syncline neal' the east 
side of the district. In parts of the area, particularly in 
Wheatfield Township, northwest of Carlyle, the dip seems to 
be only 3 or 4 feet to the mile. In some places the Herrin 
coal is almost level throughout several square miles, whereas 
in others it dips more than 20 feet to the mile. Commonly 
the coal dips in a direction different from that of the general 
dip and here and there in a direction opposite to it. 

In many parts of the area, although borings are numerous 
enough to determine the approximate position of the coal, they 
are not sufficiently abundant to determine the direction of the 
dip; hence many structural features may not yet have been 
discovered. Throughout much of the area no borings have 
reached recognizable bedS, and the structure shown on the map 
therefore lacks many details which can be shown when the eoal 
has been worked more extensively. The mine shafts and bor
ings sunk, however, are rather uniformly distributed, so that 
the major structural features as shown are believed to be approx
imately correct. 

In the Marion Coal Co.'s mine at Junction City there is a 
fault, west of which the beds have dropped down 30 feet. For 
seyeral years oil has seeped into the mine in places 200 to 
300 feet east of the fault as well as along the fault plane. 
Indeed, the oil seep in this mine attracted attention to the 
region and thus led to the discovery of the Sandoval oil field. 
In mines 3 and 4 of the Centralia Coal Co., in Centralia, a 
fault lies 1,500 to 1,800 feet east of the shafts, and the expo-



sures in the mine and some drill records seem to indicate that 
the bed. west of the fauit have dropped down more than 100 
feet. A Mult zone probably extends from the area near 
Sandoval southward beyond the southern border of the Cen
tralia quadrangle. It follows the crest of a structural terrace 
which may be continuous with one at Duquoin, 35 miles to 
the south. The Sandoval and Junction City oil fields are on 
the edge of this terrace. These faults and some irregularities 
in the attitude of the beds east and southeast of Centralia are 
interpreted as indicating that an uplifted wedge-shaped block 
here lies between two faults that converge toward the north 
and meet near Central City. 

GEOLOGIC HISTORY. 

CONDITION OF THE RECORD. 

Only 8 .mall part of tbe geologic history of the Carlyle
Centralia district can now be read in the rocks that are exposed 
at the surface or encountered in borings. The record of many 
of the principal and some of the minor events of the Carbon
iferous and Quaternary periods is preserved and is legible, but 
the record of pre-CarboniferoUEI time lies 80 far below the sur
face that only the rocks showing its later part have been 
reached by the drill. That of the periods between the Carbon
iferous and Quaternary has been in large part erased, though 
there is an indistinct record of the progress of' erosion. How
ever, many facts in the history of the district may be inferred 
from the results of studies made in other areas in the general 
region, for the processes that affected the district affected also 
an extensive province around it. Evidence concerning many 
occutTences in pre-Carboniferous time is found in rocks that 
crop out in southern illinois and just west of the Mississippi in 
Missouri. Much of the history of the smaller area is therefore 
contained in the more complete record of the larger areR. 

During the Paleozoic era the general region was intermit
tently submerged in an epicontinental sea, the shores of which 
shifted widely and almost continuously, though the rate at 
which they shifted varied greatly. Since Paleozoic time the 
surface of the region, so fllr as known, has been continuously 
above sea level and subject to erosion. 

PALEOZOIC ERA. 

EARLY PERIODS. 

At the beginning of the Paleozoic era the surface of the 
district and the adjacent region had probably been above the 
sea for a long time and had been eroded until it was nearly 
flat. Early in the era the region was gradually submerged, 
and sandy deposits were laid down in the advancing sea. The 
submergence probably took place in Middle Cambrian time 
and lasted at least until the end of Cambrian time. 

The sediments deposited during Ordovician time consisted 
mainly of calcium carbonate and perhaps magnesium carbonate 
but included some argillaceous or muddy material. Many 
forms of life inhabited the sea, and their remains have been 
preserved in the beds. In Silurian time much of the Missis
sippi basin was covered by a clear sea and received extensive 
calcareous deposits. During a part of the Devonian period 
also calcareous deposits were formed, but at times the water 
was shallow and muddy, and occasionally it retreated from 
large parts if not all of the region. 

CARBONIFEROUS PERIOD. 

MISSISSIPPIAN EPOCH. 

Between the time of the deposition of the Upper Devonian 
beds and the time of the deposition of lowermost Mississippian 
beds the region was a land surface. During the Mississippian 
epoch it was again extensively submerged. In Kinderhook 
time much fine sand and clay was carried to the sea by the 
streams. At the end of the Kinderhook epoch and during 
the succeeding Burlington epoch the sea expanded farther and 
became clearer, so that the deposits which accumulated during 
that epoch consist largely of limestone. In the Keokuk and 
Warsaw epochs conditions varied, both sand and C'Blcareous 
mud being deposited. 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 water was therefore clear, and 
pure limestone, which in some places consists mainly of oolite, 
was laid down. The beds formed at this time are now known 
as the Bpergen limestone. During the succeeding St. Louis 
epoch the sea deepened and extended at least to central Iowa. 
At the close of the St. Louis epoch the waler withdrew by a 
series of oscillations which permitted the accumulation of beds 
of oolite similar to the Spergen, containing a sandy mem.ber in 
the middle part and forming the Ste. Genevieve limestone. 
Moor a considerable interval in which the area was land 
further warping elevated much of the bordering region but 
permitted the sea again to ad vance 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. 

carl71e-Cetltralla. 
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PENNSYLVANIAN EPOCH. 

I POTTSVILLE EROSION AND DEPOSITIOJll'. 

For a long period after the Chester submergence the region 
was a land area, and during this time its surface became much 
dissected. This old surface is now exposed at many places in 
illinois and has been reached by numerous 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 sur
rounding country, so that the area of ~mentation gradually 
advanced northward and spread eastward and westward. 
Most of the sediments laid down at this time consisted of con
tinental sand and mud, which now make up the Pottsville 
formation. The sand was doubtless in part derived from the 
rocks of the Chester group, which formed the western border 
of this portion of the Pottsville area of deposition, though as 
much of the sand of the Pottsville is coarser and more mica
ceous 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 land from which it was derived must 
have stood considerably above sea level. 

Early in the Pennsylvanian epoch great peat marshes began 
to form in Illinois and parts of adjacent States, and some of 
them persisted for a long time. Now and then conditions 
changed, so that mud or sand was washed in upon the peat, 
sometimes in thin films and at others in deposits reaching a 
thickness of many feet. Most of these bodies of sediment were 
of lenticular form, but groups of them are so fitted together as 
to make a stratum of fairly uniform thickness. In the Potts
ville epoch the accumulations of peat were not so extensive as 
in later epochs, but local marshes were developed in which 
layers of vegetal material were accumulated in quantities large 
enough to form seams of coal. 

While the Carbondale sediments were being laid down the 
region was at times covered by the sea and received deposita of 
mud, both argillaceous and calcareous, and of sand, and at 
other times the sea was practically banished for longer or 
shorter periods, though the surface commonly remained so low 
and so level that brackish or fresh-water marshes covered large 
areas, in which were accumulated beds of vegetal matter that 
were afterward transformed into coal. Much 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. 

At times both local and general emergence and erosion seem 
to have occurred, though the erosion was not nearly so exten
sive 8S that at the beginning of the preceding Pottsville epoch. 
Conditions generally were more quiet than in that epoch. Beds 
of sand, in some places thick though not extensive, were formed, 
but more of the material laid down was clay. More peat was 
formed in this epoch than in any other. 

The time of the greatest development of peat occurred at the 
end of Carbondale time, when the Herrin coal was formed. 
Th~ accumulation of this peat was interrupted from time to 
time by the .preading out of films of sediment and by the 
development temporarily of conditions favorable to decompo
sition, so that the deposit is divided into severa.llaye1'8. 

McLEANSBORO DEPOSITION. 

The conditions that prevailed in Carbondale time continued 
in McLeansboro time without much change, but the formation 
of peat was less widespread and was of shorter duration. The 
strata laid down consisted mainly of more or less sandy mud 
and interbedded sand, though a subordinate but considerable 
amount of limestone was also deposited. 

Presumably in the large Carboniferous marshes the water 
was kept quiet by the extremely rank vegetation. Bars and 
barrier shoals also were formed. At times the water became a 
little too deep for the growth of peat-forming plants, and at 
other timee it was too shallow to permit them to grow and be 
preserved. In the shallow waters carbonaceous muds or other 
sediments were laid down. 

At the beginning of McLeansboro time the district was 
part of a great, almost unbroken peat swamp in which the 
material for the Herrin coal had just been formed. The rate 
of subsidence, however, became too great for the maintenance 
of the growth of peat, the peat-producing cover was killed, Rnd 
the swamp was buried under mud. Deeper subsidence and 
quiescence favored the deposition of a bed of lime by marine 
organisms. There is some indication of emergence and erosion 
after the deposition of the first muds and limestone, and no 
dOll bt later in the McLeansboro epoch there came times of at least 
local emergence. The kind of material deposited in this area 
changed from time to time, the most widespread beds being a 
thick predominantly sandy bed and two relatively thin beds 
of lime, which now form the Shoal Creek and Carlinville (?) 

limestone members. How long sedimentation continued after 
the deposition of thesE! limeStones is not known, for all the 
record except that preserved in a few feef of immediately over
lying strata has been destroyed. The later event. of Penn.yl
vanian and those of Permian time in this area are unknown. 
Any deposits that may have been laid down have since been 
entirely removed by erosion, for no trace of them is found in 
surrounding areas. Very likely the Carlyle-Centralia district, 
though low, stood in such relations to surrounding a,reas that 
little or no sediment was laid down. 

DBB'ORllrU.TION AT CLOSH Oll' CARBOJll'IJ'EBOUB TIME. 

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

The attitude of the rocks of the Carlyle-Centralia district was 
not greatly modified by the widespread deformation that took 
place nearly at the clo.e of Carboniferou, time. The folds 
then produced are so broad and low that they are almost india
,tinguishable from original irregularities of deposition, and no 
large fault. have been found, but the general altitude of the 
surface was probably considerably increased, for the district 
seems to have been raised from approximately sea level to a 
position a few hundred feet above it. Whether the general 
eastward dip of the strata was produced altogether at this time 
or is in part a result of subsequent movements is not known. 
The faulting near Centralia and Sandoval probably took place 
at this time. 

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 haa since been laid bare by erosion, but 
no igneous rock has been found in this district and probably 
no such rock lies within several thousand feet of its surface. 

MESOZOIC ERA. 

After the uplift and deformation near the close of the Car
boniferous period new processes began to act in the region, and 
areas which before had almost continuously received deposits 
of sediment began to undergo erosion. Erosion has continued 
practically without interruption to the present time, though at 
several epoch. it ha. probably been accelerated by uplifts. 
There is no definite evidence of any general subsidence. 

Several great uplifts have affected the Appaiachian Moun
tains and the Ozarks, and between and during these uplifts 
extensive erosion reduced the surface by many hundreds of 
feet. Perhaps each of the periods of mountain uplift produced 
some deformation in southern illinois, though presumably the 
amount 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 has 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 cycle the more 
easily is ita record destroyed. In southern Illinois, as the uplifts 
were slight and the rocks are almost uniformly soft, the records 
of uplift and erosion are not well preserved. In the southern
most and northernmost p!lrt. of the State the topa of certain 
hills of resiatant rock apparently constitute remnants of two 
peneplain' older than any recorded in the Carlyle-Centralia 
district; 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.-Early in the Tertiary period an 
uplift may have marked the beginning of another cycle of 
erosion. In auy event, some time before the end of the Ter
tiary the surface of most of Illinois and of the general region 
'had been reduce"d to a neady level plain, for the surface 
beneath the Quaternary deposits is very even except where 
narrow valleys were cut, in late Tertiary or early Quaternary 
time. 

The .urface of consolidated rock underlying the drift, which 
is similar in form to the surface at the end of the Tertiary 
period, is trenched by wide, shallow valleys, which seem to 
mark areas of softer beds of rock, and these valleys are bor
dered by wide, low table-lands of irregular outline, which are 
underlain by harder layers. Thus, the Shoal Creek limestone 
seems to have immediately underlain a few feet of residual 
material throughout many square miles in the western part of 
the Carlyle quadrangle. Some of the higher areas, however, 
did not have the form of a table-land but were irregular, like 
the hilly area in the northwestern part of the quadrangle. 

The bedrock surface in general slopes southward, and this 
slope continues south of the CarJyle-Centralia district. Hence 
it appears that at the clo.e of the Tertiary the general slope of 
the surface was southward, as it is to-day. 



Near the end of the Tertiary period the region was appar
ently suhjected to a general uplift, which accelerated erosion 
and caused the streams to deepen their valleys. Well borings 
show that several such valleys, 75 feet or more in depth and 
now filled with drift, crossed the Carlyle-Centralia district. 
The general form of the present bedrock surface is probably 
much the same as the preglacial surface and may be discussed 
as such. 

The maximum known relief of the preglacial surface was 
150 feet, but if the deepf'st valleys are not considered it did not 
exceed 50 or 60 feet. The valleys were generally broad and 
their slopes somewhat gentle and the divides were about as 
high above the valley as those of to-day. In these respects the 
preglacial surface somewhat resembleiil the present surface. 
The valleys had a different arrangement, however, and the 
courses of the present streams have little relation to the ancient 
lowlands. Kaskaskia River is the most striking exception, for 
its course within the district seems to lie almost entirely within 
the preglacial lowland. At only a few places, in an area 2 
miles south of Carlyle, is bedrock in the Kaskaskia Valley as 
high as the present stream bed. 

QUATERNARY PERIOD. 

At the beginning of the Quaternary period the surface of the 
Carlyle-Centralia district, though in general much like the 
present surface, differed from it in one striking particuh-lr. 
The configuration of the surface at that time was produced 
solely by erosion, whereas that of the present surface has been 
in part produced by the deposition of drift and in part by the 
erosion of the drift by streams. 

In the earlier part of the Pleistocene epoch ice sheets formed 
in Canada at different times and spread broadly over the north
ern interior region of the United States, probably covering part 
of Illinois. These ice sheets are known as the Nebraskan and 
Kansan, and after each sheet had melted there were interglacial 
stages (Aftonian and Yarmouth, respectively) during which 
soils and in places lake and stream deposits were formed. 
These pre-Illinoian stages appear not to be represented by 
deposits in the Carlyle and Centralia quadrangles, except pos
sibly the Yarmouth. In many wells layers of gravel and sand 
have been reported, and in some wells pieces of wood and 
materials that have somewhat the appearance of buried soils 
have been found, but in most of the borings the glarial till 
appears to be one continuous deposit, extending down to the 
preglacial residual material, which immediately overlies the 
bedrock surface. 

At several places in southern Illinois a thin deposit of loess 
underlies the Illinoian till, and in the Carlyle-Centralia district 
material that appears to be loess is brought from beneath the 
till in well-drilling, though it is generally so much washed and 
mixed with the overlying and underlying deposits that its 
identification is difficult. A rather extensive deposit of loess, 
however, was probably laid down in southern Illinois, perhaps 
in Yarmouth time, and this loess, like the later and more 
extensive deposit, seems to thicken toward Mississippi and 
Ohio rivers. 

The events of the Illinoian glacial stage were of great 
significance in the history of the Carlyle-Centralia, district. 
The Illinoian ice spread out from a center in Labrador and 
finally reached almost to the southern end of Illinois-the 
southernmost point reached by any Pleistocene ice sheet. As 
it advanced it gathered up material and carried it southward. 
Howeyer, this ice sheet seems at some places to have picked up 
only a part of the unconsolidated material available, though at 
others it 'wore off fragments of hard bedrock. In the Carlyle
Centralia district in particular the amount of erosion by this 
glacier was not great, as is shown by a few feet of unconsoli
dated material and other pre-Illinoian deposits generally left 
upon the bedrock, upon which no glacial striae have been 
found. The soil, clay, sand, and frl:lgments of stone gathered 
all along the route from Canada southward were intermixed 
and the stones were further broken up by the glacier, and 
when the ice melted in the district it left a mantle of drift 
composed of this material spread over hill and valley alike, 
except that the deposits on the lower parts of the surfa,ce were 
at m0st places somewhat thicker than those on 'the higher 
parts and hence the resulting surface was somewhat more even. 
However, some irregularities were developed in the form of 
more or less isolated mounds and ridges. 

The conditions and events that led to the formation of the 
drift ridges which cross the Carlyle-Centralia district are not 
definitely known. This system of ridges forms the middle one 
of three approximately parallel systems. The ridges may con
sist of interlobate morainic material deposited between two ice 
fields or they may be' terminal or recessional moraines that 
mark the west border of an ice lobe which persisted in south
ern Illinois after the ice had retreated from the western part of 

8 

the State. They may represent accumulations of material 
under the ice or they inay consist of material collected in or 
upon it. There is no other evidence, however, of ice lobes on 
either side of the belt of drift ridges, and no immediate cause 
is known for such accumulations beneath the ice, which seems 
to militate against the first three possibilities, and as the bed
ding planes of the water-laid parts of the drift in the ridges 
have been disturbed and as the proportion of rocks from 
Canada seems larger than in the drift elsewhere the bodies of 
till that form the ridges would seem to have been in or near 
the top of the ice. 

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 accumulated in the form 
of a carbonaceous soil (the Sangamon soil), which was in places 
peaty, particularly in central Illinois, where it is dark, though 
elsewhere it is reddish or whitish. In the Carlyle-Centralia 
district this soil is represented in many 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 vegetal 
material did not accumulate in the Sangamon soil or was not 
preserved, and hence in mauy exposures the upper limit of the 
till is not sharply defined. Indeed the till, probably ~s the 
result of creeping in places and of original scarcity and later 
solution and decomposition of pebbles near the top, has gen
erally the appearance of grading upward into the loess. 

After these conditions had continued undisturbed for some 
time, until the present valleys were fairly well developed and 
partly filled with stream deposits, favorable conditions arose 
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 this 
deposition of dust diminished and became overbalanced by 
erosion, and the carving of valleys continued to Wisconsin 
time, when they had reached almost their present form. 

The origin and mode of accumulation of loess has for many 
yen,rs been a problem for which no complete and universally 
satisfactory solution has ever been reached. Two general 
theories have been advanced-one that it was deposited by 
water and the other that it represents accumulations of wind
borne dust. Each of these theories seems to have many 
adherents, though the balance of opinion seems to favor the 
view that it was deposited by wind. 

Some loesslike material is stratified and contains pebbles 
and aquatic fossils, which favors the opinion that it was depos
ited by water, but on the other hand nearly all the fossils are 
the remains of land animals, and the distribution of the mate
rial indicates transportation by wind rather than water. It is 
thicker on the high hills that border the large rivers than it 
is on the lowland 20 to 100 miles distant, and it is thickest on 
the east and north sides of the river valleys-that is, on the 
sides opposite the direction of prevailing winds. If the upland 
loess was deposited by water the highest hills must hRve been 
submerged and the streams several hundred feet deep. Though 
most of southern Illinois lies below the altitude of the thickest 
deposits of loess on the bluffs of the Mississippi, and though 
this region on this hypothesis must also have been under 
water, yet throughout the southwestern part of the State the 
loess does not appear to be stratified or to show other evidence 
of aqueous origin. 

In the Carlyle-Centralia district the loess does not seem to 
show any stratification or other characters that would indicate 
that it was deposited by water. So far as known it is not 
interbedded with any sand or gravel and does not have a ter
race form. Its character and surface features throughout south
ern Illinois seem very different from those which would result 
from a general" submergence. The difference, for example, 
between the loess and the valley filling is very marked. 

The source of the loess is an even more difficult problem. 
Those who have studied it most thoroughly incline toward the 
belief that it ·was carried up as dust from the river flood plains. 
The facts that support this view are that the loess is not only 
thickest on the river bluffs but thicker on the side opposite the 
direction in which the prevailing winds blow and that in this 
region the dry river bars furnish large quantities of dust. 
While the loess was being accumulated the river bluffs were 
probably forest-covered, as they are no, ... , for the fossils of the 
loess a.re largely the shells of woodland snails. Trees may 
have largely assisted in catching and holding the dust. 

The loess that borders large rivers is coarser or at least freer 
from fine particles than that which lies some distance from 
them, perhaps either from differences in the conditions under 
which the two were deposited and to which they have since 
been subjected (such as the presence or absence of forests and 
other vegetation and the amount of moisture) or perhaps from 
wind sorting. If most or all of the loess was derived from 
large valley bottoms the coarser dust would no doubt have been 

dropped first. Incidentally, if there was some chemical differ
ellce between the coarse particles as a whole and the fine par
ticles as a whole, the resulting deposits would differ not only 
physically but chemically. In fact, as already indicated, such 
differences, both chemical and physical, do exist, but that they 
are due to wind sorting has not been demonstrated. 

On the other hand, that nearly all the loess was derived from 
stream deposits seems doubtful on account of its great volume. 
It now covers parts of a number of States to a depth of several 
feet and may have covered these areas to an average depth of 15 
feet or more. It seems hardly believable that such a quantity of 
material could in a small part of one geologic period have been 
blown up by the wind from the river channels. It therefore 
appears probable that a part of the loess has come from the dry 
plains of the west, and possibly a part was derived from the 
glacial till before it was covered with vegetation. 

After a long interval ice of the Wisconsin stage invaded 
northern and eastern Illinois, reaching into the upper end of 
the basin of Kaskaskia River. Water overloaded with glacial 
debris discharged southwestward from the ice and deposited in 
the vaney large quantities of sand and gravel. This deposition 
may have continued after the ice front receded, while new val
leys were being established on the deposited till. Final 
adjustment was again reached, and the river once more began 
to cut down into the material which it had recently deposited 
and to develop a flood plain at a lower level. This adjustment 
was reached first near the mouth of the river, and the new 
flood plain, which is being developed upstream, has scarcely 
yet reached the Carlyle-Centralia district. 

The outwash of the Wisconsin glacier in the valley of the 
Kaskaskia forms a low terrace that extends out from the Shel
byville morainic system and merges into the flood plain in the 
northern part of this area. This terrace is recognizable east 
and southeast of Keyesport, in the Carlyle quadrangle, in the 
form of low elevations of very fine sand which lie above the 
area that is submerged in ordinary flood and which are com
posed of material rather markedly different from the main 
body of the alluvium of the Kaskaskia Valley. It seems to 
terminate rather abruptly here, as if it were an old delta and 
this were its front. 

RECENT EPOCH. 

The altitude of the district, so far as known, has not mate
rially changed in the Recent epoch. 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. As the general slope 
of the drift plain is very slight, the headward cutting of the 
valleys has in most places been exceedingly slow, no doubt 
because rain and snow water soaks slowly into the ground 
instead of being at once drained away. 

All the streams, whether building up or cutting down, have 
been continually making deposits, 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 this 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. The average section of flood-plain deposit 
is therefore progressively finer from base to top. 

ECONOMIC GEOLOGY. 

The mineral resources of the Carlyle-Centralia district, 
named in approximate order of comm~rcial value, are coal, oil 
and gas, soils, water, clay, and building stone. 

COAL. 

The Carlyle-Centralia district is in the southwestern part of 
the eastern interior coal basin. (See Fig. 4.) Coal occurs at 
several horizons in the Carbondale and McLeansboro forma
tions, but the Herrin coal is of much greater value than any 
other and is the only bed now worked. The coal production 
of Clinton and Marion counties, in which the district is situ
ated, in 1918 was more than 2,650,000 short tons. 

BEDS BELOW 'l'HE HERRIN COAL. 

A few lenses of coal seem to be present in the Pottsville for~ 
mation, but in no borings are they reported to be as much as 
2 feet thick. The Murphysboro coal, at the base of the Car
bondale formation, is reported in several wells, principally in 
the vicinity of Hoffman, where it is of good quality and about 
5 feet thick. Other coal beds are present in certain areas but 
so far as known are less than 2 feet thick and are not suffi
ciently uniform or extensive to warrant exploitation under pres
ent conditions. One of these beds is rather persistent, though 
generally thin and irregular. Near Carlyle, however, this coal 
is 3 to 5 feet thick and has been worked to a small extent. 



However, it is overlain and underlain by soft clay and cut by 
numerous clay veins, which make mining difficult. 

HERRIN OOAL (NO.6.) 

Ge'Mral feature.s.-The Herrin coal is by far the most 
valuable and best-known coal in the district. It is worked 
extensively near Centralia and Sandoval and so far as known is 
persistent. It ranges in thickness from 5 feet 6 inches to 6 
feet 10 inches and averages about 6 feet. It is overlain gen
erally by hard black shale, which forms a good roof, and is 
underlain by a hard sandy clay, which does not creep rapidly. 
Iu a few places the bed appears to fall below the general mini
mum of 5 feet 6 inches, and in a small area just west of 
Carlyle the coal seems to be absent. Throughout extensive 
areas, however, little is known concerning the coa], and hence 
it is somewhat unsafe to assume that the coa] is present in all 
but this one small area. No drill records are available for 
T.4 N., R. 3 E.; T. 3 N., Rs. 2 and 3 E.; and T. 1 N., 
Rs. 2, 3, and 4 E. 

FIGURE 4.-0utline map of the eastern interior coal bam of Illinois, 
Indiana, and Kentucky. 

The posItIon ot the Carlyle and Centralia quadraugles Is shown by the small rectaugles 

Physical character.-As stated under "Stratigraphy," the 
Herrin coal is made up of several benches, in most places three, 
and the most persistent parting is the blue band, which lies 3 
to 12 inches above the base and separates the middle from the 
bottom coal. The coal of the middle and bottom benches 
breaks into more or less cubical blocks, and the upper bench 
contains considerable "mother of coal" or mineral charcoal. 
Five typical sections of the coal and associated beds in this area 
are shown in Figure 5. 
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FIGURE 5.-Detailed sections of the Herrin (Belleville or No.6) coal bed. 
1, BNlese--Treuton ldlnlngCo., at Beckemeyer: 2, OdIn Coal Co., at Odin; 8, Centralia Coal Co., 

mIne No. 2, at Centralia; 4, Ceut~alla Coal Co., mine NO}. 4; 5, Chlcago-Saudoval CO}al Co., 
mlne No.2, at Saudoval 

The coal fractures along planes that are commonly marked 
by gypsum and calcite, and on the exposed coal in the mines 
fibrous ferrous sulphate, produced by the oxidation of marca
site or possibly pyrite, is abundant. In some places, partic
ularly in the Odin mine, the coal is cut by calcareous clay 
veins, which are rarely more' than an inch or two thick and 
extend from the top of the bed toward the floor. Such clay 
veins are very unusual in coal No.6 but are characteristic of 
the Springfield coal (No.5). 

Chemical character.-The chemical chal'acter of the coal, 
like the physical character, differs greatly from place to place. 

. In the following statements of analyses the figures showing the 
coal "as received" represent approximately the actual commer
cial product of the area, though there is doubtless some differ
ence as regards moisture and ash. 

The volatile matter in the coal averages about 38 per cent, 
the fixed carbon about 39 per cent, the moisture 12t per 
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cent, the sulphur 4 per cent, and the ash lOt per cent. The 
heating va]ue averages about 11,000 British thermal units, 
nearly the average or a little below the average for the coals 
of Illinois. The heating yalue of the coal of Jackson, 
Williamson, Franklin, and Saline counties is 12,000 or more 
British thermal units, and almost no coal in the State falls 
below 10,000. The sulphur content of the coal of the Carlyle
Centralia district is considerably greater than that of the coal 
in the southern end of the field. The analyses were made 
under the direction of Prof. S. W. Parr in the la.boratories of 
the U ni \Tersity of Ininois. 

P1'orvimate analyses of samples of Herrin coal (Belleville or No.6) from 
Clinton and Marion counties, Ill. 

Clinton Connty. 

Marlon County. 

a Analyses marked with an asterisk (*) are furniHbed by Illinois Coal 
Mining InVestigations, Cooperative Agreement. 

b A, Sample as received; fl, air-dried sample; C, IllQisture·free sample. 
~ Top coal not included. 
a Abandoned mine. 

Mining practice.-As the coal in this area lies rather deep 
below the surface it is everywhere mined by shafts, generally 
by double entry room and pillar, though some mines use the 
panel system or a modification of it. In general, the younger 
the mine the more highly developed is the practice of mining. 

:Nearly half the coal mined in the area is undercut, and ]ess 
powder is accordingly used in blasting coal than in areas where 
the methods of mining are less modern. 

The ,vi,dth of the entries and rooms depends a great deal on 
the character of the roof. Where the roof shale is thin or 
absent and the limestone is used as a roof, the rooms and 
entries are very wide; in places so wide that sometimes 
squeezes aecur. Few of the mines are surveyed, and hence 
accurate knowledge of the width of the rooms and pillars is 
wanting. Howeyer, where the roof is good some of the entries 
are 30 feet or more in width, and some of the rooms more than 
50 feet. In a few plac-es the underclay is soft alld thick, and 
flows somewhat readily, but in general it is comparatively 
resistant. The quantity of coal left as pillars in the mines, 
according to S. O. Andros, is 45 per cent and the coal 
recovered 55 per cent. A much larger percentage of the coal 
might be recovered by robbing the pillars and using It differ
ent mining system, as no doubt would be done if the coal in 
the ground had a ~reater value. A coal bed a foot thick con
tains about. 1,770 tons to the acre. The Herrin coal there
fore averages nearly 11,000 tons to the acre, but under 
present methods only about 0,000 tons is actually hoisted to 
the surface. 

Where the roof shale is thick some of the top coal is com
monly left to support the roof. The coal is less affected by 
exposure to the air than is the shale and hence makes a safer 
roof. Where the shale is 4 inches to 2 feet thick it is gener-

ally removed. The mines are ventilated by powerful fans at 
the surface, but the quantit.y of air required is not so great as 
in some regions, because explosive gases are not often encoun
tered. Few of the mines are sprinkled for t.he pre\"ention of 
explosions of coal dust.. 

OTHER COAr. 

As described under "Stratigraphy" (p. 5) coal occurs at 
severa'! horizons above the Herrin or No.6, bnt all these coals 
appear to be too thin for profitable mining. Most of them are 
also not persistent. Coal No.7, where present, lies 35 to 50 
feet above No.6 and has been obsen'ed in several of the coal 
shafts. It ranges in thickness from 2 or 3 inches up to 3 feet 
or more. It appears to be divided into two beds separated by 
10 feet of clay. Another coal, perhaps equivalent to No.8, lies 
180 to 200 feet above No.6, and in the shaft of mine No.2 at 
Cent.ralia this coal is reported tD be "7 feet thick. The bed was 
mined for a time before the shaft was sunk to No.6. 

Most of the coal from the Carlyle-Centralia district is used 
for miscellaneons heating and for making steam. For such 
use this coal is not inherently so valuable as the best coals 
of the Appalachian field, owing to its relatively high content 
of oxygen, sulphur, ash, and moisture, but nevertheless 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, for attempts to produce a good blast-furnace 
coke from it have not been successful. The fuel-testing plant 
of the United States Geological Survey at St. Louis made 
steaming, coking, briquetting, and gas-producer tests of this 
coal, and the results of these tests have been published. 1 The 
briquetting and gas-producer tests show that the coal is also 
well adapted tD use in gas producers and for briquetting, and 
that., with the development of these industries, the demand for 
the coal should increase. 

OIL AXD GAS.2 

Oil was discovered in paying quantities on the L. Stein 
farm, 2 miles northeast of Sandoval, in the spring of 1909. 
Oil had been known in a seep along a fault in the coal mine 
at Junction City for seyeral years before this and had been 
used about the mine. Three shallow wells had been drilled 
not far from the mine in the search for oil, and a showing was 
found. After they had been shot two of the wells produced 
about 18 barrels a day each, but within a year the production 
dwindled to 3 barrels a day, and they were abandoned. Soon 
after the Stein well was drilled, another well, the Benoist 
No.1, about 1,200 feet to the southeast, was sunk through the 
Stein sand to the Benoist, 140 feet lower. In July, 1909, 
soon after this well had been drilled, it was blowing off a large 
quantity of gas and a spray of oil, which covered the ground 
over a radius of an eighth of a mile from the well. 

The Carlyle oil pool was discovered early in April, 1911, 
when two wells, the Smith No.1 and Murphy :No.1, reached 
the pay sand. Two wildcat wells, about 1,000 feet deep, had 
previously been drilled just south of Carlyle, and one of 
them found a showing of gas but hardly enough to stimulate 
prospecting. 

Since these pools were found many other wells have been 
sunk elsewhere in the area and in the surrounding region, in 
the search for other oil pools, but so far, although the structure 
in several places is favorable, nOlle have been discovered. 
Showings of oil ha \Te been found, however, particularly at 
Barcelso and east and northwest of Centralia. 

Each of the two productive oil pools yielded a maximum of 
about 5,000 barrels of oil a day. The indiyidual wells pro
duced at first from 10 to 1,000 or more barrels a day, the 
average being probably less than 100 barrels. A year after 
each of the pools had been fairly.completely drilled its produc
tion had decreased to about 2,000 ba17els a day, and since then 
the production has gradually dwindled. 

The three producing sands, the Carlyle, the Stein, and the 
Benoist, lie respectively about 635, 785, and 930 feet below 
the Herrin coal. The Ca.rlyle sand probably corresponds to 
the Cypress sandstone, the Stein sand belongs in the Renault 
formation, and the Benoist in the lower part of the Renault. or 
perhaps the upper part of the Aux Vases sandstone. In both 
the producing pools showings of oil and considerable gas have 
been found in other sands, particularly in the Pottsville. At 
Carlyle showings of oil haye been found 330, 440, and 580 
feet belo,.,.. the coal, and in the western part of the pool a 
strong flow of gas and salt water was encountered in the second 
of these sands, which belongs in the Pottsville. In the San
d(HTal pool and near-by territory showings of oil were found in 
a sand less than 10 feet below coal ~o. 6, and here and there 
in other sands in the Pottsville formation. On the whole, gas 
has been found more frequently than oil in fmnds other than 
those thot yielded the heavy production. 

1 U. S. Geol. Survey Bulls. 290, 31:12, 447, and Prof. Paper 48; Bureau of 
~fines Bulls. 13, 23. 24, and 58. 

D The Sandoval oil pool has been described by the Geological Survey of 
Illinois in Bull. 16, 1910; the Carlyle oil pool in Bull. 20, 1915. 



Although considerable gas flows from all the wells, almost 
none of it has been used, except in the work of developing' the 
pools. Experiments to determine the amount of natural-gas 
gasoline that can be made from the gas show that it evidently 
carries several gallons to the thousand cubic feet, but no 
gasoline plants have been erected. 

Salt water is found in all the wells, the main body lying 
just beneath the oil in the same sand, and great care is required 
in drilling to avoid a large flow of salt water. 

The thickness of the productive part of the oil sands 
averages 10 or 12 feet. As the pore space is 10 or 15 per 
cent, it has been estimated that the total amount of oil origi
nally in each pool was between 5,000,000 and 20,000,000 
barrels. The amount recoverable, however, is considerably 
less, depending largely upon the movements of the water. 

The gravity of the oil is generally a little above 330 Baume 
(specific gravity, 0.860); some of it is as' high as 37 0 or 380 

(specific gravity, 0.835). The oil is similar to that obtained in 
the southeastern part of the State and contains much gasoline 
and illuminating oil. 

CLAY. 

The clay resources of the Carlyle-Centralia district are 
extensive but have been little exploited. The principal 
sources of clay are the loess and the alluvium, though in 
some places shale in the Carboniferous system could possibly 
be worked to advantage in connection with surficial clays. By 
far the most abundant source of clay is the loess, which imme
diately underlies the surface almost throughout the district and 
is every",'here useful for making ordinary clay products. It is 
especially useful for making pressed brick. 

LIlIIE81'ONE. 

The only limestones that outcrop in the district are those of 
the -McLeansboro formation, and the purest and most valuable 
is the Shoal Creek limestone, which outcrops along the west 
side of the district. This limestone has been quarried at 
several places along Shoal Creek near the western boundary of 
the Carlyle quadrangle for making lime and rough building 
ston~. Generally the limestones in the district are either too 
thin or too impure or the overburden is too great for extensive 
operation. 

SAND AND GRAVEL. 

Sand suitable for plaster and cement occurs in the form of 
loess in the river alluvium, but not in large commercial quan~ 
tities. Most abundant supplies of well-washed sand and gravel 
are contained in the drift ridges in the vicinity of Keyesport. 

BOIL. 

Most of the soil of the Carlyle~Centralia district has been 
derived from the loess. In places it has been derived chiefly 
from the glacial till, and in a few small tracts it is made up 
largely of detritus of the underlying bedrock The streams of 
the district are bordered by alluvium transported from the inter~ 
stream areas, and as those areas are mantled almost continuously 
by loess the alluvial soil is largely derived from the loess, but 
it contains much gravel and sand derived from the till. 

The soil of the dh:.trict consists of a great variety of more or 
less decomposed minerals. In its formation there seems in 
most places to have been a leaching of lime, compensated in 
some places by the addition of lime by lime-secreting plants 
and animals. The loess soil has the consistency that would be 
expected of a soil composed of dust particles that have been 
somewhat modified by weathering. It is comparatively open 
and porous and consists of extremely fine sand and more or less 
clay. In general the proport.ion of clay seems to increase with 
distance from the Mississippi, so that the soil in the eastern part 
of the district is rather heavier and less porous 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 amount. The general light color of the loess 
soil is due to the character and amount of the organic mate~ 
rial in it, which is controlled in large part by the warm climate 
and good drainage of the region, though there are no doubt 
other fiwtors, such as the original content of lime. 

, .... ATlm RESOURCES. 

Origin of the water.-The water in the Carlyle-Centralia 
district is chiefly that which has fallen upon the surfa<)e from 
time to time in the form of rain or snow. The average pre~ 
cipitation is about 40 inches a year. About one-fourth of the 
water that falls as rain or snow is drained from the area by 
Kaskaskia River; a large paTt if not most of the other three
fourths evaporates before it reaches the streams or percolates 
far underground, though a small part sinks below the surface 
and accumulates in the beds of porous rock. However, some 
of the water in the deep wells, particula.rly the salt water, was 
probably inclosed in the sediments 'when they were deposit.ed 
and was sealed in by impervious beds of clay. It may thus 
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be called fossil sea water. The following analysis of a sample 
collected a fev·,. months after the discovery of the Carlyle oil 
pool sho,."s the character of this water: 

Analysis of water from oU sand in Schlajfty oil well No.1, Ga,rlyle oil 
field." 

[Collected byE. W. Shaw, August, 1911; analyzed by R. F. Gardiner.] 

Potassium (K) __ 
Sodium (Na) ___ _ 
Calcium (Oa) ___ _ 

'Magnesium (MIf) 

Chloride (Cll. __ _ 

Sulphate (SO~) 
Bromide (Br) 

I 
Gnm. P" P:';':::~' 

Utero drous 
relddue. 

.~~~~~~--~--

-- ________ .1 Trace. 0.00 
_ _________ 1 16.6 32.82 

----- ,81 !::: 
3~:: i 62.05 'I ,89 Trae:e. .00 

-5o.sl-100.00 

~~f~~~~~~~#~Ll') __ ::-:: __ ~:::: __ ~:~~:_~:-_--! TY: I :m 
Calcium sulphate (CaS04) ____________________ _I .31 .59 

MagneSium bromide (MgBr.) ______________________ ----j Trace. I_~O 

________ --'-1_"_'0_' I 100,00 

"Well in southwest corner of BE. -l: SE. t sec. 3, T.2 N., R. 8 W., 
Clinton County; depth, 1,OG2 feet; yield, 76 barrels of oU a day. 

Oharacter of the supplies. - The district has an adequate 
supply of fairly good water, which is obtained from streams, 
wells, cisterns, and reservoirs and which is adequate for drink
ing and for ordinary indnstrial uses, yet it is commonly diffi
cult to obtain a sufficient quantity of good water for municipal 
and other uses that require large quantities. 

Soft water is most generally obtained in the Carlyle
Centralia district by means of cisterns. Care is necessary in 
the construction and use of cisterns, however, and the water 
furnished by them may not be suitable for drinking or cook~ 
ing, but if proper precautions are taken they furnish the best 
possible water for use in washing. Methods of treating water 
to improve its quality have been described elsewhere. 1 

Records of stream fiow.--Streams furnish the cheapest and 
most abundant source of water in the Carlyle-Centralia district. 
The United States Geological Survey, in cooperation with the 
State of Illinois, has obtained records of stream flow of 
Kaskaskia River at Carlyle. The gaging station is at the 
Baltimore & Ohio Southwestern Railroad bridge, about a 
quarter of a mile east of the railroad station. The record 
given in the following table extends from March 2, 1908, to 
December 31, 1912, with the exception of October, 1912. 

Monthly discharge of KafJkaskia RifJer at Carlyle, Ill., from Mar. f, 1908, 
to Dec. 81, 191£. 

[Drainage area, i,680 Ilquare mlles.l 

I DiElcllarg~ In seooud-teet. Run.oft 

,1- --,,- "-- --"-- -- i~~~;~ 

1

l'd&x1' Mini, 1 Per drainage 
IlIum. mum. Mean. S~'ife~ area). 

Januar~-=-~--__ ------16,720 --4-71---;'~ -O~~;~ 
February _______________________ 6,420 280 2,100 .784 .82 

March______ _ 112, 1500 61514' 540 1.!l9 1.95 

~:~~~--- --~ I::::: ::: ~::: ::::6 :::: 
July _________ . 6,670 21i I 1,480I.li84 .62 
August 2,1liO 25 I 450 . 168 .19 
September _I B,890 47 659 .246 .27 
October a_____ _ 14,500 2B I 2,160 .806 .98 

~:::::::;~~----------- ~I :::!~ I : I :~: I ::: ::~ 
The period____ . :19:"000 -25i2.1201~m-l0:68 
a No record for October, 1912. 

Sanita1'Y considerations.-By far t.he most serious question 
in regard to the water of any supply is its sanitary qnality. 
Details relating to this subject belong in the field of work ot 
national and Sta~ health organizations, but geologic conditions 
may ha ve far~reaching effects. 

The minerals found in the waters of this district that are 
regularly used for drinking have comparatively little effect on 
health. The real danger is the contamination of drinking 
water with bacteria that produce diseases, notably typhoid 
fever. Even though water may be badly polluted with human 
and other excreta, the absence of the germs of typhoid fever or 
other infectious disease mayenahle those who drink it to 
escape ill effect.s. The fact that water from a given source has 
not caused disease, however, is no guaranty that it will not do 
so as soon as polluting matter containing the germs of' certain 
diseases is contributed to it. 

Deep wells are generally the safest. Shallow wells are 
generally open to suspicion, but by proper location and con~ 

1 u. B. Geol. Survey Gaol. Atlas, New Athens-OkawvIlle folio (No. 218), 
p. 11, 1921. 

struction they can ordinarily be made safe. Many streams are 
so exposed to pollution that water from them is not considered 
safe for drinking until it has been filtered or sterilized by 
bleaching powder or by chlorine, or has received both treat
ments. Some stream waters collected from carefully guarded 
drainage basins and snbjected to long storage may be safe, bnt 
sterilization is nevertheless widely practiced as an added pre~ 
caution. 

Chemical analyses at best furnish little ground for judging 
the sanitary quality of water. The analyses given below and 
the statements made in regard to different water supplies do 
not take into account possible pollution. 

Quality of 8urface water.-Stream water in general contains 
less dissolved mineral matter than most ground water, but for 
many pnrposes surface water is less desirable on account of the 
snspended matter it carries. Much of this suspended matter is 
so finely divided that it settles very slowly and can not be 
removed in practice without the use of a coagulant, such as 
alum or aluminnm snlphate. Some surface water is not suffi
ciently alkaline to make a satisfactory precipitate with the 
aluminum salt, and soda or lime must then be added to 
clarify it, 

From August, 1906, to July 31, 1907, samples of water were 
collected daily from a number of sources in lliinois, and 
analyses were made of composite samples made up of ten con
secntive samples taken at each station. Samples were taken 
from Kaskaskia River at Carlyle and from a reservoir of the 
Chicago & Eastern Illinois Railroad at Cartter, Marion County. 
The following table gives the average results of analyses of 
water from these two points for the year. 

Analyses of IJ'/M'face waters of Olinton and Marion counties, fll. ~ 

[PlU'ts per mUlion. W. D. OoUlns and O. K. Calvert, anslysts.l 

1+.-1 
1~~ I 

Turbidity _______ , ______________________________________ _ 

Suspended matter ________________________________________ _ 
Silica (Si0 2 ) ___________________________________ _ 

•89
1 

47 

Iron (Fe) ________ , ____________________ ._. ___________ _ 
Calcium (Ca) __ . _. _____________________________ _ 

20 
I 14 

,0 I 

Magnesium (Mg) ________ . ___________ _ 

Sodium and potassium (Na+K) ___ _ 
Carbonate radicle (00.) ___ _ 
Bicarbonate l'adicle (RCO.) _______________________ _ .16 I .. 

I 4,8 
I 6,' 

248 I 

Sulphate radicle (SO,) _____________ _ 
Nitrate radicle (NO.) ______________________________________ _ 
Chloride radicle (01) ____ • __________________________________ _ 

Total dissolvsd solids at 180' C ___________________________ _ 
Total hardness as CaCOlb _________________________________ _ 200 I 

"U. S. Gaol. Survey Water-SupplY Paper 289, pp. 62, 79, 1910. 
bComputed. by author. 

1. Kwa.skia River at Carlyle, III. 
2. Railroad reservoir at Cartter, IlL 

. 
72 
63 

16 
1,6 

',0 
',6 
8,6 
0,0 

B4 
16 

',1 

',' .. 
67 

The quantities of the different constituents of the river 
water indicated in the table above are very near the average of 
these quantities for all rivers in the State. The river rises far 
to the north, and its water in this district is therefore a mix
ture of waters from the nOl·them and southern parts of the 
State. Smaller streams in the district carry less dissolved 
mineral matter, and their water resembles rather that from the 
reservoir at Cartter. 

Few open reservoirs are used in the district, although there 
are several in the adjoining region. They furnish water 
similar to the river water in every respect except in the hard
ness and quantity of dissolved constitnents. 

Qualifly of well and sprirIiJ water,-Mo8t of the well and 
spring water of tbis area is snitable for domestic nse and has 
no deleterious effects dne to dissolved mineral matter, but some 
of it is so heavily mineralized that its taste is somewhat objec~ 
tionable, and nearly all of it is hard. For this reason Borne 
families nse cistern water only. Most of the well and spring 
water comes from surficial material. Water commonly stands 
at the base of the loess, just above the less permeable till. It 
is also present in the till,' especially in sandy 1enses, and at the 
top of bedrock in places where compact shale forms the upper
most layer of bedrock. A few wells obtain water from sand
stones that belong to the Chester, Pottsville, Carbondale, or 
McLeansboro formations. Fresh water occurs in most of the 
sandstone beds that lie within about 500 feet of the surface, 
but below 500 feet the water is generally salt or otherwise so 
heavily mineralized as to be unfit for use. The water of the 
St. Peter sandstone, which is abundant and satisfactory in the 
region to the north, contains in this district too much mineral 
matter for use. The pores of the Carboniferous sandstones are 
commonly more or less clogged with clay, and perhaps for this 
reason ,they yield in many places but little water, all of which 
carries dissolved mineral matter of somewhat objectionable 
character. One of the best water-bearing sandstones is in the 
McLeansboro formation, which lies not far below the surface 
in the eastern two-thirds of the CarlylewCentralia district. 
Some part of this formation generally yields a good supply of 
water. 

November, 1922. 
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PUBLISHED GEOLOGIC FOLIOS 

No.* Name offollo. 

Livingston . 
Ringgold. 

• 5 Placerville. 
4 Kingston. 

.5 Sacramento 
6 Chattanooga .. 
'1 Pikes Peak. 
8 Sewanee. 
9 Anthracite-Crested Butte. 

10 Harpers Ferry . 
• 11 Jackson. 

12 Estillville. 
15 Fredericksburg:. 
14 Staunton. 
15 Lassen Peak .. 
16 Knoxville. 
1'1 Marysville 
18 Smartsville .. 
1 9 Stevenson 
20 Cleveland. 
21 Pikeville 
22 McMinnville 
25 Nomini .. 
24 Three Forks .. 
25 Loudon .. 
26 Pocahontas. 
27 Morristown. 
28 Piedmont .... 
29 Nevada City Special .. 
50 Yellowstone Natjonal Park. 
51 Pyramid Peak . 
52 Franklin 
5'5 Briceville. 
'54 Buckhannon. 
55 

" " " " 40 
41 

Gadsden. 
Pueblo 
Downieville .. 
Butte Spe;cial 
Truckee 
Wartburg. 
Sonora 

42 Nueces. 
45 Bidwell Bar 
44 Tazewell . 
46 Boise. 
46 Richmond. ., London .. 
48 Tenmile District Special. 
49 Roseburg. 
60 Holyoke 
61 Big Trees. 
52 Absaroka. 
5. 
54 

Standingstone . 
Tacoma. 

56 Fort Benton 
56 Little Belt Mountains . 
5'1 Telluride. 
58 Elmoro .. 
59 Bristol 
60 La Plata. 
61 Monterey. 

Menominee Special 
Mother Lode District 

52 

5' 
64 Uvalde. 
65 'rinwc Special 
66 Colfax 
6'1 Danville 
58 
69 

" Il 

'2 
" 14 

" 

Walsenburg 
Huntington .. 
Washington. 
Spanish Peaks . 
Charleston .. 
Coos Bay. 
Coalgate. 
Maynardville . 

'2'6 Austin 
'l'Z' Raleigh 
'2'8 Rome. 
'2'9 Atoka .. 
80 Norfolk .. 
81 
82 

Chicago 
Masontown-Uniontown .. 

85 New York City: 
64 Ditney 
85 Oelrichs. 
86 Ellensburg .. 
8'2' Camp Clarke. 
88 Scotts Bluff 
89 
90 
91 

Port Orford 
Cranberry 
Hartvllie . 

92 Gaines 
'd5 Elkland-Tioga. 
94 Brownsville-Connellsville 
95 
96 
9Z 

Columbia. 
Olivet .. 
Parker. 

98 Tishomingo 
99 Mitchell 

100 Alexandria. 
101 San Luis 
102 Jndiana. 
105 Nampa. 
104 Silver City. 
106 Patoka .. 
106 ¥ount Stuart 
107 Newcastle. 
108 Edgemont 

* Order by number. 

State. 

Montana. 
GeoTil'ia-Tennessee 
California 
Tennessee. 
California. 
Tennessee. 
Colorado. 
Tennessee. 
Colorado. 
Va.-Md.-W. Va 
California. 
Ky.-Va.-Tenn . 
Virginia-Maryland. 
Virginia-West Virginia. 
California. 
Tennessee-North Carolina 
California. 
California. 
Ala.-Ga.-Tenn. 
Tennessee. 
Tennessee .. 
Tennessee 
Maryland-Virginia. 
Montana. 
Tennessee 
Virginia-West Virginia. 
Tennessee. 
West Virginia .. Maryland. 
California. 
Wyoming . 
California. 
West Virginia-Virginia. 
Tennesses . 
West Virginia . 
Alabama. 
Colorado. 
California. 
Montana. 
California. 
Tennessee. 
California. 
Texas. 
California. 
Virginia-West Virginia 
Idaho .. 
Kentucky. 
Kentucky. 
Colorado. 
Oregon. 
Massachusetts-Connecticut. 
California. 
Wyoming. 
Tennessee 
Washington 
Montana. 
Montana. 
Colorado. 
Colorado. 
Virginia-Tennessee 
Colorado. 
Virginia-West Virginia. 
Michigan . 
California 
Texas ... 
Utah .. 
C",lifornia. 
Illinois-Indiana. 
Colorado. 
West Virginia-Ohio 
D. C.-Va.-Md 
Colorado. 
West Virginia 
Oregon 
Oklahoma (Ind. T.) .. 
Tennessee. 
Texas 
West Virginia 
Georgia-Alabama. 
Oklahoma (Ind. T.). 
Vir(!inia-North Carolina . 
Illinois-Indiana. 
Pennsylvania. 
New YorJ!:-New Jersey. 
Indiana. . . ~ . 
South Dakota-Nebraska 
Washington .. 
Nebraska. 
Nebraska. 
Oregon. 
North Carolina-Tennessee 
Wyoming . 
Pennsylvania-New York 
Pennsylvania. 
Pennsylvania .. 
Tennessee 
South Dakota 
South Dakota 
Oklahoma (Ind. T.,.. " 
South Dakota 
South Dakota 
California. 
Pennsylvania. 
Idaho-Oregon 
Idaho. 
Indiana-Illinois. 
Washington .. 
Wyoming-South Dakota. 
South Dakota-Nebraska 

t Payment must be made by money order or in cash. 

Price.t 

Gents. 
Out of stock. 

do. 
100 

Out of stock. 
100 

Out of stock. 
do. 
do. 
do. 
do. 
100 

Out of stock. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 

. do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
5 
5 
5 
5 
5 

Out of stock. 
do. 
5 

Out of stock. 
5 

Out of stock. 
5 
5 
5 

Out of stock. 
5 
5 

Out of stock. 
do. 
do. 
5 

Out of stock. 
do. 
do. 
5 

• The texts and economic-geol02'Y maps of the Placerville, Sacramento, and Jack
so.n folioe. which are out of stock, have been reprinted and published as a single folio 
(Folio reprint Nos. '5. 5, and 11), the price of which is $1. 

No.* Name of folio. 

109 Cottonwood Falls. 
110 Latrobe. 
111 Globe. 
112 Bisbee (reprint) 
11'5 Huron. 
114 De Smet . 
115 Kittanning. 
116 Asheville. 
117 Casselton-Fargo. 
118 Greeneville. 
119 Fayetteville 
120 Silverton .. 
121 Waynesburg •.. 
122 Tahlequah. 
125 Elders Ridge . 
124 Mount Mitchell .. 
125 Rural Valley .. 
126 Bradshaw Mountains. 
12'2' Sundance .. 
128 Aladdin. 
129 Clifton. 
150 Rico. 
1 '51 Needle Mountains . 
152 Muscogee . 
15'5 Ebensburg. 
154 Beaver. 
156 Nepesta .. 
156 St. Marys. 
157 Dover. 
158 Redding. 
159 Snoqualmie. 
140 Milwaukee Special 
141 Bald Mountain-Dayton 
142 C10ud Peak-Fort McKinney. 
145 Nantahala 
144 Amity. 
145 Lancaster-Mineral Point .. 
146 Rogersville. 
14'2' Pisgah. 
148 Joplin District (reprint) 
149 Penobscot Bay. 
150 Dsvils Tower. 
151 Roan Mountain. 
152 Patuxent .. 
155 Ouray .. 
154 Winslow 
166 Ann Arbor (reprint) . 
156 Elk Point .. 
157 Passaic. 
158 Rockland .. 
159 Independence 
I 60 Accident-Grantsville 
161 Franklin Furnace 
162 Philadelphia. 
165 Santa Cruz. 

tl64 Belle Fourche 
t 165 Aberdeen-Redfield. 

166 EIPaso. 
167 Trenton. 

P68 Jamestown-Tower 
169 Watkins Glen-Catatonk. 
1 '2'0 Mercersburg-Chambersburg 
1 t1 Engineer Mountain. 

P72 Warren. 
175 Laramie-Sherman. 
l'I4 Johnstown. 
1 '2'5 Birmingham .. 
1 '2'6 Sewickley 
1 '2''2' Burgettstown-Carnegie. 
1 '2'8 Foxburg-Clarion. 
1 'I9 Pawpaw-Hancock. 

nBO Claysville. 
t181 Bismarck .. 
t 182 Choptank. 

185 Llano-Burnet 
184 Kenova .. 

11185 Murphysboro-Herrin 
11186 Apishapa. 
118'2' Ellijay 
1188 Tallula-Springfield. 
189 Barnesboro-Patton 

11190 Niagara .. 
111 91 Raritan.. 
192 Eastport .. 

11195 San Francisco . 
194 Van Horn 
195 Belleville-Breese. 
196 Phillipsburg 

1119'2' Columbus. 
198 Castle Rock . 
199 Silver City. 
200 Galena-Elizabeth 

11201 Minneapolis-St. Paul 
202 Eureka Springs-Harrison .. 
205 Colorado Springs . 
204 Tolchester. 

1206 Detroit. 
206 Leavenworth-Smithville. 
20, Deming. 
208 Colchester-Macomb. 
209 Newell. 
210 Herman-Morris 
211 Elkton-Wilmington. 
212 Syracuse-Lakin. 
21'5 New Athens-Okawville .. 
214 Raton_Brilliant_Koehler 
215 Hot Springs. 
216 Carlyle-Centralia. 

State. 

Kansas. 
Pennsylvania. 
Arizona. 
Arizona. 
South Dakota 
South Dakota 
Pennsylvania. 
North Garolina-Tenneseee 
North Dakota-Minnesota . 
Tennessee-North Carolina 
Arkansas-Missouri 
Colorado. 
Pennsylvania. 
Oklahoma (Ind. T.) 
Pennsylvania. 
North Carolina-Tennessee 
Pennsylvarua . 
Arizona. 
Wyoming-South Dakota. 
Wyo.-S. Dak.-Mont . 
Arizona. 
Colorado. 
Colorado. 
Oklahoma (Ind. T.) 
Pennsylvania. 
Pennsylvania. 
Colorado. 
Maryland-Virginia. 
Del.-Md.-N. J 
California. 
Washington. 
Wisconsin. 
Wyoming. 
WyomiU-2' . 
North Carolina-Tennessee 
Pennsylvania .•...... 
Wisconsin-Iowa-Illinois . 
Pennsylvania ........ . 
N. Caroiina-S. Carolina. 
Missouri-Kansas. 
Maine. 
Wyoming .......... . 
Tennessee-North Carolina 
Md.-D.C. 
Colorado. 
Ark.-Okla. (Ind. T.) . 
Michigan. 
S. Dak.-Nebr.-Iowa . 
New Jersey-New York. 
Maine. 
Kansas, 
Md.-Pa.-W. Va 
New Jersey 
Pa.-N. J.-Del. 
California. 
South Dakota 
South Dakota 
Texas. 
New Jersey-Pennsylvania. 
North Dakota 
New York 
Pennsylvania. 
Colorado. '. . ..... . 
Pennsylvania_New York. 
Wyoming . 
Pennsylvania. 
Alabama. 
Pennsylvania. 
Pennsylvania .. 
Pennsylvania. 
Md.-W. Va.-Pa 
Pennsylvania. 
North Dakota 
Maryland. 
Texas. 
Ky.-W. Va.-Ohio. 
Illinois 
Colorado. 
Ga.-N. C.-Tenn . 
Illinois 
Pennsylvania. 
New York 
New Jersey 
Maine. 
California. 
Texas . 
Illinois 
Montana. 
Ohio. 
Colorado 
New Mexico. 
Illinois-Iowa. 
Minnesota. 
Arkansas-Missouri 
Colorado 
Maryland. 
Miohigan . 
Missouri-Kansas. 
New Mexico . 
Illinoie. 
South Dakota 
Minnesota 
Md.-Del.-N. J.-Pa . 
Kansas. 
lllinois. 
New Mexico-Colorado. 
Arkansas. 
Illinois. 

t Octavo editions of these folios may be had at same price. 

Price·t 

Gents. 
5 

Out of stock. 
do . 
25 
5 
5 

Out of stock. 
do. 
5 

Out of stock. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
50 

Out of stock. 
do. 
do. 
do. 
do. 
do. 
25 
5 

Out of stock. 
do. 
do. 
do. 
do. 
do. 
do. 
5 
5 

Out of stock. 
do. 
5 

Out of stock. 
do. 
do. 
5 

Out of stock. 
do. 
do. 
do. 
do. 
do. 
do. 
5 
5 
5 

Out of stock. 
do. 
25 
5 
25 
25 
25 
50 

2" 
25 
'5 
25 
25 
25 
25 
25 
25 
25 

2" 
25 
25 
25 
50 
2. 
25 

2" 
28 
25 
25 
25 
25 
50 
25 
25 

II These folios are also published in octavo form at 50 cents each, S)tcept No. 195, 
which is 75 cents. 

The stock of folios from Nos. 1 to 184 and No. 186 was damaged by a fire in the Geological Survey building. but those folios that were only slightly damaged and are usable will be 
sold at 5 cents each. They are priced accordingly in the list above. Circulars showing the location of the area covered by any of the above folios, as weH as information concerning topo
graphic maps and other publications of the Geologioal Survey, may be had on application to the Director, United States Geological Survey, Washington, D. C. 




