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GEOLOGIC ATLAS OF THE UNITED STATES. 

UXITS OF SrnVEY AND OF rUBLICATlOX, 

The Geolop;ieal Survey is making a top0f!:l'ilphie and a geo
logic Htlas of the United States. The topogl'uphie ntlas will 
cOllsist of maps cHlled aila!; and the geologie HtlllS will 
com~ist of culled folio 1m·Judes topogrnphic 

mapR a certain four~8irled arc:], called a fjuad-

Ot' more than one such Hrea, and a text describing its 
topographic awl geologic features. A quarlrangle is limited by 
ptl,l'allels and mer'idialls, not by political boundary litles, such 
u" those of Sill,feB, counties, an.d township.'l. Each fJuadrangle 
is named from H town or a natural feature within it, lind 1:It 
the sides and eOl'lWTS of each map arc printed the llllllles of' 
a.djacent quadrangles. 

BUALES OF 1'HE M.L\PS. 

On it map dra\vn to the seale of' 1 inch to the mile a liw:>ar 
mile on tbe ground would be represented by a linei'll' inch on 
the lllap, and eaeh square mile of the ground would be repre
sented by I'l square inch of the map. The scale may be expJ'essed 
also by a fraction, of which the llumemtor repre1:lents a unit of 
lineal' meH8urc all tbe map and the denominutor the eorr£'
spoll(ling number of' like units 011 the ~routJd. Thus, as tlwre 
a.rc 63,3GO inches in a mile, the scale 1 inch to the mile il:l 
expressed by the fradion ti'T,~-,u' or the ratio 1:G:3,3DO. 

The three seales most commonly llsl!d on the stamlHrd 
maps of the (h~ologieal ~urve'y are 1: ;U,GHO, 1: G:!,500, and 
1 : 12fi,000, 1 inch 011 the nmp corre1:lponding approximately 
to one-half mile, 1 mile, and 2 miles un the ground. On the 
scale of' 1 ::n,OHO a square inch of map surface reprcsents 
abont one-fourth of a square mile of eluth smfuce; on thc 
seule of l: 02,500, about 1 square mile; and on the seale of 
1: 125,000, about 4 square miles. In general a standur(l Iuap 
on the seale of 1: 120,000 represent" one-fourth of a "s(l'wre 
degree"-that is, oue-fburth of au area mem:Hll'ing 1 dt'gree of 
latitude by 1 degree of longitude; one on the seule of 1 : U2,500 
represents one-sixteenth of 11 "square degree"; and one on t.he 
scule of 1::n,()80 represents one-sixt.y-follrth of' a "square 

The areas of the eOl'l'e"ponding qlladrauf!:les are 
1,000,250, and GO square miles, though tJll'Y diner with 

the latitude, a. "square degree" in the latitude of Bostoll, for 
example, being ouly ;1,525 square miles lind OIW in tile latitude 
of Galveston being 4,150 square miles. 

l!'EATCUE8 SHOWX OK THE TOI'O(3UAPlIJ() .l\L\PS. 

The features repre~e[]ted on tlle topographic nwps eOlllpri~e 
three gelleral clas8es-~1) inequalities of sur1;u:e, such liS 

p1:1ins, plateaus, valleys, hills, and lllouutuins, whidl collec
tively make up tbe relief of the area; (2) bodies of Winer, .':lueh 
as B!reamS, Jakt's, tidul flats, and thp ~:Wll, which 
colleetively nUlke up the (:3) such works of llwn as 
roads, railroads, buildings, villages, and cities, ,dJieb collec
tively are known <IS culture. 

Rdi(f-i'I,.ll altitudes are measured fl'otll tlJeall sea level. 
The hcip;llts of lllany points have hePll aC(~llrately deterillined, 
and thoeJe of some al'P given on the Illap ill ligul'es. It is 
de1:limble, however, 10 show the altitude of all parts of t.he m'en. 
mapped, the fimu of t.he surfilCe, Hnd tlle grade of all slopes. 
This is done by contour lines, printed in brown, f'Heh repl'e
seJltinf!; a certain height aboyc sea lt~\'el. A eontoul' on the 
gronnd paSHes througl~ point!; that huye thl~ Slillle Hltitudp. 
UIJ(~ who follows a contour will go neither uphill 1101' downhill 
but on it level. The manner in which COlltour lines express 
altitude, form, and slope is shown in figure 1. 

j,'HiURE l.-Jd!<a! view lind corresponding CI,IlTOI!l·llIap. 

The view represents a river valley between two hills. In 
the foreground is the sea, with a bay that is partly inclosed by 
a hooked sand bal'. On each side of the valley is a terrace. 
The terrace on tlle right merges into a gentle upward slope; 
that on the left m"erges into a" steep slope tha.t passes upward to 
a cliff, or scarp, which contrasts with the gradual slope back 

from its crest. In the map each of these features is indicated, 
directly beneath its position in the view, by contour lines. 
This map doe::; not include t.hc distant part of the view. 

As contours are continuous horizontal lines they wind 
smoothly about smooth surfaces, re('ede into ravines, and pro
ject around spurs or prominences. The relations of contour 
curves and angles to the f()l'm of the land can be seen from 
the ma p llnd sketch. The contour lines show not only the 
shape of' the hills Hud valleys but their altitude, as well as the 
steermess or grade of all slope::;. 

The vertical distance represented by the space bebveen two 
suceessi\'e eontour )incs-the contour interval-is t.he same-, 
whcther the contours lie along a ciiff or on a gentle slope; but 
to rellch a given height on a gentle slope one must go fart.her 
than on a steep slope, and therefore contours are far ap1],rt on 
gentle slopes and neal' together on steep slopes. 

The cont.oul' interval is generally uniform throughout a 
single map. The relief of a fiat or gently undulating coullt.ry 
can be adequately represented only by the use of a small con
tour int.erval; that of a steep or mountainous country ('all gf'U
erally be adequat~,,]y represented on the Rame seale by the IlRe 
of It largcr interYul. The smallest interntl eommonly uscd on 
the atlas sheets of the Geological Survey is 5 fe~t, \vhieh is 
used fol' regions like the Mississippi Delta and the Dismal 
Hwam p. An interval of' 1 foot hus been used on SOllle large
seale ))laps of very fiat areas, On map::; of more rugged ('OllIl

try (~ontolll' intervals of 10,20,25,50, and 100 ffod are u.'led, 
and on maps of great mountain masses like those in Colorado 
the interval may be 260 feet. 

In figure 1 the eoutour interval is 20 feet, and the contoHr 
lines therefore represent ('ontours at 20, 40, GO, and 80 feet, and 
so on, above lIIean sea level. Along the contoUl' at 200 feet lie 
all poi11ts that are 200 feet above the sea-that is, this contour 
Y\'Quld be the shore line if the sea were to rise 200 feet; along 
the contour at 100 feet are all points tllat are JOO feet above 
the sea; and so 011. In the spa.ce between a.ny two contoltl's 
a.re all points whose altitudes am above the lower aTHl below 
the higber contonr. Thus the contour at 40 feet fulls just 
below the edge of t.he terrace, and that at 60 feet lies above til(' 
terrace; therefore all points on the terraee are Rhown to be 
more than 10 but less than 60 feet above the sea. In cllis 
illustration all the cont.our lines are numbered, but. on most of 
the (;eological Survey's maps only certaiu ('ontour lines
say every fifth one, ,vhich is made slightly heavier-are num
bered, fo!' the heighti:l shown by the others may be learned 
by counting up or down from these. 1\1ore f'xact altitudes 
fot' lll<lll)' points lire given in bulletins publi::;hed by the 
<3eolof!;ical ~urvey. 

DTrl"t!l.uye.-'Vatercourses are indicated by blue lines. The 
line fo!" a perenni~l stream is unbroken; that for an inter
mittent stream is dotted; and that for a stream which sinks 
and rell ppears is broken. Lakes and other bodies of water 
and the several types of marshy areas are also shown in blue. 

Cutture.-8ymbols for the cultural features and fo!" pubEc
land land lines and other boundary lines, us ,yell as all the 
lettering and the map projection, are printed in black. 

FlilATUHJ~8 SIlO"WS ON THE GlilOLOGIC ..\rApS. 

The maps representing the geology show, by color8 and 
conventional signs printed on tlle topographic map as a base, 
the distribution of rock masses on the surft.lCC of the land 
and, by means of structure sections, their underb'Touud rcla
tions so far as known, in such detail as the scale permits. 

KINDS OF ROCKS. 

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

Igneous rocks.-Rocks that have cooled and consolidated 
from a state of fusion are known as igneous. l\101ten material 
has from time to time been forced upwa,rd in fissures or chan
nels of various shapes aud sizes through ro('ks of all ages to 
or nearly to the surface. Rocks forllled by the consolidation 
of molten material, or magma, within these channels-t.hat is, 
below the surface---are called intrusive. An intrusi ve mass 
that occupies a nearly vertical fissure which has approximRtely 
parallel walls is called a dike .. one that fills a large and irreg
ular conduit is termed a stock. Molten material that traverses 
stratifi((d rocks llIay be intruded along bedding planes, forming 
masses called sillB or sheets if they are relatively thin and 
laccoliths if they are large lenticular bodies. :Molten material 
that is inclosed by rock cools slowly, and its component 
minerals crystallize when they solidify, so that intrusive rocks 
are generally erystalline. Molten material that is poured out 
through channels that reach the surface is called lava, and 
laya lllay build up volcanic mountains. Igneous roeks that 
have solidified at the surface are called extrusive or effusite. 
Layas generally cool more rapidly than intrusive rocks and 
contain, especially in their outer parts, more 01' less volcanic 
glass, produced by rapid chilling. The outer parts of lava 
flows are also usually made porous by the expansion of the 
gasei:l in the magma. Explosion,., due to these gases may 
accompany volcanic eruptions, causing the ejection of Just, 

ash, lapilli, and la.rger fragments. These materials, when, con
solidated, constitute breccias, agglomerates, and tuffs. 

Sedinwnlm'Y rocks.-Roek.., composed of the transported 
fragments or particles of older rocks that have undergone 
disintegration, of volcanic material deposited in lakes and seas, 
or of material deposited in such bodies of water chemical 
precipitation or hy organic action are termed ,,"<rll<inw:ry. 

The chief agent in the transportation of rock debris water 
in motion, including rain, streams, and the water of lakes and 
of the sea. The materials are in large part carried as solid 
particles, and the deposits they form are called mechanical 
Such deposits are gruvel, sand, and clay, "'hich are later con
solidated into conglomerate, sandstone, and slwle. Som'e of 
the materials are carried in solution, and deposits composed of 
these materiHls are called organic if formed with the aid of life 
01' ehemical if formed without the aid of life. The more com
mon rocks of chemical and organic origin are limestone, chert, 
gypsum, salt, certain iron ores, peat, lignite, and eoal. Any 
one of t.he kinds of deposits named may be formed separately, 
or the different materials may be intermingled in many ways, 
producing a great variety of rocks. 

Another transporting agent is air in motion, or wind, and a 
third is ice in motion, 01' glacieI'l:l. The most characteristie of 
the wind-borne 01' eolian deposits is loess, a. fine-grained earth; 
the most characteristic of the glacial deposits is t£ll, it hetero
geneous mixture of boulders and pebbles with clay or sand. 

.Most RedimenullT rocks are made np of layers or beds 
tlltlt can be easily sepamted. These layers are called stmta, 
and rocks deposited in such layers are said to be 

The surfwe of the earth is not immovahle; oYer regions 
it very slowly rises or sinks with reference to the.sea, and shore 
lincs are thus changed. As a result of upward movement 
mariue sediment.ary rocks may become part of the laud, and 
most of our land surface is in fact composed of rocks that were 
originally deposited as sediments in the sea. 

Rocks exposed at the surface of the land are aded on by ail', 
water, ice, animals, and pla.nts, especially the low organisms 
known as bacteria. They gradually disintegrate, and their 
more soluble parts are leaehed out, tIle less soluble material 
being left as a 1'eBidual layer. ,Yater wllshes this material 
down the slopes, and it if> eventually carried by rivers to the 
oeean or other bodies of water. Usually its journey is not con
tinuous, but it is temporarily built into river ba.rs und flood 
plains, where it forms alluvium. Alluvial deposits, glacial 
deposits (collectively knovm as drift), and eolian depositR 
belong to the surficial class, and the residual layer is com
monly included with them. The upper parts of these deposits, 
whit'h are oceupied by the roots of plants, constitute soils and 
subsoils, the soils being usually distinguished by a eonsiderable 
admixture of organic matter. 

31damorphio 1'ocks.-In the course of' time and by various 
processes rocks may become greatly changed in composition 
and texture. If the Hew characteristics are more pronounced 
than the old the rocks are called metamorphic. In the process 
of metamorphism the chemical constituents of a rock may 
entcr into IJew combinations and certain substances may be lost 
or new ones added. A complete gradation from the primary 
to t.he metamorphic form lllay exist within a single rock mass. 
Such changes transform sandstone into quartzite and limestone 
into marble and modify other rocks in various ways. 

From time to time dUl"illg geologic ages rocks that have been 
deeply buried and have been subjected t.o enorlllOUS pressure, 
to slow movement, I'lnd to igneous intl1lsion haye been after
w(lrd raised and later exposed by erosion. In such rocks the 
original structural features may have been lost entirely and 
new ones Sll bstituted. A system of parallel planes along which 
the rock can be split most readily may have been developed. 
This acquired quality gives rise to cleavage, and the cleavage 
plUtH'S may cross the original beddin~ planes at any angle. 
Rocks characterized by cleavage are called slates. Crystals of 
mica or other minE'rals may have grown in a rock in parallel 
arrangement, causing laD?-ination or foliation and producing 
what is known as schistos"ily. Hocks that show schistosity 
are called schists. 

As a rule, the older rocks are most altered and the younger 
are least altered, but to this rule there are many exceptions, 
cspecially in regions of igneous activity and complex structure. 

GEOLOGIC FOltMATIONS. 

For purposes of' geologic mapping the rocks of all the kinds 
above described are divided into formations. A sedimentary 
formation contains between its upper and lower limits either 
rocks of uniform character or rocks more 01' less uniformly 
varied in character, as"for example, an alternation of shale and 
limestone. If the passage from on.e kind of rocks to another 
is gradual it may be necessary to separate two contiguous for
mations by an arbitrary line, and the distinction between some 
such formations depends almost entirely on t1e fossils they 
contain. An igneous formation contains onc or more bodies 
of one kind of rock of similar occurrence or of like origin. A 
metamorphic formation may eonsist of one kind of rock or of 
several·kinds of rock having common characteristics 01' origill. 

[CoIltiIlued Oil illslde back cover.] 



When it is desirable to recognize and JHap one or more 
specially developed parts of a fOrIlwtion the parts are called 
members or b,Y some other appropriate term, such as leni'ilK 

AGE OF THE FornfA'l'JONR. 

Geologic ti1ne.~Thc larp;est divisions of geologie time are 
called e1'a.8, the next smaller al'e called periods, ftnd the still 
smaller diyisions are ealh~tl ('jJoehR. RnbdiYi~ions of the Pleis-
tocene epoch are called The flge of a rock is expressed 
by thc name of' the time ill 'ivhich it was formed. 

The sedimentary formatiolls dcposited during It geologic 
period are called a system. Tllc principal divisions of a system 
are called series. Any aggl'ega1f' of fOl'mationc less than a 
series is ealled a group. 

As sedimenhll'Y deposits accumulate sl1(Tf'ssively t.he younger 
rest on the oldt'r, and their relative ages llllly be determined hy 
observing their positions. In mallY regions of illtem~e disturh
anee, howevel', the beds have beelL OVf'rllu'Il('t\ by folding or 
their relations to adjaeellt beds ha VEl heell ehanged by faulting, 
so that it may bc diilieult to determille tlif'ir relative Hg-es from 
their present poeoitions at tlw surfa('f'. 

Many stratified l'oeks eontain thl' remains or imprints 
ofplallts and animals which, at tillle the strllta were depos-
ited, lived in bodies of ,vatcr or werc ,vashcd into them or 
were buried in surficial deposits on the land. Sudl rocks are 
said to be fossilifl'rous. A study of these fossilR has shown 
that the forms of life at eHell period of the earth's history ,yere 
to a great extent different frolll the forms at other IJeriods. 
Only the simpler kinds of marine plunts au (I animals lived 
whell the oldest fossiliferous rocks \\'er(' deposited. From time 
to time more complex kiuds dcyeloped, and as the simpler 
oues lived on in modified forlU:'; life beC!lllle more varied. But 
during each period there liyed forms t.hat did not exist in 
eHrlier timcs and have not existed since; these are c/wmcferi"h·f} 
types, and they define the age of imy bed of rock in which 
they are found. Othcr typcs pasH(~d on from perio(} to period 
and thus linked the systems together, forming a ehain of life 
from the time of the oldf'st f08silifer01ls rocks to tlw present. 
If two sedimentHry forlUatiolls are geogl'aphieally so fitr apart 
that it is impossible to determine ih~ir relative positiolJi::l the 
characteristic fossils fOllnd in thcm lIlay determine which was 
deposited fhst. FossilH are also of vHluc in determining the 
age of formations ill the l't'giOllS of intense di,':lturhuuee men
tioned above. The fus::ljls found in the btl'Hia of' diilPT'ellt areas,' 
provinces, and eOlltinents afford the most effediYe means of 
combining loeal histories into a gelH,mti emth history. 

It is ill lUallY places diilieult or illlp0:,lsible to determine the 
age of Ull igneous forlUation, bllt th(~ rt'ltttive of SUdl a 
formation can in general he Hscel'taiued by whetlH'l' 
an associated sedimentary forlIllltion of known agc i8 cut by Lbe 
igneous muss or lies upon it. t:'illlilariy, the time at. whicb 
metamorphic rocks were formed f]'()J)] tLe originu 1 IlWSS('S wily 
be shown by their relations to adjaeent fiH'lIlU1io1l8 of known 
age; but the age recorded 011 the llJUP is that of the original 
masses Htllluot that of their metamorphism. 

Symbols, f}olut's, and palte1'us.-Eaeh fornmtioB is shown on 
the map by h distinctive eomhination of' ('0101' an(l pattern and 
is labeled by a speciulletter ~yI1Jbol. 

Patterns compooeJ of parallel straight lilles arc used to 
represent sedimentary formations deposited iu the ill lukes, 
or in other bodies of atamling wuter. Pau0rJ]s dots and 
circles represent alluvial, glaeial, and eolian formations. Pat
terns of triangles and rhombo are u",ed for igneous formations. 
Metamorphic rocks of unknown origin llre represented by 
short dashes irrcgularly placed; if the rock is schist the dashes 
may be arranged in wavy lineo parallel to the stl'ueture planes. 
Suitable combination patterns are used for llwtalllorphie torma
tions that are known to be of s(~dilllentar'y or of igneollo origin. 
The patterns of each class are printed in variolls ('olol's. The 
colors in whieh the pat.terns of parallel lines are priuted indi
cate age, a particular color being assigned to e;wh system. 

Each symbol consists of two 01' more letters. The symbol 
for a formation whose Hf!;e is known includes the system sym
bol, which is a capital letter or monogram j thc symbols for 
other formations fire eotuposed of small letterH. 

The names of the geologie time divisions, arnmged in order 
from youngest to oldest, and the eolor und sYlllboll1ssigned to 
each system are given ill the i:iubjoined table. 

Geologic time di'oisiu'll;; wwl lIymbo{1J anil GulorlJ rlllll<lln,.d 10 (he rut'k SYlltellM, 

~----;----- ---~--

q,och or "~ries I ~,~lt,:~~~~~~~,;,~~~~, 

DlWELOPM..ENT AND SllU';U'lCANCE 0(" fo,UltFACE FOIDIS. 

Hills, valleys, and all other surtilCe f<mns have been pro
duced by geologic procei::lses. Most valleys are the re,',)ull of 
erosion by the stream,',) that flo\\ through them (see fig. 1), 
and the aUuyial plaini::l that border llmlly streams were built 
up by the streams; waves eut !:lea diffs, and wan's and currents 
build up sand spits and bars. Surt~lCe forllls t1ms constitute 
part of the record of'the history of' the earth. 

Some forms are inseparably connected with deposition. The 
hooked spit shown in figure 1 is an illustration. To this class 
belong beaches, alluvial plains. lava streams, drumlillB (smooth 
oval hills composed of till), and moraines (ridges of drift made 
at the edges of glaciers). Other forms are produeed by erosion. 
The sea cliff is an illust.ration; it may be carved from any rock. 
To this class belong abandoned river channels, glacial fUl'rows, 
and peneplains. In the making of a stream terraee an alluvial 
plain is built and afterward partly eroded away. The shaping 
of a plaiu along a shore is usually a double process, hills being 
worn awa.y'(dt:graded) and valleys filled up (aggraded). 

All parts of the land surface fire subject to the action of air, 
water, and ice, which slowly wears them uown, producing mate
rial that is carried by streams toward the sea. As this wearing 
down depends on the flow of water to the sea it can llOt be 
carried helO\" sea level, which is therefore called the base-let'el 
of erosion. Lakes or large rivers may determine base-levels 
for certain region:;:. A large tract that is long undisturbed by 
uplift or suhRidelice is worn down nearly to base-level, and the 
fairly even :;:uriilC'e thus produced is ealled a peneplain. If t.he 
tract iR afterward uplifted it beeomes 'a 'record of its former 
close relation to base-level. 

'l'HB GlinLOGIC }IAPS AND SHE~JTS 11\ THE FOLIO. 

rnap. ~ The map showing the surface areas 
several formations is called an areal-geology 

rnap. margin is an explanation, whieh is the key to 
the map. To ascertain the meaning of any color or pattern 
and its letter symbol the reader shonld look for that color, 
plltt,ern, and symbol in the explanation, where he will find 
tlll) name and description of' the formation. If he desires to 
find any particular formation he should examine the explanu
tion and find its name, eolor, and pattern find then trace out 
the areas on the map corresponding in color and pattern. 
The explan<ltion shows also parts of the geologie history. The 
nallles of forlllutions are arranged in columnar form, grouped 
primarily )1ecording to origin-sedimentary, igneolls, and meta
morphil' roc'ks of llnknowll origin~and those within earh 
group are placed ill the order of age, the youngest at the top. 

.E.(;oltoJnic-geuluyy '/(utp.~The Blap repres€llting the distI'ibu
tion of usf'i'ul lllint'ntls and ro('ks and sbO\ving their relations 
to the t.opogrnphie features lmd to the f!;eologie formations is 
termed t}l(~ (Yo'llOtnic-ge%,qy '/1U(p. Most of the formations 
indicated OIl tll<:' areal-grology map are shown on the f'conomie
geology nlllp by patterns in f~lillter eolors, hut the areas of 
productive f()rmatiollH are emphasized by strOJlg eolOl's. A 
mine symbol shows th(' loeation of each mine or (luarry and 
is accotllpanied by the IlHme of the principal mineral product 
mined or qnHrried. If there Ilre important mining industries 
or artesian basins in the area the folio includes speeial maps 
showing these additional economie feHtures. 

SlructU'I'p-.w'cliun ~/u:et.~The relations of different beds to 
one another llIay bp 8(Wn in ('liffs, canyons, shafts, and other 
Ilatural aJl(l artilieial enttillgs. ..\lly cutting that exhibit8 these 
rf'lations is ('nlled n section, an(l the Sl1llle tt'rlll is applied to a 
diagrfllll representing the relations. The arrangement of t.he 
beds or masscs of rock in the earth is called 8iructu1'e, and a 
seetion showing this urrangement is called n structure section. 

FIGURE 2.-Sketch I!liowing' a vertkal section below t,be Burface at the (ront 
and a view beyond, 

The geologi1lt is not limited, however, to natural and arti
ficial cuttings for his information concerning the earth's struc
ture. Knowing the tHlHlner of formation of rocks, after tracing 
out the rt"illtion8 of the beds on the surfitce he ean infer their 
relative positions beneath the surface and can draw sect.ions 
representing- the probable structUl'e to a considerable depth. 
Such a section is illustrated in figme 2. 

Shalys .. ndatone 
glomerate, 

Mas~l"e(j,nd bBdded 19neoua rock. 

FIGURE 3.-Symuols used in ~f'fltion~ to represent different kinds of rock. 

The figme represents a landscape that is cut off sharply in 
the foregl'ound on a vertical plane so as to show the under
ground relations of the roeks. The kinds of rock are indicated 
by appropriate patterns of lines, dots, and dashes. These 

patterns admit of much Yllriation, but those shown in figure 3 
are nsed to repr€!'lent the commoner kinds of rock. 

The platean shown at the left of figurc 2 prt:'sents toward 
the lower land fln esearpment, or front, mude up of sandstone, 
which forms the diffo:l, and shale, whielJ forms the slopes. The 
broad belt of lower lalld is tra versed hy several ridges, w hieh, 
as shown in the sedion, correspond to the outcrops of a folded 
bed of' sandstone that ris~s 10 the suriaee. The upt.urned 
edgt's of thi., bed form the ridges, and tlw intermediate valleys 
follow the of limestone and calellreolls slwle. 

'\There the of the bed" appear at the surface their 
thickness can be measured and the angles at which they dip 
below the surfilCe can be observed, and by means of these 
observations their positions underground are inferrcd. The 
direction of thc intersection of the surface of a dipping bed 
with a horizontal plane is called its strike. The inclination of 
the bed to the horizontal plane, llleasured at right angles to 
the strike, is called its 

In many regions the are bent into troughs and arches, 
such as are seen in Hgure 2. The arehes are called ant£clines 
and the troughs 8!1ncfilles. As the materials that formed the 
sandstone, shale, and lilliestone were deposited heneath the sea 
in nearly fiat layers the fact that the beds are now bent and 
folded shows tha.t forees have from time to time eaused the 
earth's crmlt to wrinkle along certain zones. In places the 
beds are broken across and the parts haye slipped past each 
other. Such breaks are termed fnults. Two kinlle! of faults 
are shown in figure 4. 

• FIGURE 4,-lLleaJ seetiolls of broken and hent stratu, ~howillg (aj nurmal 
faults and (b) It thru;;t or l'BOe)'1J8 fault, 

At the right of figure ~ the seetion shows schists that are 
traversed by igneous rocks. The schists are mudl contorted, 
and the form or arrangement of' t.heir masses underground can 
not be interred. Hence that part of' the section show~ only 
what is probable, not what is known by observation . 

The section also shows three sets of formations, distinguished 
by their underground relatioll:>. The uppermost set, seen at 
the left, is made up of beds of sandstone and shale, \'<'hieh lie 
in a horizontal position. The8e beds werc laid down under 
water but are now high above, the sea, forming' 11 plateau, and 
t.heir change of altitude shows that this part of the earth's 
surface has been nplifted. The bed!:l of this set are con
formable-that is, thcy are parallel and show no break in 
sedimentation. 

The next lower set of formations consists of beds that are 
folded into arches and troughs. The beds W()re once eontin
UOllS, but the crests of thc arches have been removed by erosion. 
These beds, like those of the upper set, are conformable. 

The horizontal beds of the plateau rCi:it upon the upturned, 
eroded edges of the beds-of the middle !-3et, Hi:) shown at the left 
of' the section. The beds of the upper set are evidently 
youllgE"r thall those of the middle set, which mllst have heen 
folded and eroded between the time of their deposition and 
thHt of the of the upper beds. The upper beds al'e 

to the middle beds, and the sUI'Ewe of' contact 

sct of formations consists of erystalline sehists 
and igneous rocks. At. some period of'their llistory the schists 
were folded 01' plicated by pressure and intruded by masses of 
molt.en rock. The overlying beds of the llliddle set have llOt 
heen tra ver::led by these intrusive roeks nor ha \'e they been 
1Jffected by the pressure of the intrusioll. It is evident that 
considerable time elapsed between the formatioll of the sehists 
and the llf'ginning of the deposition of the beds of the middle 
oet, and during this time the schi8ts ,,,ere metamorphosed, 
disturbed by the intru::;ion of igneous masses, and deeply 
eroded. The contact between the llJiddle and lowest sets is 
another unconformity j it marks a period of el'osion between 
two periods of deposition. 

The section and landscaJ5e in figure 2 are ideal, but they 
illustrate actual relations. The seetions on the stnwture
section sheet are related ttl the maps in much the same way 
that the sQction in the ligure is related to the landsca pe. The 
profilc of the surface in E:'ach structure seetion corresponds to 
the actual slopes of the ground lliong the seetioll line, and 
tile depth to any mineral-producing 01' water-bearing bed 
~hown ma,y he measured by using the seale given on the map. 

Culumna?' seetion.~Many folios indude a culumnal' section, 
which contains bl'ief deseriptions of' the sedimetltal'Y formations 
in the quadrangle. It shows the chameter of the rocks as well 
as tLe thickness of' the formations flnd the order of their flCCtl
mulation, the oldest at the bottom, the youngest at the top. It 
also indicates intervals of' titHe that correspond to e~'('Hls of uphft 
and degradation and constitute interruptions of deposition. 

THB Tl1JXT Ol<~ 'l'HEJ EOI~l(J. 

The text of the folio Htates briefly the relation of the area 
mappf'd to the general regioll in which it ,is situated; points 
out the salient natural featul'es of' the geography of the area 
and indicates their significance and their hio;t,01'Y; considers 
the cities, towns, roads, raihoa(is, and other human features; 
desC'l'ihes the geology and the geologic history; and shows the 
character Hud the lo(·ation of the valllable mineral deposits. 

GJ<:owm Ons t)MITlJ, 

January, 1924. Director. 



DESCRIPTION OF THE SOMERSET A.ND WINDBER 
QUADRANGLES 

INTRODUCTION 

POSITION AND AREA 

The Somersrt find Wiullber quadrangles, in \vestern Penn
sylva.nia, are bounded by prmdlels 40° and 40~ ltV find 
meridians 'iSO 4;)' and 7tP 1 {)'. They include an area of about 
457 square miles, which is situated chiefly in SotnPl'set County 
hut. embraces also part.s of 'Yestmol'eland, Cambrin, and Bf'd
foni Counties. (See fig. 1.) The qlladl'angles lie between the 

I"W-URI.; l.-TlJuex map of western Pelln~ylya!lja and JlortioIl~ of adjacent. 
Stutes. 

main line of' the Pellnsy I vania Hnilroad on the north and that 
of the Baltimore &. Ohio Rfiilroad on the south and lire C1'088e(1 

by the Hockwood-Johnstowll branch of the Baltimore & Ohio. 
Fol'rtwl'ly the tOW1I8 of Somerset and Lif.,ronier were eonnected 
hy the Pittsburgh, 'Westmoreland & Somerset Railroad, hut 
tilUt road, although ShOWll on the map, has been abandoned. 
SOUlNset, "\Vindber, Ligollier, and Boswell are the chief town,.,. 
The area i~ situated in the bituminous coal tlelds, and its coal 
n~S(jUl'('es ure being adi vely developed. 

GENERAL GEOGRAPHIC AND GEOLOGIC RELATIONS 

/J)Jpalael"aa Highlands.-The area induded in these quad
forms part of the Appalachian HighlHllds, which 

extend from the COllstal Plaiu to the Interior Plains and frolll 
.Alabama to Cann.da. (See fig. 2.) In Pennsylvania the Appa-

Fw I Rl,' '1- Map 01' l.ll(· ('t'ntral plirt of tilt' Appallillhian II ighlalllb, showing
itH l'hy~j(lgr!\phi,\ di\'i,"ion~. 

Jaehian Hif!,"hllllHls are Jiyided into two almof:<t E'Cjual parts hy 
t.IJf~ C3Cal'plllE'llt known ns t.he Allegheny Front. East of this 
E's(":1rprnent lips a belt of northeastward-trending ridges find 
valleys-the ;\ppalachiall Valley and Hidge produce-which 
iR lllulel'lHill hy sharply folded early Paleozoic stmta. This 
province is boullded on thr- east hy th(' IUne Ridge provincE', 
east of whieh lies a disspl'ted uplund, the Piedmont province, 
which fOJ'l1ls the eHRternmost (liyision of the Appalaehiall Hi?:h-
1:1Ild~ alii I il'; \Jll(lerla.ill Iill',!!;ely l)y pr('-Calllbl'ian llH'.tamol'phoIM'll 

By H. B. Uil'1mrdsoll 

rocks. 'Vest of the AlleghellY Front ip, the Appflhwhian Pla
teflus province, a broad highland belt that i,-: undE'rlain by gently 
folded Carboniferous and older strata. The Somerset :lJld 

'Windber quadrangles nre situated mainly in this proyince, 
near its eastel'll horder, but a small part of the area is in the 
Appalachian Valley and Ridge province. 

FI(tU1!B: 3.~MaJl of the Pittsburgh-Huntington Hasin showiIIg' tIl<-' g(~ol(lgic stl'ucture by C(lntour~ drawn OlJ i.Ill' Pit.tHburgh COltl ill PPIHIKyl· 
yauin and 'Wt'st Virginia, on tL(, to}) of the Bc\t'(% ~and in ,~a~rprIl Ollio, IUIlI on the tOI' of the 'rrenton limestone In central Ohio, 

The ~,,'<tel'll ~.Ig'e nf t-lw .~pj)""]a.'l!i,,,, Plate" .. " "11<1 tiL< AII~gh~lly Fl ,m i. """,..1\ by h.achur~,llille. Contour int.prY,,1 r,OO fe~t; datum. 5l'," ],'wl 

PICnmlt 4.-Geologic sketch !)lUP of the nUl'thel'n part of tho AppallwhialJ 
Pla.teauH and adjrwent. rpg'ioll. 

1, Pm'mIII"; 2, T'~n"Hylvauiul!; R !O:lj"~If<><il'l'hlll; oj, I'p,ulliml: ri, SilllJ'IUH; Ii, Ul'C\""idulJ. 

Appalachiwt Plateau8.-The Appalachian Plateaus form it 

dissected upland that consists of rolling 1lills and valleys 
surmollnted in its eastern portion by several high ridges. 

The rocks that form the central part of the Appalachian 
Plateaus lie in a spoon-shaped structural trough-the Pitts
burgh-Huntington Basin. On the northwest the strata rise on 
the flanks of the Cincinnati anticline, and on the southeast they 
rise to the crest of the Alle).!;heny Front. TIllS synelinorillm is 
modified by subordinate folds. (8ee fig. 3.) 

The rocks that crop out. on the Appalarhifln Plateaus are 
chiefly of Carboniferous age. Devonian, Silurian, and older 
beds are exposed along the margins of the basin nl1(1 underlie it 
to a depth of mnny thousand feet. (See fig. 4.) 

TOPOGRAPHY 

RELIEF 

The Somerset and \Vindber quadrangles are trayersed by 
two of the most prominent highlan(l belts of the Appalachian 
Plateaus-the Allegheny Front, locally known as Allegheny 
Mountain, and Laurel I-lill. These belts consist of flattish
topped forested ridges which rise to altitudes between 2,700 
au(l 2,B50 feet above sea level and a.re the dominnnt topo
graphic features of the aren_ The rest of the region is an 
llndnlating- hilly cOllntry, whieh in plaees is deeply trenched 
hy :-;jJ'eams, The loweRt part of the arm, the valley of Loyal-



hanna Creek, in the northwest eorner of the Somerset quad
rangle, has an altitude slightly above 1,100 feet, so that the 
extreme range in altitude is about 1,800 feet. 

The Allegheny Front, where it crosses the southeast corner 
of the "\Yindber quadrangle, forms a double highland belt, 2 
miles in width, consisting of two parallel ridges separated by 
the steep, narro\v valley occupied by Breastwork Run. The 
mountain trends northeashvard and rises above the lowland at 
its eastern base in a steep escarpment. The base of this escarp
ment is formed by relatively soft strata, above which massive 
sandstones form a wall ,;00 feet or more in height. Between 
the foot and the creAt of the escarpment there is a difference in 
altitude of 1,000 feet "within a horizontal distance of 1 mile. 
The relatively flat zone 011 top of Allegheny Mountain is caused 
by the outcrop of soft shale. Where Breastwork Run has cut 
through these rocks into underlying hard sandstone it flows in 
a gorge. The western and higher ridge of Allegheny Moun
tain rises above the shale area and forms a second southeast
\vard-facing escurpm,ent composed of' massive sandstone. The 
western flank of the ridge is a slightly dissected dip slope. 
Except for the area of' shale on top of the ridge, on whirh n 
few farms are located, this part of Allegheny Mountain is a 
forested wilderness stre"wn with blocks of massi ve sandstone. 

Laurel Hill occupies a belt about 6 miles wide that extends 
in a northeo,8terl), direction across the Somerset quadrangle. 
The crest forms an even sky line, and as the ridge stands about 
1,000 feet above the adjacent lowland it is a prominent land
mark. In most places it is eovered by a good stand of' timber 
and nlso by a heavy growth of underbrush. A large part of 
the surface is strewn with blocks of massive sandstone, and 
except for a few cleared spots the ridge is an uninhabited wil
derness that contrasts strongly with the adjacent thickly settled 
area. The flanks of Laurel Hill are deeply trenched by streams 
that occupy steep-sided narrow valleys 'which are cut for the 
most part in sandstone that crops out in cliffs. The streams 
haye cut deeper on the ,;"est side of the ridge, where in placeE', 
liS in the upper valley of Furnace RUll, the gorge is 1,000 feet 
deep. The top of tile ridge is a broad, rather fiat area that rises 
to altitudes between 2,700 and 2,1)00 feet above sea level. 

The undulating hilly country that constitutes the remaining 
part of the area is underlain cbiefly by shale and thin-bedded 
sandstone, to the varying hardness of which the surface forms 
are adjusted. The hills Rre formed by the more resistant rocks, 
and the valleys are nnderlain by softer beds. Parts of the 
stream courses, as for instance considernble stretches along Stony 
Creek, in the ",Vindber quadrangle, lie in narrow, steep-walled 
valleys trenclled in cliff-making sandstone. Other parts of the 
valleys, underlain by less resistant rocks, form relatively broad 
lowlands. One of these lowland areas, part of the valley of 
Quemahoning Creek, in the 'Vindber quadrangle, haB been 
dammed at its lower end, above Hollsopple, in order to impound 
in Quemahoning Heservoir a large body of water which is used 
by manufacturing plants in Johnstown. In the area between 
the Allegheny Front and Laurel Hill a number of hilltops 
rise to nltitudes between 2,200 and 2,400 feet, and these hill
tops, when vie,ved from a distance, form an even sky line. 

The northwest corner of the Somerset quadrangle, west of 
Laurel Hill, forms part of Ligonier Valley, which is not a. 
Yalley in the sense of being occupied by a master longitudinal 
stream but in this area is crossed transyersely by Loyalhrmna 
Creek. It forms a distinct lowland belt in comparison with 
the bordering highland belts, Chestnut Ridge on the west and 
Laurel Hill on the east. Ligonier Valley is underlain chiefly 
by comparatively soft rocks. 

DRAINAGE 

The area considered in this folio lies almost entirely on the 
Appalachian Plateaus, but the Allegheny Front crosses the 
vVindber quadrangle, the southeast corner of which is included 
in the Appalachian Valley and Ridge province. The drainage 
therefore flows chiefly to t.he Gulf of Mexico, but a small part. 
is more directly tributary to the Atlantic. The Uulf drninage 
flows through upper tributaries of Allegheny and Monongahela 
Rivers, and the Atlantic drainage flows through headwaters of 
the Juniata. 

Most of t.he area drains into Allegheny River. The major 
stream is Stony Creek, which with its branches drains the 
larger part of the tract between Allegheny Mountain and 
Laurel Hill. Stony Creek rises near the town of Berlin, south 
of the Windber quadrangle, and flows northwa.rd to join Cone
maugh River, one of the principal tributaries of the Allegheny, 
at J"ohnstown. Paint and Shade Creeks, the nJain eastern 
branches of Stony Creek, drain the western flanks of Allc
gheny Monntain, and South Fork of I~ens Creek, Quemahon
ing Creek,13eaverdam Creek, and ",VeIls Creek are the main 
western branches. The area west of Laurel Hill is drained by 
Loyalhanna Creek, a tributary of' the Conemaugh. The t.rib
utaries of Monongahela niver, Laurel Hill Creek and Coxes 
Creek, flow in general southwestward to Castleman River and 
drain the southern part of the Somerset quadrangle. The 
small area southeast of Allegheny Mountain drains to the 
Raystown branch of .Juniata RiYer. 
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DESCRIPTIVE GEOLOGY 

s'rKATIGRAPHY 

AGE OF THE ROCKS 

The rocks which crop out in the Somerset anel Windber 
quadrangles belong t.o the Chemung and Catskill formations, 
of Devonian age, and the Pocono, Loyalhanna, Mauch Chunk, 
Pottsville, j\.llegheny, Conemaugh, Hnd :Monongahela forma
tions, of Carhoniferous age. (See columnar-section sheet.) 

The youngest formation, the Monongahela, occurs only in 
small remnants north of Roswell, in the Somerset quadrangle, 
which haye been left by erosIon in the center of the .Tohnstown 
syncline. The greater part of the surface of both quadrangles 
is formed by the Conemaugh and Allegheny formations, which 
,are best developed in the synclines and which bave been 
removed by erosion from the crests of the major anticlines. 
The Pottsville formation crops out on all the anticlinal folds 
and also in some of the deeper valleys, and the Maudl Chunk, 
Loyalhanna., and Pocono formations are exposed ehiefly on 
,Laurel Hill and Allegheny Mountain, The Cntskill and 
Chemung formations crop out only at tIle base of the Alle
gheny:Front. 

DEVONfAN fiY:-;TEJI:f 

The upper part of the Upper Devonian series is represented 
by yariable strata whieh are known as the Chemung and Cats
kill formations. The!'!e Hre the oldest rocks that emp out in 
the Somel'Bet and 'Yindber quadrangles, 

The Chemung formation, as developed in this region, 
includes fossiliferous greenish-gray shale and sandstone that lie 
between the Portage and Catskill formations. In Pennsy 1-
vania, just east of the Allegheny Front, the Chemung forma
tion is about 2,400 feet thick. 

DisfTibution and chaTacte1·.-This formation crops out in flH 

f1reH of less than 1 square mile in the extreme southeast corner 
of the Windber quadrangle and lies far beneath the surface in 
the remaining part of the quadrangle and t.hroughout the 
Somerset quadrangle. Only the upper 2,000 feet is exposed, 
and the rOl'ks, which dip 15°-25° NW., form the crest. and 
southeastern slopes of a low range of hills. The light-gray 
soil into which these rocks ,veather forms a striking contrast 
to the bright-red soils derived from the overlying Catskill 
formation. 

On the whole the Catskill and Chemung a.re readily dis
tinguished by their colors, yet the boundary between the 1\"\-'0 

formations in placcs is difficult to draw because of the presence 
of some reddish beds in the upper pflrt of the Chemung, In 
t.he Windber quadranglc the boundary shown on the map was 
drawn either at the top of the highest fossiliferous stratum or 
at the lowermost persistent bright-red stratum. . 

In this area the rocks of the Chemung formation consist of 
alternating beds of fine-grained greenish-gray arkosic sandRtone 
and sandy shale. The prevailing tone of the formation is gray
ish, but the general somber tone of the Chemung is varied in 
its extreme upper part by the presence of dnll reddish-brown 
or chocolate-colored beds. 

The Chemung, in contrast to the Catskill, contains many 
fossils, and the presence of a fossiliferous zone at or neal' the 
top of the formation serves for its delimitation. The follow
ing fossils, identified by Charles Butts, were colleeted fr01ll 
this zone at a place three-quarters of a mile north of the south
east corner of the Windber quadrangle. 

RpirHel'disjunct'll!!. I' Leptodeslllo. elongll.tUlU. 
Uamarotoechia n. sp. or large Gl'allimysia eliipt,il'a. 

variety of C. (Jontractu. Ptychopteria cf. 1'. lat:.!. 
Cumarotoechia of. C. cOlltractn. Fragments of small peJecypo(ls. 

val'. robusta, Butts. Ortho(:era~ sp. 

Dejin'it'ion and classification.-The mnne Catskill format.ion 
is given in this region to the bright-red sandstone and shale 
that lie above the Chemung formation. The Catskill is here 
classed as Devonian, follo'''ing long-established usage. How
ever, there are differences of opinion among geologists concern
ing the delimitation of the Devonian and Carboniferous systems 
in the Appalachian region, and the present classification is 
subject to revision. 

Disl1'ibution and character.-The Catskill formation crop~ 
out in the ",Yindber quadrangle in a zone slightly more than a 
mile wide at the base of Allegheny Mountain and lies far 
beneath the surface in the rest of the area here considered. As 
it is generally softer than the underlying Chemung and 
markedly softer than the oyer]ying Pocono the Catskill out
crop forms a rolling lowland area, which is characterized by 
briJIiant red soil that results from the disintegration of the 
rocks. 

In this area the Catskill formation is between 1,800 and. 
2,000 feet thick. It is composed of bright-red sandy shale and 
day shale, thin-bedded fine-grained red sandstone, and subor
dinate gray sandstone and shale. The sandstones are compose(l 

of l:;llhangular hits of quartz and interst.itia] clay. In the red 
varieties the pigment forms It film about. the quartz grains and 
also forms part of the interstitial material. Fossils have not. 
been found in the Catskill formation in this region. 

{;A.RBONJTEROUS SYST,EJ( 

The greater part of the exposed rocks of thc Sonwrset and 
'Vindber quadrangles are included in the Mississippian and 
Pennsylvanian series of the Carboniferous system. The Mis
isssippian rocks include the Pocono formation, I .. oyalhanna 
limestone, and Mauch Chunk shale, nnd the Pennsvlvanian 
rocks include the Pottsville, Allegheny, Conen1[tU~gh, and 
Monongahela formations. The Permian series is not repre
sented. 

Definition. ~ The Pocono formation consists of gray sand
stone and subordinate sandy shale. It has a thickness of 2,000 
feet on Susquehanna River and thins out to the north, sonth, 
and west. Along the Allegheny Front it is about ] ,000 feet 
thick. The Pocono formation seellls to lie conformahlv on the 
Catskill. -

D£stribut'ion.-The Pocono formation ('rops out in both the 
Windber and Somerset quadrangles. It is exposed in R belt. 
that ranges from a quarter of a mile to a mile in ,,,idth in the 
southeast corner of t.he ",Vindber quadrangle, where it forlllS 
the Allegheny escarpment. The hard sandstones in the upper 
part of the Pocono which form this escarpment also form 
the summit of the eastern ridge of Allegheny ~Iountaill 

and extend some distance down the western slope, where the 
ridges are deeply trenched by Breastwork RUll, which flows 
parallel to the strike of the rocks. The Pocono formation is 
conspicuously exposed along the Pittsburgh and Philadelphia 
road (the Lincoln Highway), where small sandstone quarries 
have been opened for road metal. Throughout the rest of tile 
"\Yindber quadrangle the Pocono formation is covered by 
younger rocks. , 

In the Somerset quadrangle, where the Lnurel Hill antieline 
brings the formation to the smface a.gain, the Pocono forms the 
crest and upper flanks of Laurel Hill for several miles north of 
the Pittsburgh and Philadelphia, road and crops out south 
of the road in several deep valleys. Over the greater part of 
Laurel Hill a thick growth of vegetation conceals the rocb, 
but here and there along tlle summit and in some of t.he valley 
walls sandstone is conspicuously exposed. 

Character and age.-In western Pennsylvania the upper part. 
of the Pocono formation is separated locnlly into t.wo lllembers, 
the Burgoon sandstone and the Patton shale, but t.he lower 
part, which is more shaly than the upper part, has been given 
no special designation. 

A thin hed of rE'd shale near the middle of the formatioll 
possibly marks the thinning out in this direction of t.he Patton 
shale member. This bed crops out 1l10ng the Pittsburgh and 
Philadelphia pike, where about 5 feet of brownish-red sandy 
shale is exposed. In the western part of the State the red 
Patton shale locally serves as H stratigraphic guide in the 
h1terpretation of well records. 

Both above and below this red shale the Pocono formation 
consists of alternating beds of gray sandstone !md sandy shale, 
Although the lower part of the formation contains rehtively 
more sandy shale and the upper part more massivc sandstone 
yet massive beds of sa.ndstone occur in the lower part and con
siderable thin-bedded sandstone and shale in the upper part. 
The sandstone, which is fine to medium grained and in place!:! is 
cross-bedded, is composed of rounded to subangula.r grains of 
quartz and subordinate kaolin and sericite; flakes of muscovi1e 
also occur and in places are conspicuously developed. On the 
summit of Laurel Hill"small rounded pebbles of quart.z mark 
a conglomeratic phase of the Pocono. 

Fossils were not found in the Pocono formation in theBe 
quadrangles. In the Hollidaysburg-Huntingdon folio, now in 
press, Butts states that. the lower part of the Pocono is somewhnt 
fossiliferous, yielding both invertebrate and plant fossils, includ
ing undescribed calcareous a.lgae. The Pocono formation is 
believed to be in part equivalent to the Cuyahoga forml-ltion of 
Ohio. 

J,OYALHANNA LIMBSTONR 

Definition, age, and c01'relation.-The LOjTn.lhanna limestone, 
named from the conspicuous outcrops along Loyalhanna Creek, 
where it cuts through Chestnut Ridge a few miles northwest of 
the Somerset quadrangle, lies between the Pocono formation 
and the Mauch Chunk shale. "\Vhen first described this lime
stone was included with the Mauch Chunk, and later it was 
included in the Pocono, Although fossils have not been foun(l 
in the Loyalhanna limestone, Buttsl correlates it with the Ste. 
Genevieve limestone of the Mississippi Valley, which is referred 
to the Ohester group. 

Character and d'istribution.-The Loyalhanna limestone, 
which averages about 40 feet jn thickness, is a massive fine-

1 Butts, Charles, 'flte Loyalhauna limestone: Am. Jour. tieL, 5th sel'., vol. 
8, pp. 249-257, 1924,. 



grained bILle-gray siliceous limestone that might with equal 
propriety be called a calcareous sandstone. It is composed of 
irregular-sized rounded grains of quartz with subordinate 
mica and decomposed feldspars embedded in a calcareous 
matrix. Some specimens show small segregations of pyrite. 
The following partial analysis by W. C. Wheeler shows the 
composition of a sample collected near the west end of the 
Laurel Hill tunnel of the projected but abandoned South 
Pennsylvania Railroad: 

Partial anal]ISis of Loyalha1lna limestone 

Insolullle _____ _ 

Fe.O.+AIs08 ---:MgO ___________ _ 
()nO ________ _ 

llO!!sOIl ig'llitioll 

47.00 
2." 
.42 

27.08 
22.41 

100.09 

The siliceous character of the rock is well exhibited by 
w£'.athered surfaces. The lime has been superficially removed 
by solution, and the bedding planes, which are not apparent 
on fresh surfaces, are plainly marked by grains of quartz. 
Cross-bedding, characteristic of the limestone, is thus made 
very evident. 

The Loyalhanna limestone was not separately mapped in 
the field, but its approximate position between tIle Pocono for
mation and the Mauch Chunk shale on Allegheny Mountain 
and Laurel Hill is shown on the geologic maps. 'rhis lime
stone has been used for paving blocks and for road metal, and 
Reveral quarries ha've been opened in it, as shown on the 
economic-geology maps. 

MAUCH CHUNK SHA.LE 

Dejin'it'i'()l1.-The Mauch Chunk shale consists chiefly of red 
Randy shale find clay shale and subordinately of sandstone and 
limestone. It has a maximum thickness of 3,000 feet in the 
sontllern anthracite field of Pennsylvania and becomes thinner 
toward the north, west, and south. In western Pennsylvania 
the Mauch Chunk ranges from a feather edge to about 250 feet 
in thickness. Where the formation is absent the Pottsville 
rests directly on the Pocono formation. Along the Allegheny 
}"'ront in the Windber quadrangle the Mauch Chunk is about 
200 feet thick, and in places on Laurel Hill in the Somerset 
quadrl.\ngle it is only 100 feet thick. The Mauch Chunk 
lies structurally conformably on the Loyalhanna limestone. 

Dist'J"iiJution and cltaracuT.-This formation crops out in 
both quadrangles. It is exposed in the valley of Stony Creek 
in the vicinity of Border, a station on the Baltimore & Ohio 
Railroad, at the north end of the Windber quadrangle. A 
more extensive area is occupied by the Mauch Chunk in the 
southeastern part of the quadrangle, where these soft rocks 
Ioeally form It belt of relatively low land on Allegheny 
Mountain between its double crests, the eastern one of 
which is formed by the Pocono and the western by the Potts
ville. Some farming is done on this belt of soft rocks on top 
of the mountains, and the cleared area that exposes the Mauch 
Chunk red beds forms a striking contrast to the wilderness 
occupied by sandstone on both sides. In the Somerset quad
rangle the Mauch (,1tunk formation crops out only on Laurel 
Hill, where it is exposed locally on the summit but more com
monly in an irregular zone on both flanks. 

Exposures of the Mauch Chunk in this region are poor. 
The formation is composed of prevailing brownish-red, locally 
green and drab sandy shale and clay shale accompanied by 
subordinate thin cross-bedded fine-grained grayish-green and 
buff micaceous sandstone and thin lenses of gray and reddish 
limestone. The prevailing red color of the formation is charac
teristic, and because it forms the only zone of red rocks, with 
the exception of' the thin bed of red shale in the Pocono, 
between the Catskill formation and the red beds of the Cone
maugh, the Mauch Chunk is a valuable key formation in the 
study of well records. 

Fossils.-The fossils named below, determined by G. H. 
Girty, were obtained from limestone in the Mauch Chunk on 
the north branch of Middle Fork of Mill Creek, in the Somerset 
quadrangle. Girty states that thIS is a Chester fauna relate~ to 
that of the Maxville limestone of Ohio. 

Fenostellalsp. 
Productus ovatus_ 
Diaphragmu$ olegaus. 
Girtyellu indiunensis. 
Spirifor keokuk var. 

I 
Composita trinu('iea? 
A vicnUpecten sp. 
Ledasp. 
Leptodesmat sp. 
Buomphalus aft. E. simllis. 

l'ENNIolYLVANIAN SERIES 

Dejinit,h,m.-The Pottsville formation is typically developed 
at Pottsville, in eastern Pennsylvania. In the western part of 
the State only the npper part of' the formation is present, and 
this part, which is rarely more than 250 feet thick, has been 
separated into the Homewood sandstone at the top. an inter
mediate member-the Mercer shale-and the Connoquenessing 
sandFitone, which in many places in western Pennsylvania 
forlll:j the base of the upper Pottsville, although in other places 
lower members-the Sharon shale, the Sharon coal, and the 
Sharon conglomerate-are present. The stratigraphy is vari. 
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able, amI these subdivisions are not everywhere recognizable. 
The Pottsville lies unconformably on strata of the underlying 
Mississippian series, the unconformity being marked by thin
ning and local disappearance of the underlying Mauch Chunk 
shale and by the varying thickness of the Pottsville. 

Western l"lennsylvania and the fldjacent areas apparently 
were above sea level and received no sediments during early 
Pottsville time, when a great thickness of rocks which consti
tates the lower part of the formation was laid down in the 
eastern part of the Appalachian trough. The Pottsville at the 
type section is 1,200 feet 01' more thick and in the southern 
Appalachians more than 7,500 feet thick. 

Distribution.-The Pottsville formation underlies the greater 
part of the Somerset and Windber quadrangles and crops out 
in a number of separate areas that are characterized by the 
presence of ledges or blocks of massive sandstone and that 
usually form a forested wilderness. 

In the Windber quadrangle the most extensive outcrop is 
on the summit and western slope of Allegheny Mountain, 
where it occupies a belt between a quarter of a mile and 2 
miles in width. The formation is also exposed in the valley 
of Stony Creek between Shanksville and Mostoller and between 
Foust well and the northern border of the quadrangle, in the 
valley of Paint Creek below Scalp Level, nlong Quemahoning 
Creek near the west border of the quadrangle, and in the 
valley of' Shade Creek, in the upper parts of both branches of 
which the outcrop of the Pottsville is continuous with another 
outcrop of the formation along the western slope of Allegheny 
Mountain. In the Somerset quadrangle the Pottsville for
mation crops out in an irregular zone on both flanks of 
Laurel Hill, and in places south of the Pittsburgh and Phila
delphia road it caps the summit. The formation is also 
exposed in the valley of Quemahoning Creek below Boswell. 

Uompo8ition.-The Pottsville, although it occupies a con
siderable area, as a whole is poorly exposed in the Somerset 
nnd Windber qundrangles because the outcrop is nsnally 
littered with debris. In places, however, as along Stony Creek 
between Foustwell and Paint Creek, exposures are fair, and a 
few diamond-drill holes have penetrated the formation, some 
pasl!ling entirely through it, so that its local thickness and 
genernl composition are known. A measurement of the for
mation in the cliffs on the west side of Stony Creek at the 
north end of the Windber quadrangle shows a thickness· of 
nbout 200 feet, and a combination of the records oftwo diamond
drill holes southwest of Windber shows a thickness of 207 
feet. The threefold division of the Pottsville into the Home
wood sandstone, Mercer shale, and Connoquenessing sandstone 
members is recognizable in this area, but the Mercer memb('r 
is thin and poorly exposed, and the sandstone membel's are 
more 01' less shaly. 'fhe following record of a diamond-drill 
hole shows the details of composition of the formation in the 
vicinity of Foustwell. Other sections of the Pottsville in the-e 
quadrangles are shown in the plotted rer-ords of diamond-drill 
holes on the back of the columnar-section sheet. 

Seut/o/l. of Pott.Yf)iUe jOI'mutir/1! 1UU1' Fou~tweU 

[OiILmond_drlllreoord] 

Homewood sandstone member: Sandstone, gray __ _ 
Mercerllhalemember: 

Sha.le, dark .. ___________________________________ __ 
Coal and shale ________________ _ 
COI1.1 _________ _ 

Shale, black_ . ___ _ 
Clay ____ _ 
Shnle, dark ______ • _____________________________ __ 

CoaL: _____________________ . _________________ _ 
Shale, dark ______ . ________ _ 
8bale _______ . 

Connoquene",,,,ing "'lUld",ton6 member: 
Sandstone, gray ___ • ___ _ 
Shale, dark __ 
Sandstone, gray_. ______ . _. _____________________ _ 
Shale and sandstone _______ " ________________ . ____ _ 
Sandstone, gray _________ . ______ ._ 
Shale aud sandstone ___________ •• _______ _ 
Sandstone, gray ______________ . _______ . __________ ._ 

Mauch Chunk shale: Mhaie, gl-een lJ,ud reu. 

Ft. 10. .. . 
2 • 
1 
1 

7 7 • 1, 
lSi 

1 fit 
10 

89 1 
11 
10 
11 

" 9 3 2 
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Beds of shale in the Mercer member crop out in the bluff 
immediately above the road at the bend about midway between 
FOllstwell and Seanor, where the following section of a part of 
the formation is exposed: 

Section of part of Pottsville fM'maUon 1ua1' Sea1l.o1· 

Fest 
Homewood sandstone member: i3andstOJIO, indurated, fhle 

grained, whIte, quartzose _ _ _______________ 21i 
Mercer shale member: 

Shale, carbonaceous, and impllre coaL_ 
Shale, drab, ~alldy and clayey, and thin-beddeu till!:!-

grained micaceous sandstone, fossiliferous ____________ tl 
Concealed ______________________________ Hi 

Connoquenessing ~ll.llust()ne mtlluber: SttIld:;wutl, lUlIoI!~ive. 

in bed of Shade Creek. 

The following fossils, obtained from the bed indicated in the 
section, were identified by David \Vhite: 

Spbenopterb cf. S. mb:bt. 
Ollgocarpia. n. !:Ip. 
Neuropteris cf. N. rarinervis. 
Nl'l1ropteris tenuifolla. 

I 

Neuropteri~ sp. 
Allterophyllites fasciculatus. 
Calamites snckowii. 
Sphenopbyl1um cunelfollum. 

White reports that this collection is distinctly upper Potts
ville in age, several of the forms being representative of species 
from the Mercer member of Pennsylvania or the Kanawha 
formation of West Virginia. The fossil fern Nmwopteru 
lenuifolia was also found in a bed of shale that crops out by 
the Baltimore & Ohio Railroad track 200 feet southwest of the 
water tank about midway between Foustwell and Border 
stations. 

Records of diamond-drill holes in the Windber quadrangle 
indicate that the Mercer member averages about 25 feet in thick
ness and consists of shale, thin beds of coal, and clay, the clay 
from 2 feet to 8 feet 6 inches in thickness. 

The Homewood and Connoquenessing sandstones are litho
logically mucll alike and can be ditYerentiated only by means 
of the intervening shale member. Drill records indicate that 
the Homewood sandstone member averages about 50 feet in 
thickness, and the Connoquenessing in the one drill record in 
which it is completely shown is 124 feet thick. The sandstones 
are commonly massive, but in places the massive layers are inter· 
calated with thin to medium bedded layers. They are com
posed of characteristically fine-grained hard white to gray 
quartzose material. Only locally is the prevailing fine grain 
varied by coarse lenses composed of well-rounded pebbles of 
white quartz that range from a small fraction of an inch to 
half an inch in diameter. In places there are flakes of mus
covite and a small amount of interstitial material, composed of 
kaolin, sericite, and calcite, decomposition products of dissem
inated feldspars. Records of diamond-drill holes show that 
both the Homewood and Connoquenessing sandstones are inter
bedded with layers of ,hale. 

Delimitation.-The lower limit of the Pottsville in these 
quadrangles is marked by the change from white sandstone at 
its base to the red shale of the underlying Mauch Chunk. In 
places, however, there may be uncertainty regarding the bound
ary because of the presence of red beds in the Pottsville that 
contain reworked material derived from the erosion of the Mauch 
Chunk. The upper limit of the Pottsville is not so distinct 
except where it is marked by an abrupt change from the 
Homewood sandstone to the overlying Brookville coal at the 
base of the Allegheny. In many places, however, the stratig
raphy is varied, and the upper boundary of the formation is 
difficult to determine. 

Dejinition.-The Allegheny formation includes the beds that 
lie between the base of the Brookville coal or of its under cmy 
and tIle top of the Upper Freeport coal. These limits of the 
formation are arbitrary, and in places where the limiting mem
bers are absent or poorly defined precise delimitations of the 
formation, in the absence of paleobotanic evidence, are im~ 

possible. 'rhe Allegheny lies conformably on the Pottsvillf'. 
In western Pennsylvania the Allegheny formation averages 

about 300 feet in thickness. In the Somerset and Windber 
quadrangles diamond-drill records supplemented by surface ex
posures indicate a thickness of the Allegheny between 280 and 
aDO feet. 

Distribution. - The Allegheny formation underlies the 
greater part of both quadrangles but is a.bsent from the crests 
of' Laurel Hill and Allegheny Mountain and a few other 
areas, from which it has been removed by erosion. It under
lies the Berlin, Wilmore, Somerset, Johnstown, and Ligonier 
Basins and crops out in extensive areas along their flanks. 
The position of the outcrop of the Allegheny and of its most 
valuable coal beds is shown on the geologic maps of the Somer
set and Windber quadrangles. It should be understood, how
ever, that because of the variability and noncontinuity of 
the coal beds (see drill records on back of columnar-section 
sheet) and because of the general obscurity of the outcrops of 
the beds where they are not exposed by prospecting, the lines 
on the map that show the outcrop of the coal beds, aside from 
those based on actual exposures, represent only approximations. 

Oharacter.-The Allegheny formation consists of a variable 
sequence of beds of sandstone, shale, limestone, clay, and coal, 
and the great value of the coal gives the region Its chief source 
of mineral wealth. The general composition of the formation 
and the variability of the beds are shown by the following 
section and by the diamond·drill records given on the back of 
the columnar-section sheet. These records in general were 
supervised by engineers of the coal cQmpanies, and although 
they can not be relied on as accurate characterizations of all 
stratigraphic details, they show the general composition and 
sequence of the strata, especially the intervals between the 
more prominent members and the thickness and position of the 
coal beds. 

Ser!t1.on of part of AUegheny formation in JOh118toWU Basin, 
Some1'set quadrangle 

[Diamolld-drlllrecordj 

Ft. in. 
Coal and lIhale (Upper Freeport (E) bed)__________ 6 

Clay (Upper Freeport) and shale _____ . ______ _ 
Limestone (Upper "Freeport) and shale __ _ 
Clay (Bolivar)_ 
Shale _______ ._____ 19 



(~o1,,1 :1,11(1 ~11Hlf\ (LOWBt Frpeport, (I)) hp,l) 2 1t 
Clay (Low!.'r Freeport) __ _ 
Limestone (Lower }.'reep0l't) __ 
Shale .________________ 24 II 

Sandstone (FI'(\f'port) B 10 
Simle.,___ 11 H 

Coal (Upper Kittalllling (U) bod) _ :1 fl 
Clay (Upper Kittanning)_ 
Lillu;8tone (,JOhllRtownL_ G 7 
Shale lIud tbin-hedded ~llnd8r.{lIle__ H fI 

CO:11 (Middle l(ittannillg (U) bed) _ 
Clay (Middle Kittannhlg) _ . 
Shale and t,hin-bodd(!d Sfl,nd8tone __ 1 j :; 

Salld8tone___ ________ 13 'j 

Shale and thin-bedded sandstone ____ til 'j 

Coal (Lower Kit,t-anning (B) bed) 
ClI1Y (I.oweI' Kittanning) ______ _ 
Shale and thin·bt'dded sfl,ndst()IH~ 12 
Slilld~tone (Kittanning) __ GO (l 

Shale and thin sand stOlle _ 11 4 
Clay __________________ _ 
Shale and sandstone. _________ _ 
Hase of AllegherlY not determined. 
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Sections showing the lower part of the Allegheny formation 
and the upper part of the Pottsville formation are given below. 

The Allegheny formation has been subdi\'ided into a num
ber of members, and the same names have long been used in 
far separated areas_ Detailed work, ho\vevel', has shown that 
in many instances members to which the same names have heen 
applied are not identical beds. Nevertheless, in spite of 
marked lenticulal'ity of the beds, there is a pronounced uni
formity in sequence, and some of the beds are kno\vn t.o he 
persistent throughout large areas, so that if the employment. 
of these names is duly qualified they serve a useful purpose. 
In t.his folio the use of the well-known names for subdivisions 
of the Allegheny formation does not imply continuity with 
beds nt the type localities from which the names were derived 
but rather only the approximate stratigraphic position of tho 
member in the formation. The following are the principal 
members and other divisions of the Allegheny formation in the 
Somerset and 'Vindber guadranglt's, heginning at t.he top: 

rpper Fronport (E) coal. 
lJppel' Fn·tlport limestone IT)(!Il1hel" 

BoliYar clay. 
Lower FI'eepOl·t (D) coal. 
Lower Freeport liUle~tone mClllhel'. 
Frepilort sundstone member, 
Upper Kittitilning (C') coai. 
Juhn~town lillle~tone memuOl". 
}liddIe Kittanning (C) eoa!. 
Lower KittullDilig (B) con1. 
Lower Kittdlliling du.y. 
J(ittallnillg sandstone memboI'. 
CI1LI"ion (A')-Hl'ookYilIo (A) (·ot>l zone. 

Broolcville (A) and Ulr11"ion (A') coals (wd aiiiWC'iatf'd lwb.
Approximately the lower 20 to {)O feet of the Alle,!!heny 
formation consists of' a zone of shale, sandstone, clay, and two 
or more beds of coal. The lowest conI is the Brookville or A 
bed, and the highest in this zone is the Clarion 0]' A' bed. III 
general, neither of these coals in the HC'll ('ollsidered ill t.his 
folio is of mueh economic vuluC', and they are ehfll'tletel'istically 
streakeu with a number of shale partings_ 

Coal prospects on beds in this zone have been opene(l at a 
few places in t.he Somerset and 'Yindber quadranf!;les. At the 
Hitechew country hank, :2} miles southeast of Cairnbrook,1l 
hed that is thought to be the Brookville has been mined for 
a number of years. Coal at approximately t.his horizon has 
been prospected and locally mined at a number of localities, as 
ill the valley of Paint Creek below Scalp Level, in the vnlley 
of Shade Creek east of Hillsboro, in the valley of Stony Creek 
helmv Sha.nksville, in the valley of Quemahoning Creek helow 
Boswell, and on Laurel HilL The Clarion coal is not so per
sistent nor so well developed in this region us the Brookville. 
A thin coal bed, however, at approximately the horizon of t.he 
Clarion coal is present. in it number of phlCes and it almost 
immediately overlies a thiek bed of clay. 

Clay at this horizon is reported in the records of most of'the 
drill holes in the ·Windber and Somerset quadrangleil that have 
gone t.hrough the .Allegheny formation; the records show the 
bed to be between 40 a.nd (-);') feet below the Low('r Kittauning 
coaL ¥lhen the area was sUr\'eyed this bed of' clay was quar
ried at only one locality-in the southeastern part of the 
borough of '\Vindber. At this quarry the following section is 
exposed: 

Section of part of Allegheny fOTHHlUon at 11'indb~r 

rt 111 

Intervn.llJolow J,oweI' Kit.t.amlinj! eoal (~st,imat,ed)__ _ 50 
Shale, gray __ .,_ 10 

Coal (ClnJ'ion (A') be(l)__ _ 1 10 
(;lay, hu,r(l, grlLy; uase Tl()t well expo~eu__ 9 

A fine specimen of a fossil fern, which was identified by 
David 'Vhite as Alethopter'is seTHi, was found emhedded in 
the clay at the hase of this section. 

The stratigraphic position of this bed of clay and its relat.ion 
to the bed of clay in the Mercer member of the Pottsville for
mation is shown by the following partial record of It diamond
drill hole southwest of 'Yindber. (8ee also records on back of 
eolumnar-sect.ion sheet..) Results of tests of this clay are givell 
011 page l:t 
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Allegheny formation: 
Coal (Lower Kittanning (B) hed). 

Shale and clay._ 

Clay __________________________ _ 
Rhale, sandy ___ ~. _________________________ . __ 
Sandstone (Kittanning) . __________________ ~_ 
Shale ___ _ 

Coul and shale (CIal'ion (A) bed)_ 

CuaL ___ _ 
Shale __ 

Coal and shale (Brookville (A) bf~d) 
Pottsville formation: 

Sandstone (Homewood) _ 
Coal (Mercer) _ 

Sandstone {Connoquene~sing) ___ _ 

G G 
10 G 
111 

G 1 

14 a 
Z 6 

4 11 
9 
1 1 

12 2 

30 
1 2 
B 11 
4 9 

24+ 

A bed of sandstone corresponding in position to t.he Cla.rion 
sandstone member, between t.he Clarion and Brookville con.1s, 
locally is well developed. In places, in the eastern part of the 
\Vindber quadranp;le for instance, the Clarion coal is absent 
and the Clarion sandstone merges with the overlying Kittan
ning sandstone. 

Kitfann-ing sandstone member_-The Kittanning snndstoIlt\ 
wl.lich lies between the Lower Kittanning coal and the Clarion
Brookville coal zone, is uncommonly well developed in thiR 
region_ It crops out conspicuously in Stony Creek and in a 
number of its branches, along t.he Imver flanks of Allegheny 
Mountain and on Laurel Hill, and it. is quarried at Boswell 
and Rowena. Diamond-drill records (sec back of columnar
;;;ection sheet) show that the Kittanning sandstone rlluges in 
thicktwss from 10 to 80 feet. In sections where it mel'~eR 

with the Clarion sandstone tlle greater part of the .-\llegheny 
forlllation below the Lower Kittanning 1'011.1 is sandy, 

The Kittannin~ sandstone, as here developed, is a lllHssi ve 
whitish to gray, commonly medium to fine grained, prevail
ingly quartzose sandstone. In places, however, it if:"!. conglom
eratic and bears rounded pebbles of' white quartz that range 
from one-eighth to one-fourth of an ineh in diameter. 
Although the sandstone is prevailingly quart.zose it contains 
appreciable amounts of decomposed feldspar, whieh at tile 
Rowena quarry is removed from the crushed rock by washing, 

Lower Kittanning clay.-Thc Lower Kittannillf!: coal is 
('olllmonly underlain by a valuable bed of soft. clay, which, al
though it is mined in a number of places elsewhere, had not 
been mined in these quadrangles -when they were surveyed. 
This clay is reported in most of the drill holes and ranges in 
thickness from 2 to 5 feet. 

LOWe?' Kittanning (B) coal.-The Lower Kittanning ('oal, 
also knmvn in this region as the :Miller or II bed, is one of t.he 
most persistent and valuable coal beds in this region. It is 
extensively mined in the \Yindber quudranp;le, where it is 
unusually well developed, but in the Somerset. quadrangle it 
i~ mined at only a few places and is not so valuable as some of 
the higher Allegheny coals. The Lower Kittanning coal lies 
75 to 11.5 feet below t.he .Johnstown limestone. It can be 
identified by it.s strat.igraphic position and its nnderlying soft 
day, and it also has characteristic physical properties. It has 
Il brilliant luster, i,<.< one of the softest coals of the area, and 
readily breaks down int.o small prismatic fragments. Details 
of this coal bed are given in figure H, and analyses of the coal 
on page 14; its outcrop is shown on the economic-geology 
maps. 

Afiddle Kittanning (C) coal.-A coal bed of little value, the 
Middle Kittanning, rarely more than a foot in thickness and 
g(~nerally only a 'few inches, is present in most places about. 
midway bet.ween the Upper and Lower Kittnnning coals. 
This bed is locally known as the "Dirty C." In places two 
thin beds of coal are present in t.he Middle Kittanning zone. 

.r(jlrn.~t(jwn limestone mernber,-One of t.he most useful key 
beds, in determining structure in the Somerset and 'Vindber 
quadrangles, is the Johnstown limestone. This bed is persist
ent over wide areas in both quadrangles. 

The Johnstown limest.one member OCC\ll"S about one-third 
down from the top of the Allegheny formation. Drill records 
show that it ranges from \)0 to 120 feet below the Upper Free
port coal j a common distance is about 100 feet. The J ohns
town limestone ranges in thickness from 5 to 10 feet, nnd 
thronghout considerable areas it is 8 to 9 feet thick. It is a 
fine-grained blue-gray magnesian limestone. An analysis of a 
sample from the Adams coal mine, near 'VeIls Creek, is given 
on page 13. This limestone is burned for lime at a nUlllber of 
localities. Its outerop is pmctically coincident with that of the 
Upper Kittanning coal, whieh is shown on the economic
geology maps. 

Upper KiUannh~g (C') coal,-'l'he .Johnstown limestone is 
almost immediately overlain by a bed of coal known as the 
Upper Kittanning, from which it is usually separat.ed by only 
a few inches of shale. Clay is not characteristically present 
below this coul bed, The Upper Kittanning is one of the 

most vaIn able coal beds ill t.his rep;ion and is exteuRively mined, 
partieularly in the ,JOhllSt.O\'I'·u and SOlller~et Basins. In eon
trust with the Lo\'\'er Kittanning and Lower }'reeport. eoals the 
Upper Kittanning is a relatively hard coal, 'whi('h can be 
mined and shipped in blocks. Details of this coal bed arc 
giyen in figure 9, and its outcrop is shown 011 the eeonomie
geology maps_ 

The bed of coal t.hat almost immediately oyeriies the Johns
town limestone and occurs approximately one-third down from 
the top of the Allegheny formation, following local usage, is in 
this folio tentatively referred to the Upper Kittanning. 
Between it and the Upper Freeport coal two beds of limestone 
are locally present, which presumably eorrespond, l'espectiYely, 
to the Lower nnd Upper Freeport limestones. The .Tohnstown 
limestone seems to he a lens that doe8 not ext.end as htr west as 
the Allegheny Valley, hut it remains to be determined wht'ther 
or not the coal bed here referred to the Upper Kittanning is 
equivalent to the Upper Kittanning coal ill the type section. 

Freeport sandstone mernbel'.-A variable bed of' sandstone 
occurs above the Upper Kittanning coal. In places, particu
larly in t.he Somerset Basin, thiR 9ft.lldstone immediate\v over
lies the eoal and on aeeount of its hardness locall v v causes 
trouble where it has to be cut through in mini~g. As 
recorded in drill holes this sandstone ranges from a feather 
edge to 35 feet in t.hickness. It is poorly developed in the 
southern part of the .r ohnstown Basin and in the Berlin 
Basin. 

Lowe1' Freq)(wt limestone member.-The Lower Freeport 
limestone occurs about midway between the .Tohnstown lime
stone and the Upper Freeport. coal. It is of vflriable occur
rence and in these quadrangleR flS a rule is poody develope(l. 
In many places it is absent, and where present it is .generull,Y 
only fI, few inehes thick. 

Low;}' (D) eoal.-Like t.he Lower _Freeport lime-
stone, which immediately overlies, t.he Lower Freeport 
coal is of variable thieknt'ss in this region. Tn the [-l.omerset 
quadrangle it seems to be of little worth, hut it iuC'reaRes in 
thickness in the 'Vindber gmulrangle, where it is locally 
mined_ It occurs from S5 to CiO feet nboye the Johnstow~l 
limestone. In C'ontmst with the overlying Upper Freeport 
eoal and the underlying Oppel' Kittanning coal t.he Lower 
Freeport is softer and in physical properties somewhat. reRembles 
the Lower Kittannillg bed. )Teasurements of thiR coal nre 
given in figure lO. 

Boli'val' clay.-A valuable bed of hard clay that has long 
been mined at Bolivar, 'Yestmoreiand County, Pa., is of loea.l 
o('currence between the 1) pper and Lower Freeport. eoahl. 
This bed has been found at severnl 10C'ulities in t.he Somerset 
quadrangle, although it has not yet been worked there, hut 
apparently it is poorly developerl ill the 'Yindber quadrangle. 
])rill holes in t.he northern part of the Johnstown Basin show 
4 or 5 feet of' clay at. the Boliyar horizon, from 10 to]{) feet 
beneath the U ppel' Freeport coaL 

Uppel' Pl'ceport limestone membe1'.-The "Lpper Freeport 
limestone, ,yhich lies between t.he Bolivar clay and the Upper 
Freeport coal, in general is poorly represented in this region. 
At several localities on the divide bet\veen Stony and Shade 
Creeks, in the vicinity of Forward, openings have been mflde 
on a bed of' limestone belo\\' a bed of coal that is probably the 
tipper Freeport. 

Upper i?reeport coal.-The Upper Freeport coal is one of 
the most persistent and valuable coal beds in westel'll Pennsyl
vania. In these quadrangles coal at the Upper Freeport hori
zon is nsually present but its t.hickness is variable, and in places 
the bed is of lit.tle value, Itil best. de\~elopment. is in the 
Ligonier, Johnstown, and Somerset Basins, where it is mined, 
hut it is comparatively thin or in places absent in the Wilmore 
and Berlin Basins, 

Poss1l plant.s.-The following fossil plants from the Alle
gheny formation were identified by David 'Yhite: 

:FrolU hilbide 1 mile northel1,st of Luughlintown, about GO feet bf'low 
Upper Freepurt coal: 

Peoopteris, probably P. pemJaefoI'mis and P. oreoptNidia, 
CalaulIlrian stem, pI'ubilbly CalamItes rallJOSu~. 
NeuI'opteris ovat,a. 
AnnulaI'ia stellat.a 
Annulariu. sphenophylloide~. 

From roof of UppeI' Kittanning (0') coal, Reading luine No. 3, ::<toy~. 
town: 

Pecopteris Hliltoni. 
Neuropteris oYltta. 
Neuropte-rls scheuch:r.el'L 
;.reuropt.eris capitata. 
Callipt-eridinm manslleldi. 
Lepidodendron diobotomuJlJ~ 
Stiglllari~~ YerI'ucosll,. 

From Clarion clay 60 feet below Lower Kittanning coal. 1 mil(' 80ulheast 
of Windber: 

Alethoptel"i8 sCl'Iii. 

Df'jinition.-The Conemaugh formation includes the beds 
that lie between the Upper Freeport coal, at the top of the 
underlying Allegheny formation, and the Pittshlll'gh coal, at. 
the base of the overlying Monongahela formation, It lies con
formably on the Allegheny. 
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Di"b'l:bufion and Ih£dc1UW.<"" -The Coneumugh formation 
occupies cOllsiderabl~ portions of the Somerset and 'Vindber 
quadrangles and forms the surface of' the central parts of the 
Berlill, Vfilmore, Somerset., Johnstown, and Ligonier Basins. 
Almost everywhere in these basins erosion has removed the 
upper members of the formation, and its entire t.hickness is 
present only in a small area in the Johnstown Basin northwest 
of Boswell. Records of diamond-drill holes show that thiR out
lying remnant of' the Conemaugh formation has a thie1mess of' 
RtiO to 870 feet. The f'ormation thins to the west and near the 
PennsylYania-Ohio Htate line is approximately noo feet thiclL 
In Uhio it decreases to about :350 feet. 

Charactel'.-The Conemaugh formation consists of a variable 
sequence of sandstone, shale, clay, and thin beds of limestone 
nnd coal. It is charactcrized by the OCCUlTence of red heds, 
the first above the l\lauch Chunk shale, and by the presence in 
itt! lower half' of seyeral calcareous beds that contain marine 
fosf-lils. The general composit.ion of the formation is indicated 
bv the following section of rocks measured in two diamolld
d~ill holes in the ,Johnstown Basin in the Somerset quadrangle. 

Section uf 

Pittsburgh cou.l (buse uf Monongahela formation). 
Interval__________ 21 
Shale. light,__ HI 
Nhule, dark_____ 4 

Coal (UPP(lr Littl(·!'jttsullrgh)_ ,_ 1 6 
Shale, dark___ 1 6 
Coal. hony __ ]0 

LhlleBtone (IJpper Pitt8burgh) __ li 2 
I.imesh!l.le__ 20 

Clay 
Shalc, sa.lllly __ 
l:!hnlc.1i!;ht 
t:lamistune. _ 
Nhll1p, dark. ~:~ndy 

19 
10 2 

1.) 
1 
210 

12 
23 
11 
1 ~l 

6 
1', 

1 
1 G 
;, 6 

Hhltlel1ndJilllc _ 13 
Nlmle. gray _ 10 
"Limestone" 
Cluy and shale __ . 
Shltlo, re(\ variegatl·(1 
Hlmle, ~l1ndy (h()ri~OIl of lUorgulltowli sandstone) _ :W 

4 

" 
11 

14 

21; 

Cual (BartOli Y) __ 
9 

salldy__ 24 
8h11.le, black __ .. _ no 

black, j'o~~ilifeJ'o((~ (horizon of ,\llleslhilostolle)_ 1.) 6 
(lJarlem) __ 1 Ii 

470 

Hh:tle. black fO~8ilif('t·ou~ (Iwrizon of .!\IIlCS ]i!lll'l:!tone). 
Coal 

liTlw~tolle)__ 2i"i 
10 6 

3 8 
"I,illl()Htone'"_ 3 4 
Shal(), light_ _ n 
Shu.le. varipgated _.. 4 6 
Shu.le, lighL __ 
HI13.le. red and light _ 

31 

3 
Clay and bla,·k shale_ 4 S 
Hlml(). hlack. fo~siliferuns {horizon of Call1bridget lime· 

Clay and ~IHtle __ 
Clay ______ _ 

red 
light, sn.ndy __ 

Ulay and sh111e. _ 
Shale, black __ 

Coal ______________ _ 

17 

17 2 
« 
:3 1] 

3 8 

~7 10 
14 6 
18 

Clay and ~hale__ 18 4 
Shale, black and ros~iJiferous (horizon of Bl"lIsh Creek 

lillle~t()ne) __ 
Coal. bQny_._ 
Coal (Brush Creek) 

Clayanrll'hale 
Shale. Y11-riegatetL ________________ _ 

22 
10 

1 2 
8 3 

17 9 
, 2 

4 10 

5 

Shale,lig-ht_ 
Sandl'o(lk and shale (Mahoning)_ 
Hhale, black __ 
"Gpper Freeport eoal (top of Allegheny formatiOI). 

}'t III 

8 
31 Ii 

377 

'rotal thtekn"'.8 01 Conema.ngh formation ahown In R,"·ol"d. Nos. 1 and ~ 

Rec()rdKo,l_ 
R()cord ~o. 2 

Feet 
4j(j 
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The Conemfl.ugh, like the Allegheny formation, ho.s been 
subdivitleJ. into a number of membcrs, t.he names of which havc 
long been in use. However, the identity of' memhers of the 
Conemaugh formation that have been given the snme names in 
fill' separated areas can not be established in all localities, and 
fiS used in this folio the names for subdivisions of this formation 
imply only approximate stratigraphic position. The beds of 
fossiliferous limestone and shale afford the most yaluable key 
horizons in correlation. The fonowing are some of the memhel's 
and minor divisions of the Conemaug-h formation in the Homel'
set and Windber quadrangles: 

T-pper Pittsuurgh limeAtonflmelllbpt'. 
Connellsville srtndstone membel'. 
Clnrk~b\lrg limestone member. 
l\{organtowli sandstone melllhel·. 
Ames timest,one member. 
Harlem coaL 
Ewing ('/) limestone member. 
"Pitt.sburgh Reds" and other horizons of red Rhnle 
Saltsburg sandstone lllelnbel'. 
Bakerstown coal. 
Cambridge (i) limestone memher. 
Buffalo sandstone lIJember. 
Brush Creek Jimestoue nwm her. 
BrUHh Creek coal. 
Mahoning sanustone member. 

J.llalwn-ing sandstone rnember.-The lo\ver 100 feet of the 
Conemaugh formation is characteristically sandy. In somf' 
places the Upper Freeport coal is immediately overlain by 
sandstone, which locally attains fl, thickness of' GO feet; in 
other places the base of the Conemaugh formation is composed 
of sandy and day shale. No widespread division of tlle 
Mahoning into upper and lower sandstones separated by shale, 
as is characteristic of' some areas, has been recognized here, yet 
1:1. fe,,, sections contain a bed of coal several inches thick, the 
so-called Mahoning coal, between 40 and 60 feet above the 
base of' the Conemaugh formation. A thin band of red shn.1e, 
rarely more than .5 feet thick, which is exposed in a numlwr of' 
localities and is reported in seveml drill records between 45 
and "7 () feet aboye the C pper Freeport coal, is of yddespl'ead 
occurrence. The upper part of' the l\lahoning is commonly 
composed of sandy and clay shale. 

As developed in this area the ::\Iahoning sawlstone is pre
vailingly fine grained and is composed of rounded or irregular 
grains of quartz, subordinate kaolin and sericite and small 
flakes of muscovite. The cement is calcareous. The color 
is usually gray or buff, but in places the sandstone is consitler
ably stained with iron. It is commonly thin bedded, though 
in places the layers are as much as B feet thick. 

Home of the best exposures of the Mahoning sandstone occur 
in the Johnstown Basin along the routc of' the projected but 
not completed South Pennsy!vania Railroad south of the place 
wherc the Pittsburgh, 'Vestmol'eland & Somerset Railroad 
leaves the old grade about 3 miles ,vest of ]Bdie, where there 
arc ledges as much [IS 1G feet thick, and near by, in the 
o1tl grade, the Upper Freeport coal is exposed immediately 
beneath the sandstone. The Mahonillg sandstone also is well 
exposed in thc Somerset Basin, on the hillside above the 
St.nufff'r Ko. 1 mine (47), northeast of Listie; in the Berlin 
Basin, along the road above the George Orove country bank, 
half a mile south of'Reels Corners; and in the Ligonier Basin, 
above the old Dr. Burnett country bank 2 miles southeast of 
Ligonier, and above the 1Hlller country bank 2 miles northeast 
of Laughlintown. Un the other hand, sandstone in tl1e 
MalIoning member of the Conemaugh formation is poorly 
deyeloped in the southern part of the 'Vindber quadrangle and 
also locally south of the town of Somerset. The Upper Free
port coal is well exposed along the road where it crosses the 
southern border of' the Somerset quadrangle, 800 feet west of 
the Baltimore & Ohio .Railroad, but there the oyerlying 
Mahoning is represented by sandy shale. 

Brush Creek coal.-A bed of coal that corresponds to the 
llru,sh Creek bed is shown in most of the records of diamond
drill holes between 90 and 120 feet above the Upper Freeport 
coal. It has been found in all the basins and is particularly 
well developed in the Johnstown Bn.sin. The thickness of the 
coal differs from place to place, but in most places it is less dum 
2 feet, and the bed has been but little prospected. In the 
valley of Laurel Hill Creek, in the southwestern part of the 
Somerset quadrangle, a bed of coal that may be equivalent to 
the 13rl1sh Creek COllI has been mined at a fmy country banks. 

Brush Crp,ek limestone mcmber.-Black shale that lies almost 
immediately ahove the coal referred to the Brush Creek bed 
crops out in a number of places in both quadrangles. A few 
records of diamond-drill holcs in the Johnstown 13asin show 
the Pl'f'SPIH'C offos;;;i\:4 at this horizon. 

Buffalo sandstone 1nember.-Above the Brush Creek horizon 
lies It zone of arenaceous roeks that ('ol'responJs to the Buffalo 
sandstone, the base of \vhich is approximately 150 feet above 
the Upper Freeport coal. In places at this horizon a bed of 
sandstone from 10 to 40 feet in thickness is present, whereas 
ill other places only shale occurs. The Buffalo sandstone forms 
the cliff along the Somerset road three-quarters of' a mile south 
of Sipesyille; it occurs also in the ridge east of Laurel Hill 
Creek in the southwest corner of the Somerset quadrangle, in 
the hillside north of the South Fork of Bens Creek, and in the 
hillside a quarter of a mile southwest of the old Burnett coal 
mine, 2 miles southeast of Ligonier, ,,,here the stone is quarried. 
The Buffalo sandstone as here de\-eloped iR fine grained, gray 
to buff, and composed of quartz and decomposed feldspars. 

Cambridge (.2') limestone member.-A bed of f'ossiliferous cal
careous black shale, which commonly contains nodules and 
thin bands of limestone, occurs about 250 feet above the Upper 
Freeport coal. This fossiliferous shale lies in the approximate 
stratigraphic position of the Cambridge limestone, but in the 
absence of careful tracing of beds across western Pennsylvania 
and eastern Ohio and checking of both paleontologic and strati
graphic evidence, precise correlation of closely related fossili
ferous beds in the Conemaugh formation can not be made. 

Fossils, identified by G. H. Girty, were collected from this 
black shale at the following locality: 

From shaly limest.one in a ravine q. miles northeast of Laughlintowll 
and 2} miles southeast of Ligonier: 

Lophophyllum profundum. 
Lingula carbonaria. 
Phan()rotrema gr:tyvillense1 

Balcerstown coal.-One or morc thin beds of coal are shown 
in diamond-drill records, mostly in the Johnstown Ba.sin but 
also in the Somerset and Berlin Basins, between 230 and 260 
feet f1bm"e the Upper Freeport coal between the Buffa.lo and 
Saltsburg sandstones in the zone in which the Bakerstown coal 
OCCUI'S. These coals are thin and lenticular and it is question
able whether any oue of them is continuous with the Bakers
town coal at the type locality in Allegheny County. Ooal in 
this zone has been prospected near the top of' the hill at the 
eastern horder of the Somerset quadrangle immediately south 
of Beaverdam Creek. The so-called" Lower Bakerstown (?)" 
or "Thomas (?)" bed, represented by a few inches of coal in drill 
records, OCCllI'S beneath the Cambridge (?) limestone. 

Saltsburg Handslone -me-mbe1".-The t1altshurg sandstone is only 
locally ,veIl developed, and in most places in the area under 
consideration the rock at its horizon is shale. The chief occur
rences of the sandstone are in the southwestern and northeast
ern parts of' the Somerset quadrangle. Neal' the southwestern 
corner of the quadrangle blocks of buff quartz-feldspar sand
stone, which litter the surface of the ridge east of Laurel Hill 
Creek, are in the approximate position of the Saltsburg, and 
in the highland area north of the South l;~ork of' Bens Creek, 
in the northeastern part. of' the quadrangle, massive bl'O'wnish 
arkosic sandstone for111s ledges along the middle slopes between 
aoo and :3;30 fect above the Upper Freeport coal. 

"PitkJburgh Reds" and otlter zone.~ of Ted sh((/e.-The Cone
maugh formation contains seyeral zones of rcd shale. One 
zone has been mentioned in the description of the Ma.honing 
sandstone member as occurring between ~1;) a.ud 75 feet above 
the Upper Freeport coal. 

Another persistent zone of' red shale occurs between the 
Brush Creek and Cambridge (?) limestones, 160 to 180 feet 
above the Upper Freeport coal. Several diamond-drill records 
show the presence of red shale in this zone between g and 20 
feet thick. Red shale at this horizon crops out in a number 
of places and is conspicuous along the road 3 miles southwest 
of J ennertown and at several places along the road between 
2 and 2! miles south and southwest of R.alphton. 

The zone of' red beds known as the "Pittsburgh Reds" 
occurs between the Cambridge (?) and Ames limestones. In 
the drill holes that have been put dmvn through these rocks 
they were encountered between 325 and ;375 feet above the 
Upper Freeport coal. A conspicuous outcrop of the "Pitts
burgh !teds" occurs in the cut on the Pittsburgh, \Vestmore
land & Somerset Railroad half a mile northwest of Allenva]e, 
'where at least 15 feet of sandy red shale is exposed. Other 
conspicuous outcrops of red shale in this zone occur along 
t.he Forbes road 2i miles east of Ligonier and at a number 
of places in that vicinity. The highest horizon of' red beds 
observed in this area is about 250 feet below that of the Pitts
hurgh coal, where 4 or [) feet of red shale has heen seen in a 
few outcrops and in drill cores. 

Ewing (t) limestone member.-A bed of limestone crops out 
in the vicinity of Lavansville, in the .J ohnstown Basin, and 
formerly was quarried for use in making lime on almost every 
farm where it occurs. It is a massive fine-grained blue-gray 
limestone, a partial analysis of' a sample of which is given on 
page 13. It :ranges fr0111 4 feet to n feet 6 inches in thickness 
and is commonly 5 feet. It is overlain by a bed of coal 
averaging 12 inches in thickness, which may he the Harlem 
coal, and locally is underlain by red shale. In places 2 or 3 
feet of' drab shale intf'l'venC's hetwcPll t.he ('oal mHl t.he limestone. 



Minute coiled 8he118, identified b'y G. H. Girty HS Spi"o'/'bis 
anthrncosi(r'/, ure the only fossils founu in this limestoue. Very 
little drilling has been done in the area of outcrop, and the 
precise stratigraphic position of this bed has not been deter
mineu. It is tentati vely correlated with the Ewing limestone. 

Ames lhnestone membcr.-One of the most persistent memhers 
of the Conemaugh is the Ames or "Crinoidal" limestone, 
whieh occurFi about midway in the formation. In the area 
here considered it is represented by a fossiliferous ('alcareous 
dark-gray or greenish to black shale, carrying thin limestone 
layers and concretions, which OCCUlS between 380 and 400 feet 
above the Upper Freeport coal. 

The Ames limestone has been removed bv erosion from 11 

large part of the Berlin and Somerset 13asin~ in these quad
rangles. In the ,Johnstown Basin the Ames outcrop WUE found 
at a few localities southeast of Laurel Hill, and rerords of 
diamond-drill holes in the northern part of the basin show the 
presence of a fossiliferous black shale, which presumably is the 
representative of the Ames limestone and which lies immediately 
above a thin bed of coal (the Harlem ?). The Ames limestone 
is well exposed in the cut of the Pittsburgh, Westmoreland & 
Somerset Railroad half a mile northwest of Allcnvale, where 
the following section was measured: 

Section in rail1'oad cut half a mite northwest of.A llenvale 

Sanustone, arko~ic, thin to medium bedded__ 1(4-
Shale, buff to dark, sandy. _ _ Hi 
Shale, dark gray to black, calcareous, with limestone 

layers tmd concretions, highly fossiliferous (horizon of 
Ameslimestone) __ ... 

Coal (Harlem) _ 
Shale, drab and black, clay ____ Hi 
ShalC', red and green ("Pitt~burgh fulds"). 

The fossils listed below, identified by G. H. Girty, were 
obtained from the calca,reous shale at this place: 

Derbya crassa? 
Chonetes aft'. O. flemingi. 
Productus portenuis. 
,\rnbocoelia planiconn'xn (\,f-'I'Y 

abundant) 
l~dmondia sp. 
N nenla parva. 
I,eda meekana. 
Allorisma gelnitzL 

Deltopecten o(lcidentalill'l 
Acanthopecten carbonlferns. 
Parallelodon t,enuigtriatus. 
Patellostium rnontfOrtillUUIll. 
Euphemull carbonarius. 
Phanerotreilla grayvillense 
OresteH nodosua1 
Schi1.oHtoma catilloirlf's. 

I Plieudorthocerlls In1oxen8C', 

In Ligonier nasin the Ames limestone is locally conspicuons, 
and its outcrop is shown on the map. Outcrops 'vere obscn'C'd 
along the road 2i miles east of Ligonier, both east anu west of 
a sman ravine half a mile west of Lebanon Church at altitudes 
of 1,550 and 1,600 feet respectively; along the Pittsburgh and 
Philadelphia road 1 mile southeast of Ligonier, at an altitude 
of 1 ,260 feeti and 2 miles south of Ligonier, on the northeast 
side of a high hill at an altitude of 1,400 feet. At all thrse 
outrrops the Ames is characterized by a greenish shal), fossil
iferous limestone 1 to 3 feet thick. 

Morgantown sandstone mernber.-'l'he Morgantown sandstone 
is ,"Yell exposed in the Ligonier Basin and crops out conspiru~ 
ously in the vicinity of the town of Ligonier. Ledges of this 
sandstone are prominent at the base of the hill Oil the south 
side of Loyalhanna Creek opposite Ligonier, ,,,he1'e a quarry 
has been opened. This sandstone is prominently developed in 
the hills on both sides of the Pittsbllrgh and Philadelphia road 
south and east of Ligonier, ",here it ('an be followed as a zone 
of sandstone and sandy shale across the nortlnyest corner of 
the Somerset quadrangle. 

In this area the Morgantown sandstone occupies a zone of 
about 60 feet, the base of which lies approximately 300 feet 
below the Pittsburgh coal. In this interval several lenses of 
massive sandstone are separated by sandy shale. Massiye sand
stone 50 feet thiek in places passes along the strike into thin 
beds of sandstone and shule. In other places there is no 
massive bed of sandstone, but the entire Morgantown interyal 
is represented hy thin beds of sandstone and shale. In the 
vicinity of Ligonier the 110rgantown is a fine-grained gray to 
greenish-gray sandstone composed of quartz and decompoEed 
feldspar and subordinate muscovite. 

Clarksburg limestone rnember.-Limestone in the approximate 
position of the Clarksburg erops out locally in the Johnstown 
and Ligonier Basins and has been encountered in diamond-drill 
holes. Records of drill holes northwest of Boswell show beds 
of limestone 200 and 300 feet above the Ames limestone. 

In the Johnstown Basin just north of the PittEburgh and 
Philadelphia road. near Jennertown, in a quarry on a bed of 
limestone, the following section was measured: 

8eetion at qtta1'ry half a mile west of JennM'/own 

Shale, buff, sanuy . 
Calcareous shale_. __ 
Limestone conglomerate __ 
Limestone, massive, flne grained, blue-gray 

n. ill. 
12 
12 
1 
4 

A bed of limestone crops out along the road at the forks half 
a mile north of Glessner, in the northeastern part of the Somer
set quadrangle, ,yhere a small 4,uarry was once opened. The 
rock is a fineRgrained blue-gray limestone, of which not more 
than 4 feet is exposed. It contains the coiled shell SpiJ·Q1·bis. 
A diamond-drill hole in the vicinity of this limestone sho,,,s 
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that it is 040 feet above the (Tppel' Freeport eoal. A he(l of 
limestoltt' at approximately the same horizon has been opened 
in three places on the plateau north of the South Fork of Bens 
Creek, in the northeast rorner of the quadrangle. 

In the Ligonier Basin two quarries have been opened on a 
hed of limestone referred to the Clarksburg-one on the J. A. 
:\:Iiller farm, 1~, miles northeast of Ligonier, 1 mile south of 
the north border of the quadrangle, at an altitude of about 
1,.570 feet, and another on the Singer farm, at the north border 
of' the quadrangle, 2 miles northeast of Ligonier, at an altitude 
of 1,450 feet. The bed eonsists of a fine-grained blue-gray 
limeEtone about 4 feet thick. 

ConnellSIJille sandstone member.-The Connellsville sand-
1>tone is poorly developed in this region and forms few ('on
spicuous outcrops. Its most notable occurrence is near the 
center of the ,Johnstown syncline, on the plateau north of 
the South Fork of Bens Creek, in the northeast corner of the 
Somerset quadrangle. There the Connellsville is represented 
by a zone of buff sandstone less than 20 feet thick. In the 
Ligonier Basin the Connellsville is less conspicuous, and the 
beds at its horizon conEist of sandy shale. 

Upper Pittsbnrgh limestone member.-A bed of limestone in 
the approximate pOEition of the Upper Pittsburgh occurs in 
the Ligonier and Johnstown Basins, between 40 and .50 feet 
below the Pittsburgh coal. 

In the Johnstown Basin the Upper Pittsburgh limestone has 
been quarried at several places a few miles northwest of Bos
well, as shown on the map, and above it occur the outlying 
remnants of' the Monongahela formation. 

The Upper Pittsburgh limestone is a massive tine-grained 
hlue-gray rock ahout 5 feet thick. 

In the Ligonier Basin within the limits of the Somerset quad
rangle this limestone is known to crop out in only one locality. 
It caps the hill half a mile southwest of Ligonier at the border 
of the quadrangle, whel'f~ it is quarried by H. M. Karns. 

In a few ph-wes, as at the Karns quarry, this limestone is 
overlain by a bed of coal, in most places only a few inches 
thiek. The greatest thickness recorded is 1 foot 6 inches in n 

drill hole northwest of Boswell. It is the bed known as the 
Upper Little Pittsburgh coal. The interval between this bed 
and the top of t.hr Oonemaugh, about 40 feet, i>l occupied by 
shalf'. 

Defin'ition.-The Monongahela formation extends from the 
base of tho PittAburgh coal to the top of the Waynesburg coal. 
The formation is named from Monongahela River, along which 
these rocks are well ueveloped. 

D1:~tribntion and thicknes8.-The Monongahela formation is 
represented by small outlying ureas in the center of' the Johns
town syncline northwest of Boswell, in the Somerset quadrangle. 
The presence of the Monongahela in these areas is shown by the 
records of diamond-drill holes, two of which were started a few 
feet Lelow the Pittsburgh coal and continued down to the 
.r ohnstown limestone, in the Allegheny formation. The Mo
nonguhela formation also occurs in Ligonier Valley in several 
disconnected areas that lie outside the Somerset quadrangle, and 
the Pittsburgh coal crops out on a hill three-quarters of a mile 
west of Ligonier. Other outlying areas of this formation occur 
in the Berlin Basin south of the area mapped in this folio. 

The Monongahela formation ranges from less than 200 to 
somewhat more than 400 feet in thickness. In Fayette and 
\Vestmoreland Counties I. C. White reports a thickness of 367 
feet, but in the Somerset quadrangle erosion has carried away 
all but the lower 80 feet or less of the formation. 

Pittsbu1'gh coal.-The Pittsburgh coal, which lif's at the base 
of the Monongahela formation, is the most persistent and valuR 
able coal bed in western Pennsylvania, where it underlies an 
area of more than 2,000 square miles, and averages possibly 7 
feet in thickness. 

In the Somerset quadrangle the small outlying area of Pitts
burgh coal in Jenner rrownship is in large part exhausted. 
The coal has been mined there for many years at country banks 
in which the complete section of the bed is not exposed. The 
following measurements were made at the mines indicated: 

Sections of Pittsburgh eoal at mines in Jenne1' Townsl!ip 

J. G. Berkey mine: 
Coal .. 

Reuben Horller mine: 
Sandstone. 
CoaL. __ 
Shale." __ 
CoaL. __ 
Sand~tune __ 
CoaL_ 

Fred Trexelllline: 
Clay shale. _~_ .. _. ______ .. __ _ 
OoaL.~ _ 
Base not exposod. 

Ft. in. 
4 10 

1 G 

2 2 

Overlying beds.-The poor exposures do not reveal the 
detailed composition of the beds that overlie the Pittsburgh 
cOfll in this region. Local sections show sandy shale alld clay 
shale and thin beds of sandstone up to about 50 feet above the 
coal in the northernmost of the areas of the Monongahela for
mation. Tn the sout.hern area the PittslHlrgh coal is oyerlain by 

anot.her bed of ('ofll which may possibly correspond to t}H~ Rf'(l
stone bed. The interval, howcyer, is somewhat short, Hnd lllor~ 
probably it is the equivalent of the Pittsburgh Rider. Here the 
two roals are separated by about 35 feet of shale. The upper 
bed of' coal underlies only a few acres near the top of fl hill, 
under scarcely any cover, so that it is of no commercial yalue. 

STRUCTURE 

The rocks of the Somerset and 'Vindbcr quadrangles, in 
accordance with their situation neal' the margin of the 
Appalachian Plateaus, on the eastern flanks of the Pittsburgh
Huntington Rasin, arc folded into a series of pronouneed anti
clines and synclineE. The rell1tion of the structure in these 
quadrangles to the geologic structure in southwestern Pennsyl
vania iE shown in figure 5. The illustration emphasizes the 
northeastward trend; the general decrease in the steepness of 
the folding from east to west; the persistence for many miles of 
the main axes of folding; the development of secondary folds; 
the local curvature of the axes; and the oceurreure of knobs 
and depressions along the axes. 

The structure is indicated on the maps by means of eon tour 
lines-that is, lines that connect points at which the bed selectrd 
for a reference stratum lies at e(lIH11 altitude with respect to sea 
level. The contour lines show the strike and dip of the brds, 
the positions of anticlinnl and synclinnl axes, and some details 
offolding. 

In the Somerset quadrangle the contours are based on the 
top of the Johnstown limestone and in the 'Vindber quad
rangle on the bottom of the Lower Kittanning coal. In the 
synclinal areas, about the margins of which these reference 
strata crop out and beneath whicll they have been encountered 
in mining operations and in drilling,2 the data are much more 
complete than on Allegheny Mountain and Laurel Hill, from 
which the reference strata have been eroded Hnd where the 
chief dependence in drawing contours has been ph-teed on 
outcrops of the Loyalhanna limestone and the Mauch Chunk 
shale. In the Ligonier syncline, where little is known of the 
Johnstown limestone, and where no records of tliamond-drill 
holes are available the structure contours are lei3s reliable tlum 
those in the other basins, where there are more data. In the 
Ligonier Valley the outcrops of the Lower Kittanning fllld 
Upper Freeport coals and the Ames limestone Hre the main kcy 
beds. 

The two chief arches of tho quadrangles are tli(' 8ayuge 
Mountain and Laurel Hill antidines, \vhich are regional 
folds that persist for a number of miles beyond the limits of 
the area. The J ohnsto"m amI Ligonier synclines, which lie 
respectively east and west of the Laurel Hill anticline, are 
strongly deyeloped basins, but the folds that lie between the 
,Johnstown syncline and the Ravage Mountain anticline-the 
Boswell dome, Somerset syncline, \Vilmore syncline, K egro 
Monntain anticline, and Derlin syncline-here are relatiyt'ly 
less strong, and they all terminate either at their northern or 
southern ends within the small area embraced by these quad
rangles-in fact, the Roswell dome find Somerset syncline Hre 
entirely confined to this area. 

Savage Mountain anticline.-The most pronounced fold that 
affects the rocks in the quadrangleE is an anticline, the western 
limb of which forms the Allegheny Front in the Windber 
quadrangle and for some distance beyond. Detailed geologic 
work has not been done in a large art'a occupied by this fold, 
which is named the Savage Mountain anticline by the Second 
Geological Survey of Pennsylvania. 

Because of the steep dips structure contours have not been 
drawn east of Allegheny Mountain. Near the southeast corner 
of the 'Vindber quadrangle Chemung sandstone dips 20°_25°' 
N'V. The dip decreases northwestward and on Allegheny 
Mountain is between ,5° and 10°. The Lower Kittanning coal 
crops out on the fla,nks of the mountains at an altitude of 
2,700 feet and deseends to an altitude below 1,700 feet at the 
base of the arch. 

Berlin syncline.-Tbe Berlin syncline is named from the 
town of Berlin, 7 miles southwest of Shanksville. Near the 
southern border of Pennsylvania this fold is also known as thc 
Salisbury syncline, and in the Accident-Grantsville folio a fold 
that presumably is the same one is called the Castleman syn
cline. s The Berlin syncline lies between the Savage Mountain 
and Negro Mountain anticlines and is a typical canoeRshaped 
basin, in which the rocks rise along the axis in both directiolls 
from the center of the trough, which is a few miles north of 
the Pennsylvania-Maryland State boundary. 

In the 'Vindber quadrangle the north end of the I~erlin 
synclille terminates on the western limb of the Savage 1!01l1l
taill anticline in the vicinity of' Dark Shade Creek, near Reitz. 

• 'fhe tieological Survey is under obligations, for permission to u~e mine 
maps and drill recorrls, to the coal.mining companies that operate in the 
two quadrangles, especially to the Consolidation Coal Co.; Berwind· \Vhite 
Coal Mining Co.; Reading Iron Co., Somerset Coal Department; Loyal 
Hanna Coal & Coke Co.: Hillman Coal & Col,e Co.; Quemahollillg Coltl 
Cu.; Reitz Coal 00.; Stauffer-QuemahoniIlg ConI Co.; Kniekerboeker Coal 
Cu. S. E. Dickey & Co. and C. Collins, mining ellgincers, ~tnd F. Vi". 
CUDningham, State coal-mine inspector, also extended. many courtesieH. 

'U. S. Geol. SUl'vey Oco!. AtlllA, A{'('jdt'nt-Grant~ville foliu (~o. tOO), p. 9, 
1908. 



From Reitz t.hc axis of' the syncline extends southwestward 
through Cairnbrook, west of Central City, and east of Bucks
town and crosses the southern border of the quadrangle 11-
miles southellst of Shanksville. Along the plunging axis the 
Lower Kittanning coal descends from un altitude of 2,250 feet 
to less than 1,700 feet above sea level within a distance of 
about 10 mile!:!, nnd along both limbs of the syncline the rise 
of the rocks is greater. The steepest dips are along the south
eastl:'rn lim b, neal' the south mal'gin of the quadrangle, 'where 
the reference coal bed rises from an altitude of 1,200 feet along 
the axis of' the fold to 2,300 feet at the outcrop, 1t miles dis
tant. On the northwest limb the same rise occurs in 2~- miles. 

_Negro Mountw/:n GuticUne.-The :Negro ,Mountain anticline 
is named f!'Om Kegro Mountain, l;L prominent topographic 
feature near the Pennsylvania-Maryland linc>. This anticline 
is well developen along Castleman River bet\veen ]{ockwoorl 
and Garrett, "where the Mauch Chunk shale is brought to the 
surface. Northward, however, the fold decreases in intensity 
Hnd disappeBrs in the 'Vindber quadrangle in the vicinity of 
8hade Creek between Reitz Hnd Hillsboro. In this area the 
fold is not conspicuous t.opographically, although it roughly 
corresponds to a highland zone that marks the northern exten
sion of Negro :\Iountain. The axis enters the Windber quad
rangle near its southwest cornel' and extends northeastward 
a.pproximately parallel to the trend of the adjacent folds. 
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f'yncline at the north in the vicinity of Hollsopple and at the 
southwest near Lavansville. This fold formerly was thought 
to be continuouB,with the Wilmore syncline, but the two are 
clearly separated, as shown on the structure map. 

The Homerset syncline is a cUHed fold that trends north
east in its southern part and almost due north in its northern 
part. It is about 17 miles long and between 7 and 8 miles 
wide. On the eastern limb of the syncline the dips are fairly 
regular and carry the Johnstown limestone from an altitude of 
almost 2,400 feet down to an altitude between 1,600 and 1,700 
feet. On the west.ern limb, owing to the shape of the adjacent 
Boswell dome, the rise of the strata is irregular and t.he maxi
mum altitude attained by the Johnstown limestone is about 
2,100 feet. The Somerset syncline at its southwestern extrem
ity merges into the Johnstown syncline by the fading away of 
the southward-pitching south end of the Boswell dome. So, 
too, it merges at its north end into the .Johnstown syncline in 
an embayment of that syncline around the north end of the 
north ward-pitching Boswell dome. 

Boswell dome.-The Bos"well dome is named from the to\vn 
of Boswell, in the Somerset quadrangle. This dome was 
formerly thought to be continuous \yith the Viaduct anticline, 
now called the Ebensburg anticline. Thflt fold, however, 
terminates at the south edg~ of the Johnstown qua.drangle anrl 
is distinctly separated from the .Boswell dome. 

~'[(lI'IlE 5.-"?tfftl' of plll·t. uf sout.hwe~tel·n PPllll~ylVIl.nia ~ll()whlg t.he ~t.ruetIH" by COllt()UI·~ drawn on tht.' Pitt~burgh coal. 
U,mt-our int-el"vaI100 fe~t; ,la,t.um, ""u iPwl 

The Ne~ro MOlJlltaill anticline throughout the greater part 
of its extent in t.his area is a flat-topped regular fold between 7 
and 8 milt's wide from hase to base. The horizon of the Lower 
Kittanning ('oal lies at an altitude slightly morc than 2,~00 

feet above sea lev~l along the crest and descends to less than 
1,700 fect in the Herlin Basin on the east and to less than 
1,nOO feet in the Somerset Basin 011 the west. At the northern 
extremity of the anticline, where this fold merges ,,,,ith the 
western limb of' the Ravngf' ~lountain anticline, the dips are 
somewhat ulltlulating. 

lVilmorc syncline.-The 'Vilmore syncline is named from 
the town of \Vilmore, on tlle Pennsylvania Railroad west of 
Portage. It is a. canoe-shaped basin about 32 miles long, 
which terminatcs at the north in the Patton quadrangle and 
at the south in the \Vindber quadrangle in the vicinity of the 
town of 'Yindber. The deepest part of the trough, where the 
Lower Kittanning eonl lif's at nn altitude of 800 feet, is at 
the border of the Ebensburg and .Tohnstown quadranglcs,\) 
miles northeast of 'Vindber. From this place the rocks rise 
steeply along the axis until in the \Vindber quadrangle the 
Lower Kittanning coal attains an altitude of more than 1,700 
feet. In the vicinity of \Vindber the 1,700~foot. structure con
tOUl' swings around the axis of the 'Yilmore syncline at its 
south end, and the 1,760-foot contour extends across the 'west.
ern limh of the :Mount Savage anticline. 

Somer8ef, syncline.-The Somerset syncline, nflmed from the 
town of' Somerset, merges at both ends into the Johnstown 

The Boswell dome is an elongated quaquaversal fold, y\·hich 
liel:l between the Somerset and .Johnstown anticlines. It trends 
northeastward and is about 13 miles long and (-) 111iles wide. 
The erest of the dome lies about 2 miles south of _Hoswell, and 
from it the rocks slope flway in all directions. The .Tohns
town limestone attains an altitude somewhat above 2,100 feet 
at the crest and descends to an altitude between 1,GOO and 
1,700 feet in the Somerset Basin ancl to less than gOO feet in 
the trough of'the ,Johnstown Basin . 

.Jf)lmstown syncline.-The Johnstown syncline, named from 
the city of .Johnstown, in Cambria County, is a structural 
trough that extends for a number of miles immediately east of' 
Laurel Hill. Its axis crosses the northwestern part of the 
\Vindber quadrHngle, where its course is almost due east, and 
thence it trends south'ward across the central part of the Somer
set quadrangle, whieh it leaves near the sonthwest eorner. In 
the 'Yindber quadrangle an extraordinary local development 
of the fold occurs in the area where the Ebensburg anticline, 
'Vilmore syncline, Negro Mountain anticline, and Berlin syn
cline fade a way. In a belt 3 to 5 miles wide between \VindbE'l' 
and Hillsboro the beds rise continuously along the E'outheastern 
limb of the .Johnstown syncline, which in that area is also the 
northwestern limb of the Savage Mountain anticline, so that. 
the Lower Kittanning coal, which along the a.xis of the 8yn
dine has an altitude of about 1,100 feet, attains an estimated 
altitude of more than 2,600 feet at the eastern border of' the 
quadrangle within a (listan{'e of about 12 miles. South of this 

belt, in the vicinity of Davidsville and Hollsopple, around 
the north eud of the Boswell dome, the Johnstown syncline 
merges into the Somerset syncline as already mentioned. 

In the Somerset quadrangle the ,Johnstown syncline is 
eli vided into two quite different parts. In the northern half of 
the quadrangle this syncline is a deep and narrow trough 
that forms a distinct ca.noe~shaped basin. The center of this 
trough lies 5 miles almost directly north of the crest of the 
Boswell antieline, and in that d.istance the Johnstown limestone 
rises from an altitude of less than noo feet to more than 2,100 
feet. On the north'western limb the dip is even steeper, and 
there the Johnstown limestone rises to an estimated altitude of 
more than 3,200 feet. Along the axis of the syncline the 
Johnstown limestone rises to the northeast from less than 900 
to about 1,200 feet and on the south'west to almost 1,600 feet. 
In the southern part of the Somerset quadrangle, owing to the 
fading away of the Boswell dome and to its coalescence "with 
the Somerset syneline, the Johnstown Basin broadens out on 
the east and occupies approximately the entire width of the 
quadrangle. In the broad central area of this part of the 
,Johnstown syncline the Johnstown limestone lies between 
1,600 Hnd 1;700 feet aboye sea level. 

Laurel Ifill anticline.-The Laurel Hill anticline, one of'the 
major folds of the platean regioll, extends for a number of miles 
beyond the area here considered. Almost throughout its 
extent its location is marked by a conspicuous zone of high
lands, and the axis of the fold corresponds approximately with 
the crest of Laurel Hill. 

In the Somerset quadrangle the anticlinal axis for the most 
part lies somewhat west of the actua.l divide. In the northern 
part of the quadrangle the axis in general trends N. 30° E., 
but between the heads of .Furnace Hun and Indian Creek 
the axis curyes and trends more westward. The position of 
this change in trend marks a low zone toward which the axis 
plunges, for the strata rise alon,e: the axis from this zone toward 
the northeast and southwest. The northeastward rise does not 
continue far, however, and for severalllliles along the axis the 
heds lie practieally fiat. 

The Laurel Hill a.l1tieline as developed in the Somerset 
qnadrangle is a broad, flat-topped unsymmetrical fold, the 
southeastern limb of which is shorter and steeper than the 
north western limb. For a distance of 1~. miles across the strike 
on the crest of the fold the rocks lie almost leyeI. On t.he 
southeastern flank the beds descend 2,200 feet in a distance of 
2h· miles, and on the northwestern flank an equal descent is 
a;complished in 4 miles. 

These dips bring to the surface beds that deeply underlie the 
gl·eater pa.rt of the quadrangle. The Pocono formation occu
pies a considerable part of the crest of Laurel Hill and is 
exposed in the valleys for some distance down each flank 
Nea.r the western border of the quadrangle, dose to the plung
ing axis, the Pocono formation passes beneath the surfaee, the 
Mauch Chunk and Pottsville formations successively form parts 
of the summit, and locally ontliers of the Allegheny formation 
eap the ridge. Throughout the greater part of Laurel Hill, 
however, the coal measures have been removed by erosion. 

Ligonie1' syncline.-The Ligonier syncline, named from the 
town of Ligonier, lies northwest of' the Laurel Hill anticline, 
and only its southeastern limb is included in the Somerset 
quadrangle. It lies between Chestnut Ridge and Laurel HilI, 
and the distance from crest to crest across the strike is 11 miles, 
t.he axis of the basin at Ligonier being 7 miles from the crest 
of the Laurel Hill anticline and 4 miles from that of' t.he Uhest~ 
nut Ridge anticline. The steep dips along the upper flanks of 
Laurel Hill extend to the vicinity of Langhlintown, beyond 
which the strata flatten so that their inclination is barely per
ceptible in the vicinity of Ligonier. The greater part of the 
surface of the basin within the Somerset. quadrangle is occupied 
by the Conemaugh formation, and a.t Ligonier the sandstones 
of the Pocono formation, which form t.he crest of Laurel 
Hill, lie about 1,200 feet below the surface, or practically at 
sea level. 

GEOLOGIC HISTORY 

PALEOZOIC ERA 

UENETtAL OUTLINE 

The area included in the Somerset and ·Windber quadrangles 
formed part of the Appalachian geosyncline, a long and relatively 
narrow trough that extended with yarying out.lines during 
different epochs of' Paleozoic time across the eastern part of the 
continent from the Gulf of' Mexico to the Gulf of St. Lawrence. 
The epieontinental sea that occupied this trough was bordered 
on the east by a land mass, Appalachia, which lay mostly east 
of the present Blue Ridge in the region of the Piedmont 
Platea.u, the Coastal Plain, and the Continental Shelf. 

Into this sea vast quantities of sand and clay derived from 
the disintegration of the rocks of the bordering land were trans
ported by rivers and distributed by currents or deposited in 
deltas. In places calcareous deposits were formed of calcium 
carbonate th[l,t was withdrawn from solution in sea water by the 
secret.ion of plrmts and animals or possibly at t.imes by direct 



clwlllieai precipitation. Conditiolls of deposition vnrit'd, 1'10 

that ,,,bile saud \HIS being laid down in Olle area, mud wus 
accumulating in another and calcareous ooze elsew here. l,'inally 
a great mass of sediment, having a maximum thickness of about 
40,000 feet, was deposited in the trough, which throughout the 
greater part of Paleozoic time WflS u. down warping area. Tn 
general, subsidence kept pace with the deposition of the sedi
ments, but depression \VIlS interrupted a number of times h.Y 

uplifts. These uplifts and dowll\varps and the corresponding' 
retreat and advance of the sea caused hiatuses and overlaps, 
hut the most pronounced stratigraphic variation is the great 
increase in the thickness of the strata from west to east, tow3nl 
the source of the sediments. Between central Ohio and the 
region east of the Allegheny Front in central Pennsylvania, 
for instance, the thickness of rocks of' Upper Devonian fI~e 

increases from less than 800 feet to more than 8,000 feet. 

UPPER DEYONL-\N EPOCH 

During Chemung and Catskill time varied conditions of 
deposition prevailed in the Appalachian trough. Extending 
southwestward from the Catskill Mountain area, in New "York, 
across Pennsylvania, Maryland, and 'West Virginia, H great 
mflss of red beds consisting chiefly of shale and fine.grained 
sandstone, marked by the presence of ripple marks and lllud 
cracks, was laid down in large part in a series of deltas along 
the mouths of rivers in an area more or le1ls cut off' from the 
sea. Deposition of red beds began in the Catskill .Mountain 
area in pre-Chemung time and continued in parts of the basin 
through the Devonian period and possibly into the Mississippian 
epoch. In other parts of the basin the fossiliferous greeni8h
gray sal~dstone and shale of the Chemung formation were laid 
down coincident with red-bed deposition elsewhere. In the 
Allegheny Front region, including the Somerset flml 'Windber 
quadrangles, marine conditions under which the fossiliferous 
beds of the Chemung formation were deposited ,vere succeeded 
by nonmarine couditions under which red beds of the Catskill 
facies accumulated. 

The red color of the Catskill formation is due to the presence 
of interstitial red pigment, ferric oxide, derived from the 
decomposition of iron-heRring minerals in the rocks t.hat sup
plied the sediments. In the change the iron passed through 
various stages of oxidation and hydration, with correspondillg 
shades of yellow and brown, until it finally became dehydrated 
to the red ferric oxide. The red beds possibly were deri ved 
from residual red soil. As originally deposited, howevfl', the 
sediments may not have been entirely red, but presumably the 
present eolor of the formation was developed in part durinp; 
and after deposition. 

CARIIONU'l~HOUS l'BHTO]) 

Although the Catskill formation is apparC'ntly oyerlain COll

formably by the Pocono changed conditions of sedimentation 
are indicated by the fact that red beds are abrupLly succeeded 
by gray sediments. The inclosed area in which the Catskill 
beds were laid down gave way in Pocono time to an area of 
more open water, and uplift of at least part of the adjacent lund 
area is indicated by loeal beds of' coarse sandstone and con
glomerate in the Pocono formation. Vast quantities of sand 
and relatively less clay ,,'ere spread widely over the Appa
lachian Gulf during Pocono time. An interval between the 
deposition of the Pocono and that of the overlying Loyalhanna 
limestone is indicated by the absence of the Keokuk, Warsaw, 
Spergeu, and St. Louis faunas in this general region. 

After the deposition of the Loyalhanna limf'stone conditionR 
.<Jomewhat similar to those of Catskill time prcvlliled in t.his 
region, and l\Iauch Chunk time is characterized by the deposi
tion of red beds. The presence ofmnd cracks and ripple marks 
and the general absence of fossils in the ~.fallch Chunk red 
beds indicate that the deposits were laid do\vn in a shallow, 
more 01' l('ss inclosed arefl of the sea, in which the aceumulating 
sediments ,vere at times exposed to subaerial conditiom. The 
presence of thin limestone beds in the Mauch Chunk shale, 
which contllin marine fossils and which represent the north
ward fading away of the Greenbrier limestone, a formation tlwt 
attains considerable thickness in Virginia, is evidence. t.hat t.he 
area in which the Mauch Chunk \vas deposited had local con
nect.ions wit.h the sea. 

After the deposition of the Mauch Chunk shale there WII!'! 

regional uplift, and a port.ion of t.he Appalachian Gulf became 
a land area that was subjected to subaerial erosion. .A .. larl!,"e 
part of the Mauch Chunk was thus removed, and in places 
in western Pennsylvania tlle entire formation and part of the 
underlying Pocono waR washed away. 
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Til Penn>lylvania the preRent V~lryillg t.hieknesR of t.lw l\Jaueh 
Cinlllk shale, although no doubt in })llrt uue to diffl-'l'ellCeS ill 
quantity of tllt' original deposits, iEl in part due to pre-Pot.ts
ville erosion. The :Mauch Chnnk is more than 2,000 feet 
thick in the northeastern part of the State, only about 200 feet 
thick along the Allegheny Front, about tiO feet thick below 
Blairsville, to judge from well records, and is absent in parts of 
Armstroug County and farther west. 

The uplift that initiated this erosion marks the end of Missis
sippian time and the beginning of Pennsylva.nian time. In 
,,,estern Pennsylvania and adjacent regions this erosion interval 
lasted throughout the greater part of Pottsville time, for while 
several thousand feet of deposits of that age were being laid 
down in the southeastern portion of the Appalachian trough 
the region of' t.he· Allegheny Front was a land area. This area 
WHS not submerged so as to receive deposits until the later part 
of Pottsville time. 

At the end of this period of emergence and erosion appar
ent.ly the extreme western part of Pennsylvania and adjacent 
parts of Ohio were submerged sooner than the Allegheny 
Front region, for in the western region the earliest. deposits of 
Pottsville age are the Sharon conglomerate member find the 
overlying Sharon coal and Sharon shale member, which are 
not represented in the Allegheny Front region. 

In the Allegheny Front region, including the Somerset and 
"\Yindber quadrangles, the earliest deposits of' Pottsville Ilge, 
marking the transgression of' the sea upon this region, consti
tute the Connoquenessing sandstolle member, which in the 
extreme western part of the State overlies the Sharon shale 
member. The almost pure qUArtzose sand, practically free 
from admixture with feldspar and other minerals, in contrast 
to the arkosic sandstones of earlier and later formations in this 
region, indicates that the deposits were sorted and \ve11 washed 
before sedimentat.ion, amI the presence of quartz pebhles scat
tered t.hroughout the Connoquenessing sflndFltone implies local 
relati vely strong currents. 

After the deposition of more than 100 feet of these sands, 
eonditions changed to those favorable to the accumulation of 
mud and heds of peat off the shore of a low-lying- land area 
and in coastal swamps, , .... here A luxuriant yegetation t.hrived 
and peat bogs formed. Thus the Mercer shale member was 
deposited, the area. of deposition '''flS further submerged, Hnd 
possibly the adjacent shore was uplifted. Conditions like 
those ill Connoquenessing time then returned, [Illd a. well
\vashed qnartzose sa.nd, the Homewood sHnd."!tone member, \vas 
deposited. 

During Allegheny time alternating heds of day, sand, 
calcareous mud, and peat were laid down. The mOf!t charac
teristie and notable deposit was peat, from which were formed 
the beds of coal that a.re now extensively mined. General slow 
subsidence of the Appalaehian trough continued during Alle
gheny tIlne, varied by local uplifts and periods of rclatiye 
]'('pose, \Ovhen peat deposits were formed in vast coastal swamps. 

The widespread distribution of coal in the Allegheny for
matioll and the general correspondence in the sequence of 
deposits o\'er many thousand square miles indicate uniformly 
wrying conditione over an immense area. The climate 
thronghout the greater part of' Pennsylvanian time is indicated 
by the character of' the plant remains to have been humid, 
Wflrm, and equable and generally favorahle to the ,2,"l'owth of It 

lllXllriant vegetation, so that where the appropriate adjustment 
of land surface and water level fa\'ored the development of' 
swamps peat deposits were formed. Hueh conditions existed 
over wide areas at different periods during Allegheny time. 
Plants of different types flourished in these swamps, and their 
remains fell into the shaUow water, where they were preserved 
from subaerial decay. Subsidence progressed at a l'llte approxi
mately that at which the vegetal debris accumulated, until vast 
deposits resulted. The swamps from time to time expanded Ilnd 
contl'aeted in area, giving riee to widespread or smaller areas in 
which vegetal matter accumulated. During periods of tem
porary flooding thin layers of sand or clay, which form the 
partings found in coal beds, were washed in and laid down on 
the vegetal debris, and these relatiyely brief periods were fol
lowed by further accumulation of vegetal matter. This aCCllln
ulation differed in amount at. different places, so that t.he 
deposits are of irregular thickness. In some places the peat 
was eroded away before other deposits were laid down, and its 
place was taken by sand deposited by the streams that flowed 
over parts of the swamp; in other places the peat bogs were 
encroached on by sand bars or other accumulations of clastic 
material, which caused the barren areas in coal beds that are 
locally found in the mines. 

During the formation of the peat subsidence progreAsed at 
nn extremely slow rate, barely sufficient to keep pace "dth 
vegetal deposition, for the peat-making plants were not able to 
live in deep water. Therefore, when at intervals the basin 
subsided at a faster rate, vegetal accumulation stopped and was 
succeeded by the deposition of mud and sand. Recurrence of 
swamp conditions and renewed accumulation of peat followed 

t.he renewed filling of the basin, Hnd thus the (lltel'lwting heds 
of coal, shale, and sandstone t.hat constitute the Alle~lleny for
mfltion were formed. 4 

During Conemaugh time there was continued subsidence of 
the Appalachian trough and deposition of lentieulnr IJl,.,dH of 
clay, sandy tHud, sand, and peat. Beds of' fossiliferous lime
stone at severfll horizons in the lower half of the formfltioll 
mark incursions of the sea. Other beds of limestone, whieh 
bear brackish or fresh water faunas, indicate that the sea was 
cut off from certain areas from which tor a time terrestrial sedi
ments were excluded. There were also several periods dllriJl~ 

Conemaugh time ,vhen coastal swamps existed, in which peat 
aecumulated us in Allegheny time. One of the Ch~ll'Hctcrjsli(' 

features of the Conemaugh formation is the presence of red 
beds at several horizons. These deposits indicate the presencc 
of oxidizing and dehydrating conditions aR cont.rasted with the 
deoxidizing environment that characterized the aet:umnlatiolls 
of peat.. ' 

Only the lower part of the Monongahela formation, includ
ing the Pittsburgh coal a.nd flssociated beds, occupies a sllwll 
area in the Somerset quadrangle. The Dunkard group 
(Permian) is entirely absent. Both t.hesc divisions are \vell 
de\'eloped in other parts of western Pennsylvania, and presum
ably they once extended over the Homerset and 'Vindber quad
rangles, from which they have been removed by erosion. 

Monongahela time was marked by another great period of 
coal deposition, similar to that of the Allegheny. At the 
beginning of this period many thousa.nd square miles of the 
Appalachian region was oecupied by a vast swamp, in which 
the Pittsburgh coal accumulated. This bed is the most per
sistent as well as the most valuable coal bed in the hituminous 
region, and its grea.t regularity indicat.es that uniformity of 
conditions attended its deposition. The accumulation of the 
Pittsbll1'gh coal was followed hy the deposition of alte1'llflting 
layers of sa.ndstone, shale, limestone, and thinner cOltl beds that 
constitute the :Monongahela formation nlld t.he ovel'lying 
Dunkard group. 

POST-CA RBONn'EROU, DEFOlL\IATHlK 

vVith the dose of DUl1kard deposit.ion sedimentntion in the 
Appalachian trough came to an end, and a series of events of 
a totally different kind began. From Cambrian tiln(' inter
mittent subsidence of the region had been going on until tt'lIS 
of thousands of feet of sediments were deposited in the interior 
sea; bu t from the end of Carboniferons deposit.ion until the 
present time the reverse conditions of uplift and erosion have 
prevn.iled, and dry land has exist.ed in the greater part of t.hv 
Appalachian region. The period of uplift was hegun by nIl 

epoch of diastrophism, the Appalachian revolution. 
The crustal movements that characterized this event. were the 

re~mlt of compressive stresses that bent the st.1'Hta into great 
folds. The movement wa,'3 most severe along the east side of 
the Appalachian region, where the rocks ,,,ere intensely folded 
and faulted. 'Vest of this greatly disturhed zone the move
lllent was less severe and the folds are smaller. The bitumi
nous coal hasin seems to have aded as a buttress against w bich 
the rocks were thrust, but the coal basin also was thrown into 
low folds, which decrease in magnitude westward. These folds 
are exemplified by the anticlines and synclines of the Somerset 
and 'Vindber quadrangles. 

MESOZOIC AND CENOZOIC ERAS 

In western Pcnnsyhyania t.here is no sedimentary record of 
the long interval between the Carboniferous nnd Quaternary 
periods. If any sediments were deposited in this area durillg 
the Triassic, Jurassic, Cretaceous, 01' Tertiary periods they haye 
been removed by erosion. The history of Cenozoic time is indi
cated by records of' erosion that a·re preserved in the surface 
features. 

Study of the surface features in different parts of the Appa
lachian region has resulted in the recognition of' a number of 
uplifts and intervening periods of quieseence, during which 
much of the region was eroded nearly to plains. At least two 
penepla.ins have been recognized, but studies have not gone far 
enough to establish correlations throughout the region. 

In the Somerset and ,"Vindber quadrangles the oldest topo
graphic record is marked by the summits of Allegheny }loun
tain and Laurel Hill, the concordant altitudes of which suggest 
that they represent a peneplain. This old surface WflS subse
quently uplifted,· but as the Somerset and 'Vindher quadrangles 
lie in the interior of the Appalachiall region, on the divide 
between the Atlantic and Gulf dra.inage systems, their surface 
was not reduced to base-level in the same degree as the marginal 
areas of the region. However, in the area here considered there 
wa.s at least one stage of partial peneplanation below the level 
of the tops of the highest ridges. The undulating hilly portions 

4 White, DM'in, and ThitJ~sen, Reinhardt., The origin of ('on.1; U. 1:'. flul·. 
Mines Bull. 3~, HUB. 



of hot.h (l'l<ldmllgh~H contain several flab'! that haye altitudes of 
about ~,OOO f('et, IlIld a nutllbf'l' of' hilltops rist' between 200 
llwl 400 feet higher. 

The divide between the l\lonollgahela and Allegheny druln
llge imsills in the Routhern part of the Somerset quadmngle is 
incOlwpi('uous for a divide separating the headwaters of streams 
RO large. It is markpd by a curved line of hills, which for t.he 
most part rise to an altit.ude of about 2,800 feet, and some 
uncommon drainage features Hre associated ,vith the general 
level of the clivide. Laurel Hill Creek rises on the southern 
bOl'der of the quadrangle and flows northeastward toward the 
l\l'onong'll.hela-Allegheny divide for a distance of a.bout 4 miles, 
turns northweRtward and flows in a gorge for about a mile, and 
then tUl'flS abruptly and Hows southwestward along the base of 
Laurel Hill paralJel to its original course but in a direction 
opposite to that cOUl'l'e Hnd less than 2 miles from it. Beyond 
dlC quadnmgle Laurel Hill Creek continues its sOllthwesbvard 
course and joins YOllg-hiog-heny 11,i"er at Confluence. The 
nnonwlolls rourse of the upper part of the ereek mny haw~ 
originated on thA old surface mentioned ahove. 

No lower peneplains haye been recognized in this men, 
althollgh there is evidence of local base-leveling. 

Pnrts of the valleys of some of the streams in both qUl\d
rangles are so poorly dl'a,ined <IS to be more 01' less swampy, as, 
for instance, the vlllley of Roaring Hun above Pilltown, north 
of l~oswell. A ppllrently these a.reHS are local base-leveled 
phdns caused by retardation of stream cutting by beds of hn,l'fl 
sandstone at. the outer margins of the swampy tracts. 

MINERAL RESOURCES 
The mineral resources of the Homerset and 'Windber qllud

r~H1g1es include toal, natural gas, clay, sandstone, limer;tone, 
soils, Ilnd \vater. 

COAT, 

COllI is the most valuable lllineralresoul'Ce of the qnadrangles. 
Extensh'e deposits of low-volatile, so-ealled smokeless (semi
hituminous) COllI underlie most of the area of both quadrangles 
lind conii\titnte part of the largest reserve of high-rank bitumi
nOUR coal in Pennsylvania. This area ,vas comparatively late 
in lwing opened, but after the construetion of railroad outlets, 
exploitation was rapid, and at the time of the beginning of the 
World \Var intensive development of the coal was well under 
way. In HH7 the output of the COllI mines in the Somerset 
and 'Yindher quadrangles, according to figures compiled by the 
Rtate Department of Mines, amounted to 7,122,298 net tons, 
which was equivalent to 4.1 per cent of the total production of 
bituminous coal in Pennsylvania for that year. Ten years 
later, when the production of the State had considerably 
fleereased, the output of the mines of these quadrangles in~reased 
to 8,tnS,128 net tons, equivalent to G.G per cent of' the Htate'l:l 
total bituminous production. 

Because of the location of the quadrangles adjacent to tlle 
A ppalachian V HIley and Ridge province, in Ii region of pro
nounced folding, the coal-bearing rocks have been removed by 
erosion in parts of the area, along anticlinal folds and where 
creek;;; have cut deep valleys. The main barren zone'), which 
are not underlain by coal, are along the Allegheny Front an(l 
011 Laurel Hill. 

l'roCRE r;,--f"kotch map of the 8oInPl'set und \YindheJ' quadrltngJl'~ show· 
ing: by di:lIJ:Olla1 ruling Ul'ell~ in whkh therp an' workalJlo coal beG~ 

The coal-bearing areas of these quadrangles [Ire con veniently 
Auhdivided into the several syne1iual folds or basins named 
from east to west the Berlin, 'Vilmore, Somerset, .Johnstown. 
and Ligonier I~asins. (See fig. ri.) In these basins the coal 
beds erop ont along the upper flanks and dip to\vard the axes of' 
folding, along which they are nnder a considerahle covel' of 
rocks, 

The stnwtme of the basins, the loration of' their axes, the 
outcrops of t.he 1110re valuable cOfll beds, and the depth of these 
heds beneath the surface are shown on the structure and 
economic-geology maps. The stratigraphic occurrence of the 
eoal beds and the intervals between them Ul'e outlined in the 
d(':-wl·iption of t.hl' forlllation,; and 111'e illustrated ill the ('OIUUlllHl' 

seetion and tIl: plotted records of diamond (1rillill~ Ilr the 01Hl 
of the text. 

In general the COllI is irregular in its oceurren('c. The hros 
thicken and thin aud locally disappear. In some Iln'ns the 
Lower Kittanning is the most valuable bed; in others the 
Upper Kittanning and in still others the Upper Freeport is the 
most yaluahle. In this areH a common practice i'3 to prosped 
hy core drilling in a(hanre of development, which reHnlts in 
mining out first the most valuable cOfll, leayill~ the less desir
able for the future. 

The coal beds occur in the PottsvillE', Allegheny, Cone
maugh, and Monongahela formations, but the most vuhwble 
are members of tbe Allegheny formation, 01' "Lower Productive 
Coal Measures," 
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Faults, 01' dislocations of the rocks, in the area under con
sideration have not been observed, although at certain localities 
contiguous to the Allegheny Front, notably in the Houtzdale 
quadrangle, in cent.ral Pennsylvania, such displncements flre 
common." But whflt the miners call Hfaults" are frequently 
encountered in the mines of the Somerset and 'Vindber qUf,d
rangles. These H faults" are barren areas in coal beds, where 
there is no coal, the plflce the ('oal normally would fill heing 
occupied by noncarbonaceons (Ieposits. For instance, in min
ing the Upper Kittanning coal this bed has been found to 
disappear and its place to be taken by sandstone. The local 
ahsence of this ('oal bed from an area of seYeral square miles 
has fwen fonnd by drilling. Although the coal is absent the 
underlying Johnstown limestone occurs beneath the barren 
area,. The absence of coal in snch places is due either to non
deposition 01' to erosion before eoverillg by shales 01' other 
ii\ediments. Knowledge of occurrences of this kind in a number 
of drill holes was obtained confidentially, and details may not 
b(' published, but it should be stated that certain parts of the 
('mil fielll in these quadrangles an' valueless on this aeeount. 

I n the area under consideration fl few drill holes record the 
presence of' thin beds of coal in the Mercer member of the Potts
ville forlllation, but in these quadmngles, so fBl' lIfi known, the 
formation does not ('ontain beds of coal workable lInder presf'nt. 
conditions. 

lAwifl'lluliun of beds.-The Allegheny fonmltiOIl coutains 
some of the most valuable coal beds of the Appfllachilln n'gion, 
and in the area considered in this folio these beds cOll8titnte the 
main coal reserve. The chief Allegheny coal'beds have long 
been known by eertaill name" or letters, whirh haye hrut wide
spread llpplication in western Pennsylvania and adjacent Htates. 
These beds from the hottom np are the ]hookville (A), Clarion 
(A'), Lower KitlHl11ling (B), .Middle Kittanning (C), rpper 
Kitbmning ((;1), Lower Freeport (D), and Upper Freeport (E) 
to,ds. Use of these names, unless qualified, implies widespread 
continuity of the beds, but as detailed stratigraphic work JHlS 

progressed and as diamond-drill records have accumulated it 
has become evident that the Allegheny coals were not deposited 
u.s continuous beds throughout the extent of the formation. 
Although some beds ure more persistent than others, they ure 
nIl more or less lenticular and interfinger with IHyers of sHnd
stone and shale. It is douhtful that the bed called Upper 
Kittanning, for instance, in widely separated areas in \vestern 
Pennsylvania is actually one nnd the same stratum of' coal. 
Xevertheless the principal beds of the Allegheny formation, 
when consiflered as a whole, correspond in sequenee and gen
eral ."tratigraphic position, and ·when properly qualified til{' 
\ong-esta blished names serye a useful purpose. 

In this folio these long-established names of the Allegheny 
coals are used to indicate only the sequen(,E' of the beds and 
their approximnte stratigraphic position and do not imply pl'e
cise correlation with beds of coal in the t.ype localities, from 
which the names are derived. In somp areas certain beds are 
clearly persistent over many f:;quare miles. J'or example, the 
bed of coal that almost immediately overlies the .Tohustown 
linl{:'f3tone, \vhich has been exploited at a number of' plAces Hnd 
found in lllnny drill holes in both the Somerset and 'Yindber 
gU1ulmngles u"ndoubtedly extends over a few hUl1llred square 
mih's. 80, too, the coal bed approximately 100 feet ahoye the 
.Johnstown limestone, the Upper Freeport, likewise has fI wide
spread distribution and the same is true of the Lower Kittan
ning coal, \·yhich lies about ~)O feet beneath the Johnstown 
linwstone. Besides their stratigraphic position each of thc~e 
beds has ce1'tl1in phy:sieal properties which persist rather widely 
and which teud to confirm its identity in different parts of tIl(' 
quaflrangle. But hoth drill holes and mining operations shO\'I{ 
the absence of these beds in certain places, which proves that 
they m'e not ahsolutely persistent, even in the relatively small 
nrca ineluded in these two quadrangles. The columnar sections 

,; Aljhley, G. H" atlll Campbell, .:\1, R, Heoiog'ic structure (1f the Punx~\l-
tawney, CUl'wensville, Houtzdale, IUld Pn.ttUH quadranglE'S, 
eentml PPlinsylv:mia: !I, H. (-IN'], ~1(1'YPy Hull j)p. R\!-li'4, HI1l!, 

of (liamond-drill holes on the hack of tbe eolumnar-section 
sheet show clearly the variability of the coal beds in this area. 

Brookville or A coal.-The Brookville or A coal occurs 
interhedded \vith shale at the base of the Allegheny formation 
and is underlain by the Homewood simdstone member of the 
.Pottsville formation. The line of division between the Potts
ville and Allegheny in places in western Pennsylvania is not 
satisfhctorily determined and must be finally drawn by aid of 
a regional study of' paleobotany. Meanwhile, for the Somerset 
nnd "\Vindber quadrangles, the coal lying between 175 and 200 
feet below the ,Johnstown limestone is provisionally assumed 
to correspond to the Brookville. In this area the Brookville 
coal is banded with a number of shale partings and in general 
is of little present value. (See fig. 7.) It erops out along the 
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l<'IG-"(;HE 7.-Sections of Brookville conI in Berlin and 'Vihuore Bnsius, 
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western base of Allegheny Mountain, along both flanks of 
Laurel Hill, and in parts of the valleys of Stony, Shnde, 
Paint, and (-luemahoning Creeks, 'where the streams have eut 
deep enough to reach its horizon. In the greater part of all 
the basins this coal is deeply buried by overlying strata. 

The Brookville bed is mined in the valley of Paint Creek 
helO\v Scalp Level, in the Phillips (18)6 and Paint Creek (19) 
milles and at the Hitechew country bank 2~ miles southeast of 
Cairnbrook. 

Clarion or A' coal.-The Clarion or A' coal generally is not 
of workable thickness in this area. The records of several 
diamond-drill holes show only a few inches of' coal occurring 
irregularly between the Brookville and Lower Kittnnning beds, 
but in places a bed of coal in this zone is morc than 2 feet 
thick, as at the clay pit south of "\Vindber, where the underclay 
is quarried. There the Clarion coal is, where locally mineu, 
~ feet G inches thick. 

Lower Kittanning or B coal.-The Lower Kittanning or B 
coal throughout western Pennsylvania is one of the most valu
ahle coal beds of the Allegheny formation. 80 far as known 
it is persistent in the area here considered, although its thick
ness is variahle. In this area the Lower Kittanning coal lies 
between 76 and 11[; feet belo,,, the top of' the Johnsto\vn lime
stone, a common distance bf'ing abollt 1)0 feet. 

In the 'Vilmore Basin thc Lower Kittanning coal crops out 
on the flanks of Allegheny Mountnin and in several areas 
isolated by erosion. Some of the largest mines and the most 
extensive operations of the entire area considered ill this folio 
are located in the vicinity of \Vindbcl', where the Berwind
'Yhite Coal ,Mining Co. works the follO\'dng mines: Eureka 
Nos, 42 (No,1 on the map), 41 (6), 30-B (7), :35-]) (13), :;0 
(17),31 (15), 32 (12),33 (10), and 34 (11), In additio" to 
these mines there are a numher of others on this bed as shown 
on the map. 

The extension of t.he \Vindber branch of the Pennsylvania 
Railroad to Cairnbrook, Central City, and southward. in the 
Berlin Basin, has made available a fine hodv of the Lower 
Kittanning coal, which is mined by the LO;'31 Hanna Coal 
& Coke Co. at Loyal Hanna ~o. 6 (86), by the Reitz Coal Co. 
at Reitz Nos. 2, :~-H, and 4 (li8, 94, 92), ~md others. This 
roal bed. crops out in several isolated areas on ea"tern flank 
and underlies the main part of the basin at moderate depths. 

In the northern part of the Somerset. Rasin tile l .. ower Kit
tanning (~oal is also well developed. It. is exposed in the 
yalley of Stony Creek and its branches and is operated at the 
Eureka Nos. 38-B and 39-B (30 and 28) Thermal No.9 
(27), ~Iaple Ridge No, :l (HI), Haws No, 3 (34), Consolidation 
No. 116 (40), Knickerbocker Nos. 1,2,3,.5, and 6 (51, 4D, 47, 
41, and 42), Elma Kos. 1 and 2 (52 and ;)3), Ralphtol1 Kos . .s, 
fl, and 15 «'>8 and 56), flnd other mines. III the southern pnrt 
of the Somerset Basin, in the Somerset quadrangle, the Lower 
Kittanning coal does not crop ont, and drill records indicate 
that the bed is less valuable than others in the upper part of 
the Allegheny formation. 

In the J ohnstowll Basin, throughout most of the area here 
considered, the Lower Kittanning coal is apparently of second
Hry value and at the time of' Snl'\1ey was not worked at any 

":Numbers gh'en in parentheses after naUles of coal Inines are the HUIU-
l,el's by which the !Uines ai'e on the e(',ouomic-gcology maps, 
During the lonlo:' interval between field work on which this folio is 
based and the time of publkation thore have bf'en changes in names of 
mines a,nd considerable lWW de"plopment,. In 1928 J, D. ~jsler. of the 
Topographic and Geologie ~lIrvey of Pelln8yh-allia, kindly assisted in ~uJl' 
plying locatiol)s of COld \Uilw~ that, have been opelled ~irH'e t,he work wa~ 
tiuishad, 



shipping millc. In most of thc basin tbis coal is (leeply 
covered j in places the overburden amounts to more than 1,000 
feet. On the east side of the basin the bed crops out in a few 
isolated localities, and on the west it crops out continuously 
along the flanks of Laurel Hill, where, however, on account of 
the steep slopes and thick cover of vegetation its position is 
concealed and it is difficult to prospect. Drill-hole records 
show this bed to be extremely variable in thickness in the 
Johnstown Basin, and commonly it is interbedded with a 
number of shale partings. 

In that part of the Ligonier Basin situated in the Somerset 
qnadrangle the Lower Kittanning coal crops out chiefly along 
the steep wooded flanks of Laurel Hill. The bed has been 
prospected at several places, and ~ountry banks have been 
opened in some of the valleys that are relatively easy of access. 
For considerable distances the position of the outcrop 1S not 
known and its location shown on the map is only an approxi
mation. In the centl'Sl part of the Ligonier Basin this coal 
bed is deeply covered and has not been tested by the drill. 

Measurements of the Lower Kittanning coal bed made in 
mines in the several basins are shown in fignre 8. 

Middle Kittanning or (J coal.-The Middle Kittanning or C 
coal is not known to be of commercial valnc in the Some1'get 
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In the .Johnstown Basin 1l1so thf' Uppt~r Kittanning eoal is 
extensively mined. The position of the coal is well known 
throughout a considerable part of the basin as a result of drill
ing, but along the western flanks, on the wooded foothills of 
Laurel Hill, the outcrop bas been prospected in only a few 
places, and for mnny miles the position of the bed "is not 
known. The principal mines on this coal in the .Tohnstown 
Basin are the Jerome Nos. 1 and 2 (36), the Orenda Nos. 2 
and 3 (15 and 4), the Consolidation Nos. 118 and 119 (18) 
and 125 (12), Forge No.6 (8), and Belmont Nos. 2 and 4 (22 
and 21). Except the Jerome mines, which are operated 
through shafts, these are drift mines situated on the eastern 
01' western limb of the Johnstown syncline. At the Orenda 
mine No. 2 the workings extend down the eastern limb a 
distance of about H,OOO feet to the axis of the syncline, where 
the coal is nnder a cover of more than 900 feet, and the work
ings of the mine also extend across the axis and up the 
western limb to the outcrop of' the coal in Orenda mine No.3. 

A number of mine measurements of the Upper Kittanning 
coal bed in the several basins are shown in figure n. 

Lower Freeport or D coal.-The Lower Freeport or D coal 
is of variable occulTence in this area; in some places it is of 
workable tIlickness, and elsewhere it is either absent or worth-

FIGURE 8.~RectiOlls of Lower Kittunning coal in Berlin, Wlhllortl, Somerset, and Ligonier Busins, 
1, Hhlldl' ON",k No, 1; 2, 3, J""yn.llmunnNu,ti; 4,Eg()lf; Ii, Rl'itKNo,S; G, J.ong; '7,H.'lm'.m<!-y<!-.J;"; Y,R.u.relmNo.llil; 10, 11,EJllrek4No.:J4; 12, 19,EumkRNo.38; 

]4., 111, l1:1I1'e1l:a No. 1IC1; 111, :J!llll't'kfI No.MB; 1'7, ThermRl B; 1H, C""~olldRti(),, No. lUi; 19. 01<1 Colony; 00, QI, Knlokerboek<!-rNo. 8; 00, Kntok<!-rbocker No.-i; 
liIl, *u"dul'dQ"('",nJ.w,,lng No.1; 24, ThomRs; 2,~ EI.ema,,; ~\, J[nl\; 27, Allt'n; sa, Snlt?JUIUI; :10. Aiken; &I, MilleI'; 81, Brlck"l'. 

and Windber quadrnngles. In some of the drill holes a few 
in('hes of coal is present at one or two horizons between the 
Lower and Upper Kittanning beds. 

Upper Kittanning or C' coal.-The bed 10('a11y known os the 
Upper Kittanning or C' cORl is one of the most valuable nnd 
persistent beds in this area. It is mined at n few places in the 
Berlin and Wilmore Basins and attains its chief development 
in the Johnstown and Somerset Rasins, where it is extensively 
mined. The position of this bed is marked by the Johnstown 
limestone, by which it is almost immediately underlain. 

Tn the Wilmore Basin the Upper Kittanning coal crops out 
on the hillsides north and south of Paint Creek, about 90 feet 
above the Lower Kittanning bed and has been mined in only 
a few places. Among the mines on this bed are the Eureka 
Nos. :J5-C and 3f ... C (14 and 8), and the Reitz No.5 (20). 

In the Berlin Basin only a few shipping mines have yet 
been opened on the Upper Kittanning coal, among which are 
Arrow No.6 (84), Loyal Hanna No.7 (87), and Reitz No.7 
(~5). 

less. It occurs between 313 and GO feet above the Johnstown 
limestone. So far as known the best development of the 
Lower Freeport coal is in the southwestern part of the Wind~ 
her quadrangle, in the Herlin and Somerset Basins. Formerly 
the bed was mined at Reading mine No.2 (G7), at Kimmelton. 
A mine, Stauffer No.3 (77). has been opened on this coal 
three-qnarters of a mile southeast of Wells Creek, and the 
Madeira Hill Smithing Coal Co. has opened a mine on the 
Lower Freeport coal at Friedens (71). This coal is also 
worked at the AdftmEi No.2 mine (76) and at 0 number of 
country banks. 

In the Wilmore Basin, within the area described, the Lower 
Freeport coal is not mined. Drill records, however, show that 
the bed is nsually present, but it appears to be generally thin 
and dirty, although one record, the location of which can not 
be gi ven, shows a thickness of 3 feet 7 inches of coal. Like
wise in the .Tohnstown Basin the bed is not mined. Three 
drill records show that the bed ranges in thickness from G 
i nehes to 1 foot 4 inches. 

tIlat. were examined show that the hed here is poorly developed. 
Likewise in the Berlin Basin, in the area examined, little is 
known of the Upper Freeport coal, and in place.s it appears 
to be absent. A few country banks have been opened on this 
bed, however, in the Berlin Basin. 

Berlin 
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In the Somerset Basin the Upper Freeport coal crops out in 
the valleys of Coxes, Wells, Stony, and Quemahoning Creeks 
and their tributaries, also on several isolated hills on the east
ern flank of the syncline, and underlies a considerable part 
of the central area. 'fhe Upper Freeport coal is mined at 
the Neva (45), Stauffer No.1 (47), Ralphton No. 7 (35), 
and Reading No.4 (63) mines and at a number of country 
banks. 

In the Johnstown Basin the Upper Freeport coal crops out 
in the valley of Quemahoning Creek for a few miles north and 
south of Boswell, along the base of Laurel Hill, and in a small 
area in the valley of the South Fork of Bens Creek, and it 
underlies a large part of the syncline, in the central part of 
which it occurs under a considerable cover of rocks. The 
Upper Freeport coal is mined by the Quemahoning Coal Co. 
by a shaft at a depth of 273 feet at Husband, Ralphton No. n 
(40), and in 1913 the Consolidation Coal Co. began the con
struction of a camp 2 miles northwest of Acosta No. 128 (13), 
where the Upper Freeport coal is mined by a shaft 800 feet 
deep, favorably located for economical haulage and drainage on 
the axis of the Johnstown syncline. This bed is also mined 
in connection with the Upper Kittanning coal by the Consoli
dation eoal Co. at Consolidation mines Nos. 118 and 119 (18). 
The Upper :Freeport coal has been prospected in a number of 
places, and country banks have been opened where shown on 
the map. 

The extension of the Baltimore & Ohio Thtilroad np the 
north branch of Quemahoning Creek has resulted in the devel
opment on the Upper Freeport coal of the Ralphton No. 14 
(6), Forge Nos. 4 and 5 (7 and 9), Consolidation Nos. 126 
and 127 (11 and 10), Berkey (13), and Antoinette (14). The 
cool field south of these mines has not been sufficiently tested 
by drilling to establish correlations, and the identification of 
the coal beds on the southeastern flank of Laurel Hill, HS 

shown on the map, is tentative. 
In that part of Ligonier Basin which is included in the 

Somerset quadrangle there are no miues that have railroad 
connections. The valuable Pittsburgh coal bed has been 
extensively mined west of Ligonier, and the nnderlying Alle
gheny coals have heen comparatively neglected. Country 
banks have been opened at several places, as shown on the map, 
but the coal has not yet been tested by core drilling. 

The Upper Freeport coal has been prospected at a number 
of places. It passes beneath Laurel Run near its junction with 
Loyalhanna Creek 2 miles southeast of' Ligonier, at an altitude 
of about 1,200 feflt, and southeastward the bed rises to an alti. 
tude of more than 1,900 feet on the Mill Creek divide. South. 
west of Laurel Run the coal crops out at lower altitudes and 
passes under Loyalhanna Creek southwest of Rector post office. 
Isolated outliers of the Upper Freeport coal underlie tIle hills 
south of I .. aughlil1town. There are no shipping mines on any 
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of the Allegheny coals in this part of 
the basin, but country banks have been 
opened at several places, as shown 011 
the map. The area hus: not been ad
equately tested by drilling. 

Measurements of the Upper Free
port coal bed made in a number of 
mines in the several basins are shown 
in figure 11. 

CONEMAUGH COALB 

FIGURE D,-Rections of Upper Kittanning coal in the various bo.sins. The Conemaugh formation has becn 
called the II Lower Barren Measures" 1, WRKOH; 2, Wlllker; lI,R<-luNo.!l; 4, EUI·elmN".~r,; r" Com."Utill.U<llINo,llfi; 0; AdllIUKNn. 1; 7, ReadlngNo.S; S, llllll<!-r; 9,Relwl.n.gerj 10,StandardQuema.lumlngNo, 2; 11,'l'hermnJ.; 12, EllrekR No. SII; 19 a.nd 14, OrelldaNo.~; 

10, ComlOlI<lRtl"n No. 11~; lU, Cn""olt<1lLtlon No. l1Y; 17, Belmont Nos, 4 and I); 18, Belmont NOlI. II anti B; 19, llO, 21, II.ml22, Jel'(,me. 

on account of the relatively poor de
velopment of coal in it. In Somerset County, however, the 
Conemaugh contains several beds of coal, and in the southern 
part of the county and also in Maryland the formation COI1~ 
tains beds of workable thickness extending over considerable 
areas. Although several beds of coal occur in this formation, 
in the Somerset and Windber qnadmnglC's, so far as known, 
they are poorly developed. 

In the Somerset Basin, particularly in the southern part, the 
Upper Kittanning apparently is the plincipal coal bed. It 
crops out along Wells, Stony, and Quemahoning Creeks and 
their tributaries and underlies a large area in the central part 
of' the basin. The mines that are located on the Upper Kit
tanning coal in the Somerset Basin include the Consolidation 
No. 115 (48), Stauffer No.2 (74), Adorns No.1 (75), Reading 
No.1 (68), Reading No. a ((l2), Randolph (45), Standard 
Quemahoning No.2 (43), Haws Nos. 1 and 2 (35 and 33), 
Maple Ridge No.2 (32), and Eureka No. 39--C (29). 

Sections of the Lower Freeport coal are shown in figure 10. 
Upper .Freeport 01' E coaZ.-The Upper Freeport or E coal, 

like all the other beds of this region, is of variable occurrence. 
In some places it is commercially mined, and in other places it 
is absent. It lies between 90 and 120 feet above the Johns~ 
town limestone, and in many places the interval is almost 
exactly 100 feet. In parts of this area the Upper Freeport is 
the most valuable of all the coal beds. 

In the Wilmore Basin, within the area under consideration, 
the Upper Freeport coal is not mined, and the drill records 

Brush Creek coal.-Ooal in tile approximate position of the 
Brush Creek bed, between 90 and 120 feet above the Upper 
Freeport coo], has been encountered in severol drill holes in 



the ,Johnstowll Hnsill, hut in most pIIH'('s it is not of' workflhlc> 
thickness. rll tIle valley of Lame! Hill Creek, ill t.he south
western part of t.he BOl;wrset. qlladrangl(~, a bed of eoal at or 
ncar the Brnsh Creek hOl'izOll has been opt' ned at several 
conn1ry banks. The \Veyand country hank, half a mile south 
of Bakersville, find other openings on the ridge CHst of T ,an reI 
Hill Creek are probably on the Brush Creek hed. 

11 

method (umliysis A-[)6829) the volatile matter "118 reeeivetl" 
waf' 1(;.i pel'eenL 

Thf' analyses show that the coal of theHe qWHlranglf'H is a 
low-volat.ilc (semi bituminous), so-cflllcd "smokeless" ('oaL Its 
fud ratio, the quotient of the percentage of fixed carbon divided 
by that of volatile mattpr, ranges from R.O to 6J). However, 
it should he borne in mind that analyses by the new method, 

FraURR ll.-I:'('dj()n~ of I; pper Vl'L'opurt (~on.l in tlw Vari()ll~ I"t~ins. 
(l. M,,"t.n]h'l·; 7. lt~"<l](l~ No, {; A. n"ll'hl'''t( ~o. C; O. H~l');"Y; 10. FI'itz; 11. p"," ; 12, Th"rn"" lit ]OWIl,"·; 1~, RolM: lr., Dy,·,·; 

lll.lJlIl'Hc·tt-; 17, I',on,.),,,; lH, Cl'\l'k 

Bah'1'stown coal.-The Bakerstown coal is not mined in tllf'se 
(llmdrangles, although the records of 80me drill holes show 
H few illcheR of coal bet.wt'en :2:-;0 awl :2(;0 feet abow! t.he t: ppcr 
Freeport bed between the Buffalo and Saltsburg sandstones. 
Coal ill this zonc WflS formerly opene{l Hear the top of the hill 
immediatelv south of Beaverdam Creek, close to the horder of 
the two q~adrangles, hut the t.hicknesB of' tllp bed is not 
lmo'wn. 

Harlnn coal,-The Harlem coal, which occurl:l immediately 
helow the Ames limestone, \'\'118 identified at the outcrop ill 
only one locality-in the cut of the Pittsburgh, 'Vestmoreland 
& tloml'rset Railroad t.hree-fjl13rters of a mile northwest of 
,\11envale, where n hed of coal] 2 inches thick lies uuder a 
fOfolsiliferolls ctdcareous Rhale. At other places where the Ames 
was found, notably in Ligonier Basin, the Harlem COllI \VllR not 
ohRerved. It is, hmvover, reported in a number of rpeords of 
diamond-drill holes, 

Ollie!' coal,s.-Other thin hp(ls of ('oal in the Conemaugh 
formation are shown in the record of tho diamond-drill holeR 
on page ri. In genera.l they havfl not been prospeeted in theRe 
quadrangles and nre known ('hif'tly from (lrillreeonls. 

PiIM)'II'/~qh ('oal.-The Pittsblll'gh coal, by fill' the most valu
ahle hed in western Pennsylvania, is of little economic impor
tance ill the area nndor consideration beC')1usc of its amall extent 
and it.s thin eaveI'. The bed crops out 011 hilltops on each side 
of Roaring Run, hetween :llln(1 :3 miles northwest of Boswell, 
in t.he {'enter of the ,Johnstown syncline. There the conI lins 
been mined in sillall country banks for mallY years, hut the 
tonnage was too Rllmll to jm,ti(y railroad ('om:trllction and the 
deyelopmellt of shipping mint's. 

The eoa.l of the Somerset and 'Vindber quadrHngles is clHWH'
teristieally friable. In the vicinity of 'Vindber in partieular 
the coal is extremely soft, and readily breaks into small prisms 
along joints that ha.ve been developed HS It result of the pl'essnre 
to which the rocks have been subjected. 

Analyses of coal from the Somerset and \Yiu{iber quad
rangles arc given in the ac·colllpa.nying table. Mine,samples of 
the Upper Freeport and Lower Freeport. beds ,yere collee1ed ill 
the SOlHerset Basin and of' t.he IJ pper Freeport coal in the 
Ligonier Basin, of' the Upper Kittanning bed in the ~omerset 
and Johnst.own Basins, and of the Lower Kittanning bed in 
t.he Berlin, \Villllore, and Somerset Basins. Tllf' samples were 
collected either by the Geologielll Survey 01' by the J~ureall 
of 1\Iines, and both the sampling and the analysis were per
formed ullder "tandard cOllditions. 7 

A proximate analysis WHS made of eaeh sample all(l nltillwtc 
ana.iyses of mOflt of them, and the results are expressed ill t.hree 
forms. Form A. shows the ('omposition of the sample HR 
rp('eiYed at the laboratory Hnd representR the condition of the 
coal in the mine at the time of sampling. Form U SllOWS the 
composition of the coal dried at a temperatll1'e of 10;:;° C. 
Form D shows the composition of the coal calculated ItS 

theoretically free from moisture and ash. All the samples 
except.ing flye-Nos. liG90, 1769:J, li901, 19tj50, and 
/\-fi6829-were analyzed before the Bureau of Mines had 
changed its method of determining volatile matter from heat
ing t.he sample over it gas flame to heating it in an electric 
furmlCe.~ Reslllts of the two methods are not strictly com
parable. Tho nc\y method tends t.o show a greater perecntage 
of volatile matter, and this fibct should be borne in mind in 
Hsing the analyses. In these quadrangles samples from only 
one mine (.Jerome )fo. 2) have been analyzed by both methods, 
By the old met.hod (analysis No. 122~24) the volatile matter on 
the sample ":IS received" was ]{).2 pel' cent, and by the new 

Lord. N. \V., and others, Anaiyso8 of COlli~ in t.ho lniteu t-ltates: Ll. N 
Bar. Mines Bull. 22, 1(}13. 

'Fieldner. A. C., and Analy8es of lUille and CO)'O ~n.lllplos of (JOlti: 
r. i:\. Bur. }fiH<'S BnlL 85. pp. 1!l14 

which increases the percentage of voh\.tile matter as ('ompared 
with analyses by the old method, may l'P(htc(' the maximum 
thel ratio t.o an amount leRs than G. 

On the basis "as received" the analyses show the fonowill~ 
ranges in percentRge: Volatile matter from 12.0 to 21.4; fixed 
carbon from 134.4 t.o in.O; moisture from 0.9 to 4.6; HRh fi'om 
4.7 to ]0.0; and sulphur from 0.6 to 2..-). The analyst'S of the 
moisture-frec nnd ash-free samples show a range in volatile 
matter from 1:U'; to 25.0 per ceut Hnd a corre8ponding range 
in fixed carbon from 86.5 to i5.0 per cent. 

The rank of the coal in these quadrangles is in flccord with 
their lo('ation near the eastern margin of the bituminous Held, 
eontigllous to the Allegheny Front, where the coal is character
istically low in volatile matter. (See fig. 12.) The decrf'ase 

],'IGUIU; li.-iIIap of the ~lJ()Wjllg di~t,t'iI)\lTi(l1i or 

in volatile matter in the coal from west to eaRt in general varies 
with the westward decrease in the intensity of the forces that 
Ilro{luce(l tIle post-Paleozoic diastrophism ill the ,\ ppalachi:lll 
region. ~I 

A!ljaeent to the Allegheny Front, however, there Hre loeal 
vuriat.iolls in the degree of' devolatilizt-ltion of the coals. In the 
vicinity of \Vindber, for insta.nce, the coal is less volatile than 
in flrens along the strike of the rocks to the northeast and 
sOIlt.hwest. The cauw' of this difference is not dear, but it is 
of possible significflnee that the 'Vindber area is in a zone in 
which the rocks are relatively less folded thall ill the area 
immediately north and south. North of \Vindbcr, between the 
Allegheny Front and the Johnstown syncline (see fig. Ii), two 
folds are develope(l-the \Vilmore syncline and the Viaduct 
anticline. Routh of 'Windber, in the same intenal, there flrc 
four folds-the Berlin synt'iine, the Negro Mountain antidine, 
the Somerset syncline, and the Boswell dome. In t.he Wiudber 
district, however, there is a con tin no us monocline between the 
Allegheny Front and the ,Johnstown syncline. This difference 
in the degree of folding suggests that in the 'Vindber district 
the pressure which was not relieved by folding the rocks was 
exerted in metamorphosing the eoal to a great.er degree than in 
adjacent areas. 

The low volatile coals of the Somerset and \Vindbcr quad
rangles are comparable with other high-rank coals of the Appa
lachian bituminous region, snch as the best product of Clearfield 
and Cambria Counties, Pa., of the Georges Creek Basin, Md., 
and of the New HiveI' alld Pocahontas fields oC\Vest Virginia. 
COIIl ii'om the Windber distriet l'flnks as the best semibitu
minons coal in Pennsyhania. 

David. 1'1'ugl'es~ive carbonlzat.ioll uf (~oal~ Alii. III~t.. 
Mill. a,Il(1 En;..::. 'l'l'an~ .• vol. ['1'. ~.);j-:Uq, 1!l:;!,\ 

The coal from the Somerset lintI \Villdher quadnmgles is 
used mainly in generating steam by railroad locomotives, 
Rtearnships, and manufacturing establishmeuts, and it has an 
excellent reputation. The Lower Freeport coal milled in the 
vicinity of Friedens is highly reWll'ded as a smithing coal. 
~fuch of the coal from the Somerset quadrangle and the western 
part of t.he ,Vindber quadrangle is known under the trade name 
Quernahoning coal, and most of t.he product of the vicinit.y of 
'Vindber is known as Eureka bituminouE coal. Other trade 
names of coal from these quudrangles are Somerset smokeless, 
Orenda, Knickerbocker, and Scalp Level coal. 

A table of coal analyses is gi yen on page 14. 

~atural gas was found in 11)04 in a \vell on t.he Long farm 
in the valley of Beaverdam Creek, Quemahoning TowHRhip, 
Domerset County, f3~ miles northeast of Somerset.. (Sce eco
nomic-geology map of Somerset quadrangle,) Only a small 
quantity was obtained from this well, hut enough, it. is reported, 
to use in drilling t.wo other wells and t.o supply for some time 
the needs of a near-by family. The gas was obtained at a depth 
of 2,561 feet in a bed of sand near the middle of the Catskill 
formation. The hole was deepened to 1,000 feet below the 
gas-hearing bed with negat.iye results. T\vo other test wells 
were sunk on the near-by Boytz and Bowman farms, but bot.h 
wells, respectively 2,668 and 2,629 feet deep, ,vere dry holes. 

These wells are located in the Somerset. syncline not far from 
its axis, as determined by contours based on t.he outcropping 
rocks. The gas-bearing beds, however, which OCCUl' below the 
unconi(ll"lnity at the base of the Pottsville formation, are not 
st.rietly parallel to the surface strata.. Nevertheless, tIle logs of 
t.he wells t.hat have been put down indicate general agreement 
in dip between the rocks above and belm ... the unconformity. 
But when the deeper-lying beds are considered, such as the 
Oriskany sandstone, the effect of' the pronounced eastward 
thickening of the rocks causes a marked divergence between 
the surface strata and the deep-lying rocks. The location of 
these wells in the yalley of Beaverdam Creek, in a synclinal 
basiu, ''las chosen without reference to the stmeture of the 
rocks, which at the time the wells werG put down had not beeH 
determined. 

Ko further tests in this general area 'were made for 25 ye..'lrs, 
but in 102U another period of exploitation was begun, and the 
writer is indehted to 'V. R. Dougan, of Somerset, for information 
cOllcerning the location of the wells and the results of drilling, 
Four test holes were put down in the upper part of the struc
turally well-developed Boswell dome, between 2 and 8} miles 
nort.h west of the gas well on the Long farm. These were on 
the Rhoads, ~lnll, Lohr, and Moore farms. Showings of gas 
associated with salt water were found in the Big Injun sand, in 
t.he upper part of the Pocono format.ion, in the Moore and 
Rhoads wells, but all foul' wells were ahandoned as dry holes. 
The well on the Moore farm, which Wfl-S sunk to a depth of 
4,69~) feet., is the deepest of these t.ests. The record of this 
'well, which was ~tarted in t.he Allegheny formation, shows that 
it passed through t.he Pottsville, l\-fauch Chunk, Pocono, and 
Ca.tskill formations and penetrat.ed about noo feet int.o the 
Chemung formation, 

As the wells on the Boswell dome were practically dry holes, 
attempts to exploit that dome further were abandoned, and tests 
were made of the area adjacent to that in whieh gas was origin
ally obtaine-d on the Long farm (later the O. S. Miller farm), 
northeastward and southwestward approximately along the 
strike of the rocks. 'V ells were sunk on the O. S. Miller, 
\Y. H. :}Iiller, J l'win Ma.ust, Robert Herwig, and K W. Emert 
farms (see economic-geolog'j' map) to depths between 2,U25 and 
3,68,3 feet, all of the holes passing through and below the hori
zon in which gas was obtained in the original Long well. III 
t.he O. S. Miller well gas ,vas found at a depth of 2,548 feet. 
The initial eapaeity of this well is reported to have been 750,000 
cubic feet with a reservoir pressure of about tjOO pounds per 
square ineh. The gas was used in the Miller farmhouse and in 
firing the boiler used in drilling the well on the 'V. H. Miller 
farm in which gas was found at a depth of 2,660 feet A 
resen'oir pressure of 850 pounds and an estimated capa.city of 
1,500,000 cubic feet were reported for t.his well. The tests on 
thc Irwin Maust and on the Robert Herwi~ farms resulted in 
finding only "shows" of gas at depths respectively 2,892 lind 
~,743 feet; a.nd a we112,925 feet deep on the K \V. Emert farm 
2} miles southwest of the Long well was a dry hole. In a well 
011 the C, S. Roy farm a "show" of gas was encountered at a 
depth of 2,285 feet, This well, located in Somerset Township 
about It miles sout.heast of Friedens, is on t.he flank of the 
Negro Mountain anticline a mile northwest of t.he axis. 
Apparently the natural ~as in the vicinity of Beaverdam Creek 
oeeUl"S in "pockets" in lenticular sandstone, the stratigraphie 
p03ition of which is near the middle of the Catskill formation. 

A sample of gflS from the well on the 'V. H. Miller farm 
was analyzed in the Pittsburgh laboratory of the United States 
Bureau of .Mines with the results given on page 12, 

This is a dry gas, containing methane as the only combustible 
eotlstituent and Hll unusually high pCl'centagt" of nit1'ogen. As 



some nitrogen-rich gases r.ontniu helium, tests for that, element 
should be made. 

Analysis of natural gas from well on W. II. Miller farm 
(labomto1jJ No. 5J,7r,~) 

Ca,l'bon dloxidtl (COa)______ _____________________________ O. ° 
Oxygen (Oa) ____________________ .. ___________ 0.0 
Methane (CH,) _______________ . ___________________________ 84,1 
Nitrogen (N.l _ _ ____________________ 15.9 

100.0 
Unsaturated hydrocarbons (C.H" etc.) _______ ._____ ______ 0.0 

Other test wells in the vicinity of the Somerset and Windber 
quadrangles have been drilled as follows: A deep hole was put 
down along the axis of the Laurel Hill anticline in 1927, near 
the crest of the ridge, in Fairfield Township, Westmoreland 
County, about 9 miles southwest of Johnstown and 1t miles 
north of the Somerset quadrangle. The test started in the 
Pocono formation j the lowest depth at which water was reported 
was in the Catskill formation at 2,500 feet; a showing of gas 
was found at 0,612 feet and the well was sunk to a depth of 
6,711 feet, where it was abandoned as a dry hole. Drilling 
ended in a black shale, which may be the Hamilton formation 
or possibly the Marcellus shale. The test therefore stopped a 
relatively short but undetermined distance above the Oriskany 
sandstone, in which gas occurs in the Tioga County field in 
Pennsylvania and possibly in the wells below Ligonier. 

Between 1918 and 1920 several deep wells were sunk 
immediately east of the axis of the Chestnut Ridge anticline, 
the first anticline west of Laurel Hm, succeeding the Ligonier 
syncline. (See fig. 5,) These wells were drmed in the valley 
of' I .. oyalhanna Creek about 4 miles below Ligonier. One 
well, the Peoples Natural Gas Co, No. 1588, was started neal' 
the top of the Pocono sllndstone and sunk ,to a depth of 6,8~2 
feet. Gas was found in the bottom of this well in a bed of sand 
that has been correlated with the Oriskany sandstone, The 
initial open flow was about 500,000 cubic feet a day. Mr, J, 
}~rench Robinson, geologist of the company, states that the rock 
pressure in this well was never taken, as it was deemed advis
able not to close the hole for the purpose of measuring the high 
pressure. Another deep hole sunk near by to a depth of 7,756 
feet, at the time it was completed was the deepest well in the 
world. In this well small quantities of gas were encountered 
at two horizons, at 6,827 feet (Oriskany?) and at 7,428 and 
7,440 feet in the Cayuga group? (Silurian). The record of 
this well, as reported by the driller, is given below as an indi
cation of the rocks that may be penetrated in deep drilling in 
this area, 

Another test of the Chestnut Ridge anticline was made about 
15 miles southwest of the wells below Ligonier, in Bullskin 
Township, Fayette County, about 5 miles southwest of DonegaJ. 
This well was reported abandoned as a dry hole at a depth of' 
3,900 feel. 
iWcord of Booth &- Flinn well No.3 (Peoples Nat1J.1·aZ Gas 00.'11 lI!(!U 

No. 18/'£), .f. Milles northwest of IAgo'nil'1', W",stlnM'eland 
Ommty,Pa. 

[Reoord, BSreported by thedl'lller, ~upplled by Peoples Natural Gas Co. Top or w"ll",bout IlOO 
teet billow top of Pocono formation; bottom ot well pre1'1l1mBbly in the 

Cayuga group {SUllrlanll 

Sa.nd _______ " ______________________ _ 
Slate _______ _ ____________________________ _ 
Sand_ _ _________________ " 
Slate and shellB _____________________ __ 
Lime ______ _ 
Sand _______ ~ _____________________________________ _ 
I:!late 8J.I.dllhellll _________________ • ___ _ 
Sand _______________________________________ _ 
Slatea.ud IIhells _______________________________ _ 
Pinkrock _________________________________________ _ 
Lime _____________ __ 
Red rock_ _ _ ______________________ _ 
JAme_ _ ________________________________ _ 
Red rock and shellll _____________________ _ 
Lime __________________ • _______ ._ 
Red rock _______ _ ____________________ _ 
Gray llhale ___ ~~ __ ~ ______________________ _ 
Sand ____ • ______________________ _ 
Red rock ______________________________________ _ 
Sand __________________________ . ________ _ 
Red IIlate ___________________________ _ 
Sand ______________________ . _____ _ 
White sla.te. ___________________________ _ 
Hard sand __ ~___ __ _____________ _ 
I:!late ____ _ 

Slate and shellll _. ____ . _ 
Hard white lime ___________ _ 
Whlteslate _________ _ 
Whitelime ___ 
Slate _~ ______________________ . ___________________ _ 
Red rock _____________________________________ _ 
Slate and ~hells ____ . __________ _ 
Sand _____________ " __ . ___ 
Sla.te _______ . ____________ _ 
Ha.rdl!l/iJld _______________________ _ 

Slate and shell~ __ _ 
Hard sand ______ _ 
Shells _______ _ 
Whitelllo.te__ _ ___________________ _ 
Slate and shelll!l _ _ __________________ _ 
Slate and lIand shells ______________________________ _ 
Sand; show of gas at 2,180 feet ____________________ _ 
Shells _____________________________________________ _ 
Lime, da.rk_ _ _______ • __________ ¥ ___ _ 

Hard sand _____________________ ~_~ ________________ _ 
Slate ~ __ ~_ _ _____________________ _ 
Sandshellll_ _ _____________________________ _ 
Slate ______________________________ _ 

Foot 
0-40 

40-60 
60-2150 

250-.'130 

...... " 
888-475 
47~1577 

G77-600 
000-687 
087-6(1; 
645-687 
687-707 
707-719 
710-830 
880-8BO 
880-900 
900--920 
920-980 
980-990 

990-1,07G 
1,070-1,080 
1,080-1,104 
1,104-1,18(; 
I,UI~I,16G 

1,165-1,000 
1,260-1,860 
1,860-1,482 
1,482-1,440 
1,446-1,470 
1,475-1,760 
1,760-1,780 
1, 780-1, f:IOO 
1,800-1,820 
1,820-1,820 
1,825-1,850 
1,865-1,885 
1,886-1,920 
1,920-1,985 
1,985-2,0211 
2,026-2,100 
2,100-2,120 
2,120-2,181) 
2, 185-2,21l0 
2,2110-2,280 
2,280-2,38p 
2,380-2,410 
2, 41Q..-2,418 
2,418-2,450 
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Fc,et 
HhellH ___________________ .__ 2,4Im-2,47() 
Band _ _________________ _ _____________ 2, 470-4l, 488 
Slate antll!lhel1s ____ _ _ ______________ ,_____ ____ 2,488-2,495 
])aJ'ksand ______ .______ ___ ____ _______________ 2,496-2,610 
SlateandsheUII _______ __ ___________________ 2,010-2,670 
Dark Ume sand ____ . ___ . _____ . ____ 2,670-2,728 
Slate _________ ._______________________ _ 2,728-2,782 
Sand _____ ________ ___________________ ____ ___ 2,782-2,7815 
Broken sand _ _____________________________ 2,785-2,825 
Slate and shellll __ ~. ___ " ____________ . ______________ 2,825-2,910 
HaJ'd sand _____________ __________ ____________ ______ 2,910-2,9211 
Slate and shells ____ ______________________________ 2,925-2,948 
Hard sand .. _ __ ______ "________ 2, 948-4l. 966 
Slatpand shellll____________________ 2,961J-2,986 
Hard lime sand_________________________ 2,985-3,020 
Slate ______ .. , _____________________________________ .. 8,080-8,086 
Ha.rd sand _______ ~ __ ~~ __ ~ ___ ~______________________ 8,086-H,l00 
Slate and shells _____ ,______________ 3,100-.'1,125 
Lime sand__________________ _____________________ 3.1215-3, Hili 
Slate ____________ .___________________ 8, Hi5-8. 176 
Sand ________________ .____________ 3,175-3, H!i.i 
Sla.te and IIhells _____________________ 8,181)-3,22G 
Sand ______ ~____________________________________ _ 8,225-8,265 
l:!1a.te ______________________________________________ B,2!iIl-B,420 
Sand shellll ______________________ __________________ 3,4,20-8, 42G 

SIa.te _ :I, 420-B, 485 
/:iand _.___ _ _________________ 3,43;1-8,4GO 
Slate ___ ________ _______________________ 11,460-8,478 
Sand ______________________________ _________ 3,4"-8-3,498 
Slate and IIhelll!l __________ .. _________ ________ 8, 49S-a, 1170 
Sand ______________________________________________ 8,570-8,:;90 

l:!1a.te_________________ H,690-8,68G 
Slateandl!lhelll!l _____ .__ 3,6811-8,721i 
Slate _ _ _______________ w ____________________ 3,7'..lr1-8,866 
Handy liule________________ ___ a,8G6_8,860 
~Iate and shells ______________ .. __________ ._____ 3,860-4,066 
Lime and sand _._. ______________ . _________________ ~ 4,06r ... 4,090 
Slate and sheils ____________________________________ 4, 090-4, 4<10 
LiIne ____________________________________________ 4,4I:I0-4,46G 

Slate and shellll; show of gn~ at 4,fi02 feet __________ 4,4611-4, 81() 
Sand _________ 4,810-4,820 
Slate and shells ___________________________ ~ ___ ... ___ 4,820-4,840 
Hard sand____________________________ 4, tl40-4, 1:102 
Hlate and shells ________ . ___ __________ 4, 8~2-U, 09G 
Hard lime ________________________________________ 5,09~, 112 
I:!late and ~hel1s _______________ _______ 5, 112-a, 11:10 
Hard lime __ _ ________ .. _____________ G,190-5,22r; 
(-tray lIand_______ _ ___ 5.225-1i,2r;0 
HnrdliUle____________ _ _______________ 5.250-1i,270 
Slate and shells _ _____________________ 1I,27O-U,4OG 
Hardlime ______ . _____________ .. ____ 5,405-5,44() 
Hlate _____ . ______________ . __ ._______________ 5,440-5,445 
Lime and lIand __ __________________ _________ 5.44G-5,41SO 
Bla.ckslate ________________________ 5,460-5.575 
Lime___ 5,1)75-5,710 
Slate _____________________ _______________ 5,716-5,785 
I:!hale___ _ ___ . ________________________________ 5,785-0,820 
Mme ____________________________ 5,820-6,890 
Slate __________ " ______________________________ . ___ G,S8G-5,9GU 
Ume ________ ._________________________ 0.950-6,000 
Shells Itlld IItlnd _________________________ . _________ 6,000-6,070 
Sand _____ . _____________________ .__________ 6,070-6,185 
Slate _________________________________________ _ 6, 135-6, 1G5 
Hardllme __________________________________________ 0,Hm-6,205 
!Slate _____ __________ _ ____________________ 6,205-6,2150 
!Slate and shells ____________ __ _____ _____________ 6,260-0,315 
Ha.rdlime~___ _ ________________________ • ___ 6,815-6,880 

Slate and shells __ 6,830-6,890 
Slate ____ . ______________ .______ _ 6,390-6,57(; 
Shale __ . ____________________________________________ 6,076-6 GIW 
Bad hole __________________________________________ 6,1180-6,620 
Shale ______________________________________________ 6,626-6,6S0 
Hlate _ _ _______________ 6,680-6,'1'..l0 
ShaJe _______________________________________ ._. ____ 6,720-0,725 
Black shale ________________________ .. _______________ 6,725-6,745 
Shale _________________________________ .. ____________ 6,74G-6,74g 
SIa.te ______________ _________________________ 6,748-6,778 
Lime ____ ~______ 6,778-6,807 
Ha.rd lIand (~) .. _ _______________________ 6,807-6,827 

Broken sand (1); gas at 6,827 teet_________ 6, 827-6, 88G 
Hard gray lIand ____________________________ __ 6,8815-6,885 
Hard dark Mand and .flint rock _____________________ 6,8815-7,000 
Yellow rook _____ 7, 000-7, t)25 
Hal'd gray sand ________ ~________________________ 7,025-7,075 
Dark lime ____________________ .____________________ 7, 071'.i-7, OSG 
Hard gray and brown sand ____ . ___________________ 7,085-7,120 
Sand _______________________________________________ 7,120-7,140 
Black ~and __ _ _______________ 7,145-7,185 
Black lime ___ 7, 18~7,25G 
Light-gray lIand ___ ____________________________ 7,2~5-7, 260 
Hard reddish sand _______________________________ 7,260_7,261l 

Da.rk-gray sand ~---.----------------------------- 7,265-7,2tj() 
Black shale___________________ ________________ ______ 7,280-7,285 
Gray lIandllme _________ 

c 
_______________________ 7,285-7,870 

Hard gray Band (?), 6lo~e _______ .. ___________________ 7,370-7,884 
White sand (1); gas at 7,~81eet ____________________ 7,384-7,428 
Dark sand (f)i gas at 7,440 feeL _______ . ____ ._____ 7,428-7, 7ri6 

A satisfactory delimitation of the formations in this well can 
not be made from the record. A few tentative correlations, 
however, are suggested. The base of the Pocono formation 
may be at 637 feetj the presence of "pink rock" and "red 
rock" between 637 and 1,780 feet indicates the Catskill forma
tionj the black shale between 6,725 and 6,745 feet presumably 
is Marcellusj "lime" between 6,778 and 6,807 feet suggests 
the Onondaga limestonej "sand," beginning at 6,807 feet, ifit 
is reported correctly, suggests the Oriskany group; and the gas 
found at 6,827 feet has been considered to oceUI' in the Oriskany, 
though doubt is cast on this correlation by C, R. Fettke, who 
states, in a personal communication to the writer, based on an 
examination of incomplete cuttings from this well: "From 6,785 
to 6,835 feet the cuttings consisted of a cherty limestone prac
tically free from magnesia, which I believe represents the 
Onondaga," The gas found at 7,428 and 7,440 feet presumably 
occurs in the Cayuga group (Silurian). Below 5,000 feet the 
hole is considerably inclined from the vertical, so that the 
stratigraphic intervals are less than those shown by tlle record. 

The classification of the strata below the Cheml1n~ formation, 
exposed east of the Allegheny Front in Blair and Huntingdon 
Counties, in the following section measured by Butts,l 0 will 
be helpful in cOlTelating the rocks encountered in deep wells 
in the Somerset and Windber quadrangles. It should be borne 
in mind, however, that the beds decrease in thickness toward 
the west and that differences in lithology are to be expected. 

Section of bed.8 below Ohemung fOI'maUon eaat of Allegheny Front 

___ ... ___ :I _____________ :i Tbff,,~~89 
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The presence of natural gas in a number of places southe.flst 
of the Chestnut Ridge anticline indicates that other occurrences 
ma.y be found in that region. The results of drilling thus far, 
however, do not offer much encouragement that large commerR 
cia! production will be obtained in the Somerset and Windber 
quadrangles. Nevertheless, the quantity of gas found in a few 
wells serves as a stimulus to further drilling. 

The apparent scarcity of petroleum and natural gas near the 
eastern margin of the Appalachian Plateaus has been explained 
by the hypothesis that the progressive metamorphism of the 
rocks, increasing from west to east in the direction of the more 
intense diastrophism, has driven out of the strata oil and gas 
which may originally have been present. The degree of 
progressive metamorphism is quantitatively indicated by the 
decrease eastward in volatile matter and the corresponding 
increase in fixed carbon in the coal as shown by the proximate 
analyses, From west to east across the bituminous coal field of 
Pennsylvania the beds pass from high-volatile coal, containing 
les.s than 60 per cent of fixed carbon in pure coal, on an ash-free 
and moisture--free basis, near the western border of the State, to 
low-volatile coal, in which there is more than 80 per cent of 
fixed carbon and correspondingly less volatile matter, in the 
eastern part of the field. David White 11 has called attention 
to the relation of the occurrence of oil and gas to the quantity 
of fixed carbon in coal beds. In the Appalachian region the 
oil fields are mostly west of the line of 65 per cent fixed cnbon, 
ond large gos fields have not been found east of the line of '7& 
per cent. Analyses of coals in these quadmngles show a range 
in fixed carbon from 75 per cent in the vicinity of Ligonier to 
86 per cent in the vicinity of Windber. (See p. 14.) 

Other explanations of the apparent scarcity of oil and gas in 
the area adjacent to the Allegheny Front are as follows: (1) 
The sands in the eastern part of the Appalachian Plateaus may 
have had their possible original content of oil and gas flushed 
out by circulating ground water. However, general conditions 
are not favorable for vigorous circulation of ground water in 
the lenticular oil and gas sands of the spoon-shaped Pittsburgh-

lOButts, Charlel!l, Geologic section of Blair and Huntingdon COWlties, 
central Pennsylvania; Am, Jour_ Sci., 4th sar., vol. 46, pp. 623-537, 1918. 

11 Whitt', David, Some relations in origin between coal and petroleum: 
Wa.shington Acnd. Sci. Jour., vol. ri, pp, 189-212, 19U,. 



II unting(loll Basin, in wliil'h tile produeillg sauds ure fill' ht-Iow 
the discharge outlet. (2) Abundnllt deposits of organic matter, 
from wilieh oil and gHS are derived, may not have been laid 
(lown in thiR areH. 

UI.A Y AN II ~H AI .. E 

The Somerset and 'Vindher quadrangles contain extensive 
deposits of clay and shale, but they nre little developed, [mel 
,vhen the Hrea was surveyed only one clay pit was in operation. 

Almost every coal bed is underlain by clay, but the deposits 
nre lenticular and differ in quality, some being yery valuahle 
and others practiC'ally useless. These deposits are plastic or 
flint clays according to their chief' charueteriflties. Both vari
eties are more or less refractory, and the fire clays are adapted 
for the manufactun' of fire brick, crucible IiningR, Hnd other 
sub."tnuces that must stalHl a high temperature. This quality 
is dne to the 10\,'" pereentage of alkalies, alkaline earths, and iron 
cont.ained in the days, these 8ubstnnces presumably hnving been 
l'ettloH'd from the soils, now the day beds, during the gl'O\vth 
of the plants that formed the overlying coal. The plastic clays 
are characterized by the fact that they can he readily molded; 
thl" flint days, on the other hand, can not be molded and are 
typieully hard and brittle Hud hreak with a conchoidal fracture. 
The purer varieties of flint day closely approach in composi
tion the mineral kaolinitE', which is a hydrous silicate of alu
minum, and arc more refi-actory t.han the soft clays. 

In these quadrangles clay is reported in many drill records, 
and douhtless prospecting at the dlief horizons will reveal the 
presencc of ynluahlc deposits. The principal horizons of clay 
are a few feet below the Upper Freeport coal, where locally 
there is n vnluable hed known flS the Bolivar clay; nem the 
Upper Kittanning coal; almost immediately belo\v the Lowcr 
Kittunning ('onl, where there is a widespread deposit of soft 
clay; about liO fect below the Lower Kittanning coal, immedi
ately below a \Jcd of coal in the approximate position of the 
('larion; and in the Mercer member of the Pottl;ville formfl
tiOll. Drill records nhow that clny at all these horizons in 
Jllaecs in thC'se quadran~les attains a thiekncss greater than ;) 
feet. 

The only day pit t1lflt was in operation when this area was 
surveyed, in Hn:1 and 1914, vws that of the ,'rindbel' Clay 
JIanufueturing Co., at the southeast end of the borough of 
'Windber, where rather extensiye operations have been ('on
duded. This pit was first. opened ahout HlOO. The following 
sention is exposed: 

Sedion at lVindbe/' (Jltty ~lfl1nuf(ldu1'ing Uu.'s pit 

Shale, gray 
COli-I, ClariOIl __ 
Clay, gray, harLi 

Hfl~e not exposed. 

1'·t. iu 

10+ 
1 10 
9 

This clay Led is npproximntely GO feet. below the J~ower 
Kittanning coal. A sample of the clay, collected by the writer 
in 1014, ,vas tested by P. H. Bates, of the Bureau of Stanilardt:, 
who reports as follows: 

Jt required only 12.2 per cent of watl'l' to make the day plastic, whieh is 
vory much below the average. The plasticity of the material is low, and 
diiUtlulty would be experIenced ill moldillg it in the auger machine or 
sewer-pipe press. Speeimens uf this day were fired to different tempera 
tun's lind the following l'esllltl' obtnined: 

Tell1)l~rJ.tlll'e 
(OC) 

l,l;)O 

1,1,.) 

1,200 
1,22;) 

1,250 

1,27[) 

],300 

(~~~OCS~;,{) I' ___ C~~~~ __ _ 

18.iJi Huff. 

S.55 Do. 

9.00 I no. 
10.1S Dark gray. 

11. tlO Dark gray, ovel'burIled. 
1;).2;) , ])0. 

Hi.i)O I Do. 

spomed to ('Jlr)'y au appre('ill,ble amount of cflrhomu~E'Ol18 
il1!'l'(last' sOllu;>wbltt the difficulty 11.11(1 tiJII(' of burn· 

ing;. r('~ult~ oht:dlled se('lIl to Indknte that the day is It 10w-graLll' 
1\0. :31!re clay that readily ovel'lmrns tiJl(I develops It vesicular structure. 
It See)ll!;; that the clay can not he readily hurned to a vitriiitld and dense 
pl'Oduct. The color is not very desirable. From these facts it appear!! that 
although tIle cln,y might be employed lJl the manufaeture of commou brkk, 
hollow block!!, firrproofing, and Biulilo,r lllateria.Is. it does not apprm' to b(1 
adapted for the IlHlilufact11l'C of fu'{'u brick Ilnd sewer pipe. 

By mixing thp clay with shale in the proportions of two parts 
clay to one part shale, paving brick ('an be made, and in HlliJ 
ahollt. half the product of this plant consisted of paying briC'k. 

Clay at the same horizon as the bed nt 'Vindber-below the 
Clarion coal-has been prospected along the ruilroad at Heitz, 
7 miles south of,Vindber, and abont [l, mile south of ... \.rro\v. 

Shale in practically inexhaustible quantity is a vailahle in 
these (luadrangles for making brick. The chief horizons from 
which shale i8 obtained for brick-making in adjacent areas are 
in the lower third of the Conemaugh formation. The shale 
ranges in texture from fine to coarse and in composition from 
Hl'gillH{'('olls to samly. 

SA:xnSTONE 

The supply of sandstone in these quu(lrangles suitable for 
rough structural work is abllndfmt. The most valnnhl(' heds 
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lire th(' Morgantown and Mahoning members of the COlle
maugh fOl'matiol1, the Kittanning member of the .Allegheny 
forlllation, the Homewood and Connoquenessing members of 
the Pottsville formation, lHld sandstones in the Pocono, Catskill, 
and Chemung formntions. Some of these sandstones have been 
used locally in t.he construction of houses and rather generally 
in foundations and bridge cuI verts. 

Most of the sandstones are gray to buff and yaritextured, 
ranging from fine to coarse grained. The Catskill sandstone is 
red. They are arkosic and are composed chiefly of quartz and 
kaolinized feldspar. Some of the beds, notably the Kittanning, 
Homewoou, and Connoquenessing, contflin less feldspar and 
are more indmilted than the others, and locally they consist of' 
almost pure quart¥. grains in a siliceous matrix. 

The sandstones of these quadrangles have been but little 
developed, and only two quarries were in operation when the 
writer examined the area. In the eastern part of the town of 
Bos\vell t.he Kittflnning sandst.one, which in that vicinity is 
unllsually thick, is crushed for use in making concrete. At 
Rowena, a station on the Baltimore & Ohio Railroad south of 
Hooversville, the Kittanning sandstone is crushed, washed to 
remove clay, and shipped to Johnstown. A number of small 
quarries have been opened on the Morgantown sandstone in 
the vicinit.y of Ligonier. In general even the prevailingly 
quartzose sandstones of this area contain too much iron to 
render them desirable for use in making glass, although 
certain selected beds in the whiter portions of the Homewood 
and Connoquenessing members of the Pottsville formation may 
be sllitable for this purpose. J~eds of sandstone in t.he Pottsville 
nnd Po(,ono formations are quarried locally for road meta1. 

LDIES'1'ONE 

.\ number of heds of limestone occur in the Somerset quad
rangle, the most valuable of which are the Loyalhanna, ft bed 
in the overlying 1fallch Chunk shale, the .Johnstown, Cpper 
and Lower :Freeport, Brush Creek, Ewing (?), Clal'ksburg, Hnd 
Upper Pittsburgh. Each of these beds has been quarried at 
one place 01' another within the quadrangle, principally for 
making lime for fertilizing. Lime is needed on the soils of this 
rf'gion and is mueh used. Un most of the farms where lime
stone iR known to crop out it has been quarried and burned. 
There is a tendenc'Y, however, for the far mel'S to buy their lime 
already burned, derived from plnces outside the quadrangles. 

:\lost of the beds of limestone are thin, none except the Loy
alllllnna being much more than 10 feet. thick; in general the 
thickness avernges !i feet or less. The T..oyalhanna lime~tone, 
on the other hand, is 40 feet thick and has been quarried in 
scveral places for use as road metal and along the Pittsburgh, 
'N E'stmoreland &: Somerset Railroad :-3 miles southwest of 
Laurel Summit for use chiefly as a paving stone. This rock 
does not stand the \veather well, and for that reasou it is not a 
good huilding stone. 

The following analyses show t.he composition of some of the 
beds of limestone: 

Oompfwil1on of lime.~tonefrom Somerset Ijnadl'anyle 

lAne.lj'h~, W O. Wheelel'] 

---~--~-- ,----, 

I
! ~~~~ II iir~, {:~~~', 1:;' ';:~::' ll'~~~ 

c8~':.1; 1 I 

l~:':;-u~,~~=~=1 ~;:;-2222 8,48 4,211 3,371 3,43 

Fe~O.+A.laO._ 258112321 244 2.7;!, 20J 1 246 

il.fgO__ 42 1121 69 128
1 "I i 80 

CaO__ 27 OS 88.3;) 5130 4972 51 76 4~ 60 

Loss on ignition 22 41 29 39 41 92 41 64 1 42 04 43 07 

1~09I~~I~:s3~:~~r999t19~ 
The table sho\ys thnt the samples of t.he Johnstown, E\ving 

C?), llud CIn.rksbnrp; heds are limestones of low-magnesium con
tent, and so far as composition is concerned they are adapted 
foJ' most of the uses to which linwstone is put. The eonsider
able magnesium in the sample of Upper Pittsburgh limestone 
indicateR t.hat it is not well adapted for making Portland 
cC'ment. The large amonnt of insoluble matter in the sample 
from the Mauch Chunk shale presumably is not typical, 
because limestone from that formation has a local reputation 
for making good lime. The large quantity of insoluble matter 
ehieffy sand, in the Loyalhanna limestone is characteristiC'. It 
might with equal propriety he called a calcareous sandstone or 
a siliceous limestone. The stone makes good road metal aIlll 
l'ailrou(l lmIlast and is all;o used for paving blocks. 

IRON ORE 

hon carhonutc, the mineral sioerite, in this region occurs lit 
seyeral horizons in the Conemuugh and Allegheny formations 
either Hssociatetl with limestone or as disseminated nodules in 
shale. The iron carbonate occurs in two forms--clay ironstone 
and blaek band. Both forms contain considerable earthy mat
ter. The clay ironstone is gray \yhere freshly broken and the 
black band is discolored by the presence of organic matter in 
thin streaks 01' hands parallel to the bedding. The most 

protllinent horizons are in the J\Iahoniug sandstone, the 
Johnstown limestone, and the Lower Kittanning and Clarion 
coal beds. The clay ironstone OCCUl'S chiefly disseminated in 
shale as nodules or concretionary masses, which in places 
coalesced to form irregular beds. In some places iron carbon
ate is associated with limestone, which seemingly it has 
replaced. Likewise the nodular ore presumably is of second
ary orlgm. Apparently it was originally disseminated 
through the beds and was segregated around nuclei by per
colating solutions. On exposure to the atmosphere the ore 
tends to oxidize to limonite and hematite. 

The Somerset and Windber quadrangles contain the remains 
of several old iron furnaces that were operated during the fIrst 
half of the last century. In \Yestmoreland County the 'Vash
ington furnace stood a fmv hundred feet north of the Pitts
burgh and Philadelphia road, 4+ miles southeast of Ligonier, 
and the Westmoreland and California furnaces were in the 
valley of Furnace Run, about 1 § miles south of Laughlintown. 
In Somerset County t.he Shade furnace on Shade Creek, 41 
miles east of Hooversville, and an old furnace at Forwardstown 
and another on Picking~ nun, half a mile up from Klines 
Mill, were small charcoal furnaces that reduced carbonat.e ores. 
Mining was conducted by stripping the outcrop. The ore 
supply, however, was small and of irregular occurrence, and 
after the introduction of the coking furnace and of the Lake 
Superior ores the old iron flll'naces in western Pennsylvania 
were abandoned. The deposits ean not be worked profitably 
under present eonditions. 

WATF.H 

The annual rainfall of 40 to 50 inches insures the water 
supply, which is derived from streams and wells. 

The streams of this region, although small, generally fur
nish potable water in their upper courses. Some of those t.hat 
head in the uninhabited portions of Allegheny Mountain and 
Laurel Hill are impounded in reservoirs 'within the upland 
area above sources of contamination, and they furnish supplies 
acceptable for town use. \Yindbel' and Ligonier are supplied 
with impounded water in this manner. 'Vindber obtains its 
water from Clcar Shade Creek, and Ligonier from Furnace 
Run north of the Pittsburgh and Philadelphia road. The 
streams that. flow t.hrough populated distri{'ts become contami
nated and are unfit for domestic use. 

The acid wastes from coal mines cause trouble by inducing 
corrosion of pipes, formation of boiler scale, and general 
destruction of metal. Streams pollut.ed in this manner are 
recognizable by a greenish, reddish, or brownish coloration of 
the water caused by the precipitation of iron. Stony Creek, 
for exnmple, above Mostoller is clear, but helow the month of 
Wells Creek, which carries the drainage of several mines, its 
water is distinctly brownish red. 

Springs are numerous, although generally small. They 
emerge at the ontcrops of porous beds of sandstone that overlie 
relat.ively impervious beds of limestone, clay, or coal. 

Quemahoniug Reservoir, in the northwestern part of the 
'Yindber quadrangle, is one of the large artificial bodies of 
water in Pennsylvanifl. Thc waters of Quemahoning Creek 
are impounded hy an earth dam with cement eore constructed 
in the na,rrows 2 miles above Hollsopple. The water is piped 
to ,Tohnstown, where it is used by the .TolmstO\vn 'Yater Usel's 
Association in manufacturing plants. 

'Vater in wells is obtainable, chiefly from the more persistent 
beds of sandstone, c.specially from those lying near the surface. 
Most. of the wells yield good supplies, and if they a.re located 
toward the axes of synclines t.he water in many places is nnder 
sufficient pressure to flow; in fact, flowing wells have been 
obtained in all the basins. 

In general wplls less than 100 feet deep ure the chief source 
of water. One of the deepest water well:,,;, on the farm of 
Isaiah Buechley 1 mile west of Ralphton, is reported to have 
been drilled 344 feet to the Homewood sandstone before an 
~ldequl\te supply waR found. The town of Somerset. derives its 
water supply from wells. In una three wells, 120 to 1;'iO feet 
deep, drilled into the Mahoning sHndstone, were sufficient to 
sllpply the needs of the town. 

The water from the shallow wells is generally low in its ('on
tent of dissolved mineral matter. Salt water, however, was 
reported in the Pocono formation in the deep wells sunk in 
search of natnral gas nort.heast of Somerset, but little or no 
water was reported in the underlying Catskill beds. 

son.s 

The soils of the Somerset and 'Yindher qUHdrangleR nrc 
pmcticallyall residual and result from the disint€gmtion flnd 
deeomposition of the immediately underlying rocks. The 
gently rolling country that forms the greater part of the quad
rangles, in which the shale and thin-bedded sandstone of the 
All('gheny and Conemaugh formations crop out, is character
ized by sandy and clay loams. These soils are commonly 
fine grained and moderately fertile and, when properly feJ'ti
lized and tilled, yield excellent returns. The chief erops are 
corn, oats, wheat, rye, buckwheat, and hay. 



The areas tllHt are directly underlain by the Itlnssivc i"and
stones of the Pottsville and Pocono formations, cOni'1picnously 
Allegheny ~Io\lntain an(l Laurel Hill, are chararterizen by 
sandy soils, nnd large traetfl in the monntains are strewn with 
hlocks of sandstone. On account of the rough topogrflphy and 
lean soil these uplands are not adapted for fil,rming but remain 
a forested wilderness in the midst of a rather thickly popu
lated region. Like\'1isf', \'1here beds of massive sandstone crop 
out in steep, narrow valleys adjacent to Stony Creek and some 
of its tributaries, neither the Roil nor the lay of the land is 
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suitahle for cultivation, aIHl sueh al'f!HS nlRo are oeenpied by 
forest. Ho\veyel', a few small patehes on the tops of Alle
gheny 110untain and Laurel Hill that arfl underlain by ero
Bion remnants of red shale of the Maueh Chunk formation are 
cultivated. The Catskill red beds east of Allegheny :;\loun
tain also yield a loamy soil. At the immediate hasf' of the 
mountain the slopes are too steep to afford the best condi
tions for agriculture, but where the snrface is more undulating 
the soils deriyed from the ('atskill formation yield good crops. 
In the southeast cornel' of the "\Vindbel' quadrangle the soils, 

.A Iwlyses of samples of coulfrom the Somerset and W'{nrllJer I]uudmngles, Fa. 
[}!ade by the Bureau of Minea] 
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'which are derived from the' Chemung formation, are sandy ami 
clay 10am'3 that are similar to those derived from the Allegheny 
and Conemaugh formations. 12 

Because of the absence of broad valleys and large streams in 
these quadrangles there are no extensive areas of bottom lands 
HUed with transported alluvial soils. Only in a few places, as 
in the valley of Loyalhanna Creek in the vicinity of Ligonier, 
are considerable areas of alluvium under cultivation. 

"Shaw, C. P, and Byers, W. C., A reconn~l!~ance soil 8urvey of south~. 
central PennsylYanin.: tT. S. Dept. Agr. Bur_ Soils Field Operation!!, 1910, 
pp. 193-265, 1912 . 
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14.0 Milwaukee Speoial 
14.1 Bald Mountain-Dayton 
142 Cloud Peak-Fort McKinney. 
l4.1 Nantaha.la, ........ . 
14.4. Amity .....•.••...• 
145 Lanoaster-Mineral Point 
146 RDa-ersvnte., .. , ..... 
14.7 Piaph .... 
14.8 JoplinDistrict.(reprint) .•. 
14.9 ~!!?9J»c;otBay .. 

<"~ ,l<<iffl-'~=s=~:: 
162 Patuzent .. 
1811 Ouray ..... 
164 Winslow 
1 SS Ann Arbor (reprint) . 
156 Elk Point ..... . 
lS7 Paeaaic .. 
168 Rookland.. 
169 Independence 
160 Aecident-Grantsville 
161 Franklin Furnace 
162 Philadelphia 
163 Santa Cruz . 
164 Belle Fourohe 

"165 Aberdeen-Redfield, 
166 EiPaao. 
16T Trenton .. 
168 Jamestown-Tower .. 
169 Watkins Glen-Catatonk. 
170 Mercersburg-Chambersburll 
171 Ena-\neerMountain ... 
172 Warren. 
1'Zi5 Lilramie-Sherrnan . 
174. Johnstown..... 
176 Binnina'ham ... 
176 Sewicldey 
1 'l7 BurKGttstown-Carnqie .. 
178 Foxburg-Clarion. 
179 Pawpaw-Hancock ... 
180 Claysville. 

"181 Bismarck . 
"182 Choptank ..... 
18li L~Burnet 
184 Kenova ..... 

"185 Murphysboro-Herrin 
~186 Apishapa., ... 
"187 Ellijay 
"188 Tallula-Springfield. 

189 &mesboro-Patton 
190 Niae-ara. ... 

"191 Raritan. 
192 Eastport. 
191i San Francisco 
194. Van Hom 
195 Belleville-Breese. 
196 Phillipsburg 

"197 Columbus .... 
198 Castle Rock 
199 Silver City . 
200 Galena-Elizabeth 

"201 Minneapolis-St. Paul 
202 Eureka SPIinia-Harrieon . 
203 Colorado Springs ..... 
204. Tolchestar 
~206 Detroit •. 
206 Leavenworth-Smithville .. 
207 Demina' ....... . 
208 Colehester-Mapomb. 
209 Newell 
210 Herman-Morris 
211 Elkton-WIIminat;on .. 
212 Syraeuse-Lakin ..... . 
21Z New Athens-Okawville .. . 
214. Raton-Bnlliant-Ko&hler., 
215 HotSprina-s 
218 Carlyle-Centralia .. . 
217 Ray... . ........ . 
218 Riddle· 
219 Central Blaok Hills. 
220 Gillespie-Mount Olive, 
221 Bessemer-Vandiver 

f22S Fair:8eld-Gettysburg 

State. 

Arizona ...•. 
South Dakota 
South Dakota 
Pennsylvania. . . 
North Carolina-Tennueee 
North Dakota-Minnesota .. 
Tennenee-North Carolina 
Arkansas-MislO\1l'i ••••• 
Colorado .. 
Pennsylvania.. 
Oklahoma (Ind. T.) .. , .. 
Pennsylvania. . 
North Caroiina--TennesHe 
Pennsylvania .. 
Arizona" .. 
Wyomina'-South Dakota. , . 
Wyo.-S, Dak.-Mont . 
Arizona . 
Colorado. 
Colorado ...... 
Oklahoma (Ind. T.) 
Pennsylvania. 
Pennsylvania. 
Colorado .... 
Maryland-Virginia. 
DeL-Md.-N.J 
California. 
WaahiDaton. 
W'IIC1Om1in .. 
Wyomina' .. 
Wyoming ..•.......• 
North Carolina-Tennessee 
Pennsylvania ..... . 
W'lIClOnein-Iowa-IUinois .. 

:~:S:~~:. 
Missouri-Kansas . 
Maine. 
Wyoming .. .. .. ... 
Tenll888H-North Carolina 
Md.-D.C .. 
Colorado ........ 
Ark.-Okla. (Ind. T.) . 
Miehigan ..... .. 
S. Dak.-Nebr.-Iowa ... , 
New Jersey-New York . 
Maine .. . 
K ..... . 
Md.-Pa.-W. Va 
New Jersey 
Pa.-N. J.-Del. 
California. 
South Dakota 
South Dakota 
TuB6...... . .... 
New, Jarsey-Pennsylvania .. 
North DakOta. 
New York 
Pennsylvania. 
Colorado. 
Pennsylvania-New York 
Wyomina' .... 
Pennsylvania, 
Alabima ... 
Pennsylvania .. 
Pennsylvania. 
Pennsylvania. 
Md ... W. Va.-Fa 
Pennsylvania . 
North Dakota 
Maryland. 
Texas ... 
Ky.-W. Va.-Ohio . 
Illinois 
Colorado. 
Ga.-N. C.-Tenn 
Illinois 
Pennsylvania. 
New York 
New Jeney 
Maine .. 
California. 
Texa~ .. 
Illinois 
Montana .. 
Ohio .. 
Colorado 
NewMe:zioo 
Illinois-Iowa 
Minnesota 
Arkanaaa-Missouri 
Colorado 
Maryland. 
Mlcbia'an . 
Missouri-K~s . 
New Muieo 
Illinoia ••.. 
South Dakota 
Minnesota. 
Md.-Del.-N. J.-Pa . 
Kansas. 
Illinois .......... . 
New Muico-Colorado .. 
Arkansas. 
lliinois .. 
Arizona. 
Oregon . 
South Dakota .. 
Illinois .... 
Alabama ' 
Pennsylvania. , 

"These foJioe are also published in octavo form at 50 cents eaeh. 
• Oetavo edition of this folio may be had at same,price. 
fFolios 222 to 224 are in prees. 
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Circulars showilli' the location of the area ClOvered by any of the above folios, as well as information concerning topographic mapa and other publications of the Geological SUrvey. may 
be had on application to the Direotor, United States Geologioal Survey, WashinQton. D. C. 




