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GEOLOGIC ATLAS OF 'THE UNITED STATES. 

The Gcolo,::?;ieal Survey is making a geologic atlas of the 
United States-, which is heil1g issued r.lilletl folios. 
Each folio includes topographie and 
area, together with descriptive text. 

THE TOPOGRAPHIC MAP. 

The featul'(:,s on the topograpllic lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenu8, hill!;, alld lllount"lins; (2) distribu-
tion of water, called as streallls, lakes1 a.nd 
(3) the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Re1iej.-All elevations are measured from HlCHll sea level. 
The heights of IIlall)" points are H('curateiy determined, and 
those of the most important ones are given on the mi'lp in 
figures. It is desirable, ho\vf>ver, to gi\'e the elevation of all 
parts of the area mapped, to delineate the outliue 01' form of all 
slopes, an (I to indiclIte their grade or This is done 
by lines eadl of whieh is dnrwn through of equal ele\'a-
tion above mean St:'<l le\~el, the vertical iutt:'l'Ynl represented by 
each space betwf'en lines being the same throughout eHcll map. 
These lines nre called cOJ/four lines or, more brietl \', contours, 
and the uniform H'rtical (li"hlIH'e bet\\een ea"h two"eontours is 
called the contouT intr:rml. Contour lines and elevations are 
printed in brown. The manner in whi('h coutour lin,es express 
altitudf', form, and grade is shown in figure 1. 

FlOrRIe \.-ldeal view and correspondillj.{ contonr map. 

The skcreh :J river VB Hey bt'tween two hills. In 
tIlt:' foregrOlliul tile seH, \dth a bay that is partly ('losed hy 
a hooked sand bar. On eaeh sirlf' of tht' v:llley i!:l a terral'e. 
The terrllCC on the right merges into a gentle hill slope; lhat 
on the left is baekeJ by a ascent to Ii diff, or SCfll"p, whidl 
contra!:lts with the gradunl awny from its ncst. In the 
map each of these features jndicat.t'd, direetly bel10ath its 
position in the sketch, by contour lint'R, The map docs not 
include the clistant portion of the yiew. The following notes 
may help to explain the use of contour lint's: 

1. A eoniour line reprt:'sentR a eertain height ahow sea 1('\·e1. 
In this illnstration the contoUT interval is 50 feel,; thel'efore 
the contour lines arc llrawn at 50, 100, J 50, and 200 feet, and 
so 011, ahove me~m sea level. Along the contour at 250 feeL lie 
al! points of the surface t.hat Ht"t' 250 f~et above the sea~that is, 
this eontour would be the shore line if the sea \vere to rise 250 
feet; alon!!: the contour at 200 feet. are all points that nrf' 200 
feet abo\'e the sea; and so on. Tn the l:lpace bet,"ween any two 
contours are ul1 pointR whose elevations are aboy,=, the lower 
and below the Iligher ('on tour. Thus the eontnur at 100 ft'f't 
falls jUSL helow the edge of the tenace, and tltat at :l00 feet lit:'1'l 
above the terrace; therefore all point!:l on tile t.errace are shown 
to be more tlwn 150 but le!:ls than 200 feet aboye the sea. 
The summit of t.he higher hill is rm:nh(1 GiO (feet aboye sea 
leyel); the ('ontoUT at ();;i0 feet surrouuds it.. In 
this illust.ratiou the eontoUl' ]ines arc nuwbered, and those 
for 260 and riOO feet are aceentuHted by being IlIade heavier. 
Usually it is !lot desirable. to number all the eontour lines. 
The aecentnating flnd nnmht'ring of certain of them-say eyery 
fifth one-suffices and the ht'ights of the others may he l.lSeer­
tained hy tOllnting up or dO\Vll from th('se. 

2. Contour lines show or' express the forms of sloJlell. ~\.:l 

contours are continuolls horizontal they wind SlllOOtllly 
about smooth smfaces, rett:'dt:' into rt'entrant of 
ravinel'l, and project. in .passing around spurs or I"·o,mi,,wnees. 
These relations of cont.ou]" curn"'s Hnd 1:..0 of' t.he 

can be !:leen f!"Olll. the map and 
lines sl~ow the approximate of any sl~pe. 

The vertical interval between two ('{-lIltours the same, whether 
they lie along a cliff or on a genLle slopt'; hut. to at.tain a gi ven 
ht'if!;ht on a gentle slope 0111.' mU:lt. go Dnther than on a HtCt'p 
slope, and therefore eontoun; are fill' aplll't on gent.le slopes 
and near togethf'r on steep one8. 

A small contour int~ryal is neeessary to express the relief of 
a flat oj' gently undulating countr)'; a steep or mountainolls 
country ean, as a rille, be a(lequately representell on the same 
seale by the use of a huger inteTYnl. The smallest interya I 
used on the atlas sheets of the Geologieal Survey is 5 feet. 

This is in regions like the Mississippi Delta and the Dismal 
Swamp. For grellt mountain masses, like those in Colorado, 
the interval may be 250 feet nnd for less rugged eount.ry ('on­
tour intervals of 10; 20, 2iJ, 50, and 100 feet are used. 

Draina,lJe.-\Yater~oursf's are indicated by blue lines. Fora 
perennial strealll the line is unbroken, but for an intermittent 
stream it is hroken or dotted. 'Vhere a stream sinks and 

the probable underground course is shmvn by a 
blue linf'. Lakes, man~hcs, and odler bodies of ,vater 

by conventional sigBs in blue. 
for the works of' man and nIl letter­

are printed in 
,)ca"C.,.-j~l1e area of the United States (exclusive of Alaska 

and island possessions) is ubout 3,027,000 square miles. A 
mup of thif'. area, dl1HVn to the scnle of 1 mile to the inch 
would ('oYer 3,0:27,000 sCjuare incile"" of pnpe1' aI1(1 measure 
about 240 by 180 feet. Each square mile of ground Sll1-iace 
wonld be rcpre!:lented hy a inch of map surfllee, and a 
linear mile on the ground a linear inch on the map. The 
seale mav be also a fradion, of whieh the numer-
at.or is a" 011 the map and tue denominator the eorre-
spondiIl)!; lengt.h in nature expressed in the same unit. Thus, 
as there arc 6:3,;~60 inehe!:l in a the scale"] mile to the 
inch" i8 by the fraetioll 

Three are used on the sheets of the Geological 
and (\~.:-'()IJ' eorresponding approxi­

mately to -4 milt's, and 1 mile on t.he ground to an 
inch on t.he Illap. On the seale of a bquarc ineh of map 
surface ahout 1 square of earth surt"i-lee; ,on the 
scale of a bout. 4 s<)unre milf's; and on the se<lle of ~OOJ , 

alJOltt 1G '3CjIUlTe mile8. At the botton! of each atlas I:llwet the 
scale is in three a graduated line repre­

a similar line indieating 
a fraction. 

"U""""U"I(".·~j "cmap of the Unit.ed Stat.es 
is being shedS of eOllvcnient size, wlrieh 
represent areHS houl1(lc,d pamllelb awl meridians. ThCBe 
~neas are called qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one s(llUl.1'e degrec~that iB, <L of latitude by a 
degree of longitude; each sheet on thp of reprcbents 
one-fourth of a square degree, and cHch sheet on scale ot 

one-I'lixteenth of a square degree. The areas of the corre­
sponding quadranJ!;les are about 4000, 1000, and 2;)0 square 
Uliles, thollgh HH'y \"ary with the lat.itude. 

The atl:lS sheck;, heing only parts of OlJe map of the United 
States, are not limited by political boundary lines, such as 
those of SLates, ('ounties, an (I tow nships. Many of t.he maps 

arell" lying in two or m'en three States. To each 
and to the quadrangle it represents, i::; given the name of 

some weJl-known town or nntural featurc within its limits, and 
at Lhe sideB and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if the maps are published, 

THE GEOLOGIC MAl'S. 

The nlHpb l'eprt'6entillg the show, eolors and 
conventiowil Bip;ns printed on topographic map, the 
di:3tribution of roek musses on the surface of the land and, by 
means of structure sections, their underf!;round relations, so far 
as known and in suell detail as the scale permits. 

KDi'llS OF lWCKS. 

I{oeks are of Ulany kinds. On the geologie mnp they are 
diRtinguishecl a,'l igneous, sedimentary, and metamorph~c. 

19n~'lms 1>oclcs.~Rocks that haw cooled and consolidated 
from a I'llate of fusion are known as igneous. Molten material 
hay from to t.ime IJeen forced upwanl in fissures or ehan-
lIe1,.; of and sizf's through rocks of all to or 
lI(;arly to t.he Itocks formed by the of 
mohen material, or magma, within these ehannels~that is, 
below the suriu('/'---;-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximately pm'allel walls it is 
called u where it fills a large and irregular conduit the 

termed a i:jloch:. "\Vhero molten map;ma trayerses strat-
ified rocks it be intruded along hed.ding planes; sueh 

or 8hed.s if eomparati\"ely thin, and lacco­
chambers prod ueell by the presslll'e 

roek molten material cool~ 
slowly, rocks are generally of 
crystalline texture. vVhere the channels reach the surfaee 
the moltell material poured out t.hrough them i!:l called lwva, 
aud lavas often build up volcanic mounli:lins. rocks 
that. ha \"e solidified at" the sllrface are called 
Lavas generally cool murt:' rapidly than intrllsive 
a:--1 a rule contain, e!:lpt:'f'ially in t.heir superJieial parts, wore or 
lesH voleanic produced by rapi(l ehil1illg. The outcr parts 
oflanl How,:;; are UHtwlly porous, owing to the expansion of' 
the gaBe8 originally present in the magma. Explosive action, 
due to these gases, often accompanies volcanic eruptions, 
causing cjeetions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when eOllsolidated, constitute breccias, agglom-

and tuffs. 
l'oclcc~.-Uoeks composed of tho transported 

fragments or partieles of older roeks that haye undf'r~one 

dil:lintegration, of volcanic ejecta deposited in lakes and seas, or 

of materials deposit.ed in sueh water bodies by ehemical precipi­
tation are termed sediuu:nta1-Y, 

The ehief ngent in the trflnsportation of rock Q-ebris is water 
in motion, illduding rain, streams, and ihe water of lakes awl 
of the sea. The materials are in large part carried as solid 
particles, and the are then said to he mechanical. 
Buch arc which are latel' consolidated 
int.o Sfllldstonc, shale. Some of the mate-
rials are earried in soluLion, and deposits of these are called 
or,!!anic if formed with the aid of life, or ('hclIIical if formed 
·without the aid of life. The more important roeks of chemical 
and organie origin are limestont', ehert, salt, iron on" 
peat, lignite, and coal. Anyone of the named 
may be f'\epamtely formed, or the diITerent he 
intermingled in many wayl'l, produeing a great variety 

AnodiCI' transporting ag-t'nt is nil' in llIotion, or wind, ~md a 
third is icc in mot.ion, or glneiers. The mORt characteristic of 
the wind-borne or eolinn deposits js loess, a fine-grained earth; 
the most characteristic of ghcial deposits is till, a heterogeneous 
mixture of bowlders and pebbles wit.h day or sand. 

Sediment.ary rocks arc usually made up of Illyt'r",. or beds 
which can be separnted. TheBe fire called .strata, 
and rocks in such layers are t.o be strlltified. 

The snrfaee of the earth is n~t immomble; 0\ er wide regions 
it \'ery slowly rises or sinks, with referencc to the sea, and 
Rhore . lint's ~re thereby changed. ) ... s a result of upwarcl \ 
moyement marine sedimelltmy, ro(~ks may hecome part of the 
land, and most of our land areas are in faet occupietl by rocks 
originally deposited as sedilllents in the 

Rocks exposed at the surf[~ce of t]le air, 
watf'r, ice, animals, and plants, 
known as bacterin. They and more 
soluble parts arc leachp(l ont, the matf'rial being 
left as a residual laver. \Yater washes this material down 
the slopes, and it. is c~'elJt.ually carrietl by riYers t.o the,oeean or 
other bodies of watt'r. PSllally its journey is not eontinuous, 
but it is huilt into river bars and flood plains, 

_·Uln \·ia1 glacial deposits 
df'p()~its belong to 

layer is commonly inelnded 
Their upper parts, o~cupied by th~ roots of 

eOll:'!titute soils and subsoils, the soils being usually 
dist,inguisim! by a notable admixture of matter. 

Hnd by various 
processes, rocks may in com position 
and in t.exture. If the new pro-
nouneed than the old such rocks arc called In 
the of metamorphism t.he cOllBtituents of a chomi(,~ll 

enter into new combinations nnd ecrtain substances 
may be or new ones added. A complete gradHtion [rom 
the primary to the metmnorphie form may exist within a 
single rock mass. Such changes transform sandstone into 
quartzite and limestone into marhle and modify other rocks 
in various ways. 

From time to time during 
been deeply buried and hayc to enormous 
pl'essures, to slo\v movement, and to igneous intrusion have 
been afterward raised and later exposed by erosion. In snch 
rocks the original structures may h:1\ e been lost entirely and 
new ones substituted. A system of planes of division, along 
which the rock. splits most. readily, lUay have been deyeloped. 
This structure is caHed and may cross the original 

roeks cbanwterized by it 
Crvstals of mica or minerals may have gr~wn 

in tbe rock in "such a as to produce It laminated or foliated 
structure known as The rocks characterized by this 
structure arc schisfl3. 

As a rule, the oldest rocks are most altered and the young,=,l" 
formations haw eseuped metamorphism, hut to this mle there 
are many iIllpOlinnt t.'o'lpeeially in l'egiolls of igneous 
activity [mel complex 

TOlOl.A.TlO.KS. 

For of 
above are into A f(edimentmy 
formation l'ollt.ains bet~yeen its upper and lower limits either 
rocks of uniform eharad~r or rocks IlIore 01· 1css uniformly 
"\\il.riell in charader, for example, an alternation of shale and 
)jmestone. \Vhere fn}m one kind of rocks t.o 
another is gradufll it. may Twet:'Sf(ary to two contigu-
ous formations by an arbitrary line, aTHI some cases the 
disLill(~t.ion depends almost. <"nt.irdy on the contained fossils. 
An ignt'ous fOl'mat-lon eont.ains one or more bodies of one kinel, 
of' similar occurrence, or of lik:e origil1. .r\ metanH1l11hie for­
mation lllay eOlwist of rock of uniform rharacter or of se\ eral 
roeks having comIllon eharaetel'i:3tics 01' origin. 

\Yhen for seientifi(' or el'onomie reasons it is desimhle to 
reeogni.ze and map one 01' more deyploped parts of ;J 

yaried formation, such parts arc member8, or In' oom(' 
odler appropriate term, as '(!ntil.i:J. 

.\GER OF ROCKS. 

Geoloy'ic ti1lie.~The iime during which rocks ·were made is 
divided into peripds. Smaller tim~ di visions are called epochs, 

/I 
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and still smaller ones stages. The age of a rock :is oxpressed 
by the name of the time interval in which it was fonned. 

The sedimentary formntions deposited during a period are 
grou}1f'd to,e:f'ther into a 8Yl:Jtent. The pl'illeipal divisions of a 
system are ealled 8(Tie8. Any aggregate of formations less 
thlul a Rf'rie); is called a !Jrollp. 

Inasmuch as sedimeIlta:r;y deposits accumulate successively 
the youn~er rest on those that aro older, and their relative 
ages may be determined by observing their positions. In 
many rcpjons of intense' disturbance, however, the beds have 
been o\'ertnrned by folding or superposed by faulting, so that 
it may be difficult to d(,tcrmine their relati \"e from thcir 
present positions; under !:lUch eondiLi,ons. if prcscnt, 
may indicate which of t.wo or moro formations oldest. 

Many stratified rocks contain the remains or 
imprints of plants and animals at time the strata 
were dcpositcd, lived in bodies of ,ynter or were ... \ashed into 
them) or were bmied in surficial deposits 01] the hlncl. Much 
rocks: are ('aIled fossiliferous. By studying f()ssils it has 
been found t.hat the life of each period of the earth's history 
was to a extent different from that of other periods. 
Only the kinds of marine life existed when the oldest 
f()ssiliferom; rocks were deposited. From t.ime to time more 
complex kinds awl as the 8impler ones lived on in 
modified forms life more varied. But during each 
period there lived peculiar forms, did 1Iot exist in ('arher 
timl:'s and lwve not existed sinpe; are c/w/Ylcieril5tic types, 
and they define the tlp:e of any bed of roek in whieh they are 
found. Other types passed on from period to period, and thus 
linked the forming a chuin of life from the 
time of the rocks to the present. 'VJlere 
two seuimcntHry formations are rernot.e from eac·h other ami it 
is impossible to obscrYe their relative positions) the eharncter-
istic fossil found in thcm may (Ietermille which 'was 
deposited Fossil remainR in the strata of different areas) 
provinc(~8, and C"ontineuts afford the 1ll08t import.ant meHns for 
comhining local histories into a earth hist.ory. 

It is J]lHllY places diffieult or to df:'terllliue the age 
of an igneons frfrlllation, hut rlw rdatiw age~of sndl a fi)rm;l­
t.iOll ean in generaJ be ascertailled by 
associated sedimentary formation of known 
igneous lllfiRS or is depositetl upon it. 
which llletalllorphir' rocks \\ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the recohled on Dlfip i.., that of the 
masses and not. of diCir metamorphit>lll. 

culon;, and pa.tiaus.-Ench fi)l'lnation is shown 011 

the map hy a dist.inetive combillation of eolor awl pattern allii 
is'lalwled hy a speriallett.cr symbol. 

Patterns <COlllPOAPd of parallel 
fOl"l1lat.ions 

lineR are mwd to 
ill tlw jnlakes, 

tlots awl 
C'irdes idluvial, nnd eolian i{ll'lfllltions. Pat-
terllS of and rhombs arc u::;ed for ignf'ous fi)l'IllaLions. 
:Metamorphic rO{'k8 of unknown origill are 
ShOli, <l~:shes placed; if the ';.()(,k is 
may lw \\avy lines pm'Hllcl to the t>truetll1"e 
Suihlble THlttel'llR an' used 10r met.amorphie 
tion::; known to he of or of igneous origin, The 
patterns of eaeh cla:".., are in variom.; (~().IOl'S. \Vith the 
patt.erns of parallel colors are ui;!ed to indieate ag{~) a 
particular c0101' to CHell t>YStelll. 

The s\'mbols of two or more lettf:'rs. If the age 
of a fOl'~ation is known the snnhol includet> the 
bol, whit'h is H eapital lett!'; 01' monogram; 
symbols ate ('0111po",ed of small letters. 

sym­
tllC 

The llamPS of t.he systems and of sl:'ries that have heell given 
distinctive in (mlpr f!"Om to oldest) with the 
color and assigne(l to 
subjoined 

Symbols and coloTl, a8.~if}ned to the l·ock systems 

By.tAll 

f'TTRF.\CE l'O.l:GUI:'. 

lIillEl, Ynl1t'ys, 1ll1d 1,11 oiher snrfflce form8 Iwyl:' beeD produced 
F9r example, most the result. 

strea1ll8 that llcnr through 1), 
plains hOJ"(]!'ring- mall)' streams were up 

hv the st.Teams; \\<lves cut 8{,11 ()lifI;" nml, in cooperation \\ith 
c~rrellts, "(mild up sano spits aIld ham. Topographic form" 
thus conEltitute part of the rc{'ord of tIle of tJ]P !'tl.rth. 

Some ionns are insepllrably eonllecf,cd with Tlu, 
hooked sh9wll in figure 1 is an illustration. To thi8 dnes 

alluvial plain8) lava streams, drumlins (smooth 
of till)) and moraines (ridg-(·s of drift made 

at tilC Ot.her formc are produced by crosion. 

The sea cliff is an iHustration; it may be carved from any rock. 
To this clnss belong abandoned river channels, glacial furrows, 
and peneplains. In the making of a stream tf'IT1WC an n 11uvial 
plain is first built and afttrward partly eroded flwny. The 
shaping of a 1Ila~'iIle or lacust.rine plain i~ ul'lual1ya douhle 
process, hills being- Vlorn awa.y (degraded) and yalleys being 
filled up (aggraded). 

AU parts of the land surfaee ate suhject to the aetion of air, 
water, and ice) \'1"11ich slowly wenr tllem down) and streams 
carry the waste mat€rial t.o thc sea. As 1.he Jep~'nds Oll 

the £low of water to the sea, it ean no,t ('anied belo'w sea 
level, and t.he 8ea is therefore called the ba8(:;-./et'el of erosion. 
Lnkes or larg: rivers may ddc,rmine IOCld hase-Ievels for certain 
regions. When a large truet is for a long time undisturbed hy 
uplift. or suhsidence it is degraded m·arly to basc-level, tmd tIll:' 
fairly even snrface thus produ('etl is called If the 
tract, is aft€l"w:m.1 uplifted, the ele\ated 
re('ord of the former close·relation of the tract. lo base-level. 

'1"111: V~UtlOUS GEOLOGIC i'lHEE'l"::'l. 

lllap ::lho'wing the areas occupied 
is called an areal geology map. On 

,vhicIt is the key to tIle map. To as('el'­
tain the meaning any color or pnttern and its lett.Pr symbol 
the rfwler should look for that color) pntteTIl) und symbol in 
the where he will find tIle name and description of the 

Hit is desired to find p:nt:icular format.ioll) it.., 
name should be sought in the and its color and pattern 
llOted; well the areas on the in color lind 
pnttf'Tll may be il'aeed out. TIle also a partial state-
ment of tile ,e:eologic history. In the mlme8 of formations 

according 
unknown 

group t.hey ure placed in the order 
RO far as known, t.bc youngl:'st at. the top. 

map.-The map reprf'sfmt.ing the distribu-
tion of and roekl::' ,ina their relat.ions 
to the topogruphic fpatures find to the 
~erlIled the economic Heolog!l map. The that appear 
Oll the areal geology lllnp arc usually shown on t.hic map by 
f1lint.er color and the areas of produdive formations 

(~()lors. .A minc symbol shows the 
or qualT,v and is accompfillied tll(' 
mineral mined or stone If 

Jllining indust.ries or arletlian in the 
nHl})" to show thuse additional economic features 
in tht' folio. 

shaftl', and otJler 
different beds to 

clltting thnt exhibits those 
a sectiun) and the same term IS applied to a 

renTC'S,,,>t>;ng the rebtions. The arrangeIDf'ut of'rocks 

arrdn~,emenLis ('jllled <l :;lrudut'(J .~ecti()n. 

is llOt limited, flOwever, to naturnl and arti­
for hi" iuforlllnt.ion eoncerning the earth)::l 

the mallncr of fi)rmation of rock::; and 
thc b('(l::; on the surface, 

they P11",S benclith the 
surflwe and ('an draw repl'l:'s(·nt.ing the strueture to a 

eOllsi<i('rable dept.h. i:"3uch a see~iou is illust.rated iIl flgure~. 

t'IGURR 2.-Hketch ~howing a venieaJ section at the front and It landscape 
beyond. 

The figure represents a Iandsrape whieh is Gut off sharply 
in the foreground ou a vcrtieal plane) so as to show the 
underground relations of thc rocks. The kinds of rock are 
indicaLed by appropriate patterns of lines) dots, and dashf:'-I:l. 
These patterns admit of mueh variation) but those shown in 
Ggure a are used t.o rcpresent the commoner kinds of roek. 

':l=cl"t<>n~HalHl~'Hl' 
glolJl<"c!l.te, 

ShaJylm19st0]1CS 

l',Hl;RIi: 3 -SYlllholB 1l6ed ill sectioIlB to represent different kinds of rO(Jk~. 

The plateau s.hown at the kft of figure 2 presents t.oward 
the lower land an escarpment, or fi'ont, \\hich is .made up of 

sHndstones, forming the cliffs, and shales, cOll.'ltituting t.he 
slopes. The broad belt. of lower land IS t.raversed by scveral 
ridges, which are Beell in the scction to correspond to· the oui­
('rops of a hed of sandstone that rises 10 the sllrf~lce. The 
upturneti f'Clge8 of tIlis hed form the ridges) and the inter­
mediate valleys follow the outcrops of limest.one and calcareous 
shale. 

'Yhcre the edges of the strata appear at the surfaee their 
thickness can he measured and the angles at which thcy dip 
helm·" the sllrffwe can be obsel'\"eJ. Thus their positions 
underground can be int"(·l'red. The direvtion of the intersee­
tion of a lied widl a hOl~zolltal plane is called thc ,~lrike. The 
iudinntion of the bed to the horizontal plane, measured at 
right angles to t.he strike, is called t.he dip. 

Tn many regions the strata are bent into troughs and nrches, 
sllch as are seen in 2. The arches are eflllt'(l anticlines 
and the troughs As the sandstones, shales, aud 
limestones were deposited beneath the sea in nearly flat sheets, 
thc fltct that dley arc now bent. and fcildf'd is proof that forcE'S 
haye from time to time caused the earth)s curface to wrinkle 
along certain 7.On('s. In plaees the ",trat.a arc broken across 
and the parts haye slipped paC'll other. ~uch brenks are 
tel'me(ljaults. Two kind", are ",hown in iigure 4. 

At the rigllt of figure 2 the seetion ::;11ows schists that are 
tra ,"ersed by igneous rocks: The schists nrc much contorted 
:lnd their arrangement uwlerground can not llC inferred. 
Hence that. portion of the· section delineates what is probably 
true but i~ not known by ohseryation or by well-fOlUlded 
inference. 

The sf:'ction also shows three set." of f01'lImlioIlS, distinguished 
by their underground rehltions. The uppermost set., ~een at 
the left) is made up of sandstOlws and sbales, which lie ill a 
horizont.al position. These Elt.raw were laid dO'wn under water 
hut are now hi,e:h above the Sell, forming a plateau, Hnd their 
ohange of ekmtion shows that u portion of the earth)s mast< has 
beell uplifted. T!lC strata of tili", set are parallel, a relatioil 
whieh is called cm,ero/·muolC. 

The s('cond set ('OnsistR of strata tlwt have be-en 
folded into arches and troughs. These strata were Ollee COll­
tiUIlOUR, but t.he crests of the arche.,:> htl\Te b;'en remo,'ed bv 
erosion. The beds, like those of the li1"8t set, ate conformabl~. 

The horizontal strata of the plateau rest upon the upturned, 
erodpd edges of thc heds of the cecomI set. shown Ht HIe left of 
the section. The overlying are, from their position, 
e,·idently younger than t.he deposits, and the bend-
ing awl t'Toding of the older beds must have oe(,IIlTed betwc~n 
tIlf'ir deposition and the Hccnmulation of the younget beds. 
The roeks arc to the older, and the 
suriuee i", lill "nconformity. 

The third set of formations ('onsisti,; of crystalline s('hists and 
igncou", roelo::s. At ",onle period of their history the schists 
were folded or by prf'cSl1r.c and t.raversed by emptiolls 
of moltell But the pressuTe and int.rusion of igneous 
ro(·kg have llot affeeied the overlying stmta of the serond set.. 
Thus it is evidellt that a con8idemble int.enal elapsed between 
the formation of the sehists and the beginning of deposition of 
the st.rata of the second set. During tJlis interyal the sehi,<;Its 
were metamorphoscd, they were tlisturbed by cruptive 
and Lhey were deeply eroded. The contact between the 
lmd third sets i~ another unconformiLY; it. marks a t.ime 
intenal bet.\\een 'two periods 'of rock forrr;ation. 

The section and landscape in figure 2 are idf'al, but t.hey 
illustrnte aetnal relalions. The sections on the sll'ueturL'­
spetion sheet arc related to the maps as the seetion in the 
figure is related to the landscape. The prolile of the surface 
in the section corresponds to t.he actual slopes of the ground 
alonj.!; the section line, and tJlC depth from the surface of any 
min~ral-producing or water-bearing stratum that appea.rs in 
the section may be measured usillg the seale of the map. 

Columnar secLion.-The maps arc usually accom-
panied by a c()lumnaJ~ :;('ction, which eontains a eoneise 
description of the sedimentary forlllation~ that oecur in the 
qU~idrangle. It presents a summary of lhe filets relating to the 
<charadeI' of the rocks) the thi(~kness of the formations, awl thc 
order of aeeumulation of ::lu(:('essi ve deposits. 

The rocks are briefly described, and their eharaders are 
indicated in the eolumnar diagram. The thieklle",scs of for­
illations are given in iigutes thaL strite the least and greatest 
meIL'lurements, and the thickness of citeh formation is 
shown in the eolulllTl, which drtlwn to ceale. The onJer of 
aceulllulation of t.he sediment", is shown in the columnar 
arrangement.-the oldest being at the hottom, the youngest at 
the t.op. 

The intervalt> of t.ime that correspond to events of uplift. and 
degradation and eonst,itute iut.erruption::; of deposition are 
indicat.ed graphicaUy and by thc word" unconformity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION OF THE FOXBURG AND CLARION 
QUADRANGLES. 

INTRODUCTION. 

LOCA'l'ION AND AREA. 

The Foxburg and Clarion quadrangles are in western Penn­
sylvania, .mostly in elation County, but partly in Armstrong, 
Butler, and Venango counties. The quadrangles extend from 
latitude 41 0 to 41 0 15' and from longitude 79° 15' to 79° 45', 
the line .of 79° 30' being the boundary between them. (See 
fig. 1.) Thus each quadrangle includes one-sixteenth of a 
square degree of the earth's surface and measures approxi­
mately 17 miles from north to south by 13 miles from east to 
west, and the two quadrangles cover 450.12 square miles. 
The principal towns of the Foxburg quadrangle are Foxburg, 
Emlenton, Knox, St. Petersburg, Callensburg, Parkers Land­
ing, West Monterey, Rimersburg, Petrolia, and Baldwin. 
Those of the Clarion quadrangle are Clarion, the county seat, 
from which the quadrangle takes its name, New Bethlehem, 
Sligo, and Stratton ville. The exact latitude and longitude of 
the ~lOundaries of the quadrangles have been determined from 
triangulation stations on the tops of some of the most prom­
inent hills in the region. These stations have been connected 
by triangulation with Maryland Heights and Sugarloaf sta­
tions of the Coast and Geodetic Survey, computed on United 
States standard datum. Descriptions of these locations are 
given in Bulletin 181 of the United States Geological Burvey 
(p.68). 

The general altitude and configuration of the surface of the 
quadrangles are shown by means of contour lines based on 
precise levels run by the Pennsylvania Railroad and by the 
United States Geological Survey. The elevations in the Fox": 
burg and Clarion quadrangles are based on the Geological 
Survey precise-level line from Franklin to Pittsburg along 
Allegheny Hiver. ]'rom this line at Parker and Redbank 
lines of primary level were'run in 1905 to control the topog­
graphy of the quadrangles. The bench marks set in that 
work are described in Bulletin 288 of the United States Geo­
logical Survey. The relation of the Foxburg and Clarion 
quadrangles to other quadrangles of western Pennsylvania is 
shown by the key map forming figure 1. 

FIGURK 1.-lndex map of western Pennsylvania. 
Darker ruled area GOvered by Foxhurg-C1arion folio. Other pubJi~hed folios indicated by lighter 

ruling. !IS follow~: Nos 82, Masontown-Uniontown: \12. Galues; 93, Elkl"lld·"Tiogu.; I4, 
Browllsvllle_Conne1ls"llie; 102, Tndiana; 110, Latwlle; 115. Kittanning; t~l. Waynesburg; 
129, Eld .. rs Ridge; 125, Rural Va.lley: IS8, Eb~n8burg; IS!, Beaver: 141, -Amity; 146, Rogers­
ville; 100. Accident-Grantsville; 1611, WatkiQ8 Gien-Catatonk; 170, Mproornburg-Ch&ulhers· 
hurg; 172, Warren; 174, J"hn8town: 176, Sewieklt>y; 1'1'1, Burg<!ttBtown-Carnegie. 

In their physiogrnphic and geologic relations these qtlad­
rangles form a part of the Appalachian pNvince, which 
extends from the Atlantie Coastal Plain on the e~st to the 
Mississippi lowlands on the west, and from the Gulf Coastal 
Plain on the south to a limit beyond the northern boundary 
of the United States. 

To understand broadly the meaning of the physiographic 
and geologic features of so small an area it is necessary first to 
study briefly the physiographie and geologic features of the 
provjnce in which it lies. 

"Geology of the Foxburg quadrangle and surficial geology of the Clarion 
quadrangle by Eugene Wesley Shaw; pre-Quaternary geplofi;Y of the 
Clarion quadrangle by Edwin F. Lines; geology of oil and gas deposits by 
M. J. Munn. 

By Eugene Wesley Shaw, Edwin F. Lines, and M. J. Munn.n 

OUTLINE OF THE GEOGRAPHY AND GEOLOGY OF THE 
APPAIJACHIAN PROVINCE. 

SUBDIVISIOKS. 

Topographically and geologically the Appahwhian provinee 
is di vided into two nearly equal parts by a line that follows 
the Allegheny Front through Pennsylvania, Maryland, and 
'Vest Virginia, and the eastern escarpment of the Cumberland 
Plateau ucross Virginia, Tennessee, GeOrgia, and Alabama. 
In Pennsylv~lllia this line passes in a northeast-southwest 
direction from southeastern New York to western Maryland, 
as shown in figure 2. 

FIG-URK 2.-Map of the northern part of the Appalachian province, showing 
its physiographic divisions and its relation to the Coastal Plain. 

Immediately east of the Allegheny Front is a wide belt of 
deep valleys and high ridges termed the Appalachian Valley, 
and east of the Appalachian Valley in Pennsylvania is a belt 
of moderately dissected upland known as the Piedmont Plateau. 
The area west of the Allegheny Front, including that occupied 
by the Foxburg and Clarion quadrangles, is a moro or less 
dissectpJ plateau region, which was -designated by Powell the 
Allegheny Platea,u8, but more recently, by the United States 
Geographic Board, the Appalachian 1)lateau. The rocks east 
of the Allegheny Front are greaily folded and in part altered; 
the rocks west of it are only slightly folded, and those at the 
western border of the area lie nearly flat. 

APPALAOHIAN PLATEAU. 

The Appalachian Plateau is drained almost entirely into 
Mississippi' River, but the northeast end of the region drains, 
into the Great Lakes and into rivers that find their way to the 
Atlantic Ocean. The principal southern tributaries of the 
Ohio are, ,from west to east-the Tennessee, Cumberland, 
Kentucky, Licking, Big Sandy, Kanawha, Little Kanawha, 
and Monongahela. These streams drain the higher part of 
the plateau. Their gradients are in generul adjusted, their 
profiles are concave" and their fall is considerable. Their 
courses are, however, somewhat meandering, though in the 
main direct. It is probable that many of the cnrves are 
inherited from the time when the plateau was a. plain and the 
streams, which were then more sluggish, flowed in winding 
courses. 

The sE'Ction of the plateau lying north and west of the Ohio 
i-s sma.ller and drains into that river by way of Scioto, Mus­
kingum, and Allegheny rivers and numerous smaller streams. 
These. streams have both minor and major irregularities 
though none of them are very indirect. They differ some­
what from the southern tributaries because they drain a lower 
district and all of them have had to carry glacial waters and 
glacial debris. In eastern and southern Ohio the general slope 
of the surface is to the northwest, away from Ohio River, and 
hence the streams there are not so active as those coming into 
the river from the southeast. But in preglacial time all the 
streams north of central Kentucky probably flowed north west­
ward -and discharged their waters through the St. Lawrence 
system. (See fig. 8.) The encroachment of one of the 
eal·lier of the great ice sheets closed this northern outlet 
and established new drainage lines across old divides, so 
that the upper Ohio and its prineipal tributtlries have been 
forced into their present courses' by glaciation. Indeed, in 
preglacial time there was no upper Ohio; the valley through 
which the upper river now flows is in part new and in part 

made up of sections of several, pregladal valleys. As the 
Foxburg and Clarion quadrangl~ lie within, the 'area of 
modified drainage, this feature will be deseribed in detail un~er 
the heading" Drainage/' on page 2. 

In the southern half of the province not only do the 
westward-flowing streams drain the Appalachian Plateau, but 
many of them risf\ near the summits of the Blue Ridge ,and 
cross the Appalachian Valley as welL 

RKLIJCF. 

The surface of the Appalaehian Plateau is ill reality made 
up of a number of plateaus of different altit.udes a'nd extent~ 
These plateaus are the uplifted a'nd now mueh dissected rem­
nants of ancient peneplains. One of the oldest and 'highe.."lt of 
the disseeted plains seems to ex.tend along nearly the whole 
length of the southeast margin of the plateau. A peneplain 
which is well preserved in the vicinity of Schooley Mountain, 
in northern New .Tersey, is known as the Schooley peneplain. 
What appears to be the same surface in TerineSi'l6e and Ala­
bama is known as the Cumberland Plateau. It is possible, 
however, that further work will show that this surface is in 
reality made up of two or more plateaus of different ages. 
This plateau is so greatly dissected that its real character"is not 
everywhere apparent. In western Pennsylvania there seer;n to 
be two uplifted peneplains. One, which may correspond to the 
Schooley, is poorly preserved und ranges in altitude from 2(X)O 

feet in the northern part of' the State to about 2600 at the 
southern boundary. Apparently this plateau continues to rise 
as far as eentral West Virginia, where it reaches its culminat­
ing height of' 4000 feet. In the northern part of the plateau 
the sandstones of the Pottsville formation have held consider­
able areas inta,ct, but in the southern part, where the rocks 
are soft, even' the plateau eharacter has nearly disappeared. 
Thl'oughout most. of the provinee' there are ridges that ri8e to 
a greater height than the surfa<;e of this plateau. 

The remnants of the higher peneplain slope toward, the west, 
but are separated from the next lower plateau by an escarp­
ment. In Pennsylvania this lower plateau is called the Harris­
burg plateau; bec:mse of its de\Telopment in the vicinity of 
Harrisburg. It seems to correspond with the Highland 
plateau of Tennessee and the Lexington Plain of Kentueky. 
In Tennessee the dividing escarpment has a. height of 1000 
feet, but it is not pronounced in-Pennsylvania except along 
Chestnut Ridge, and there' the surface of the upper platean 
is so greatly dissected that it can be recognized only with 
difficulty. In t.he c-entral part of' the-State the plateau surfitees 
approaeh each other and the esca,rpment merges into a maSs 
of hills. The' lower plateau seems to rise from .an altitude 
of 700 or 800 feet in Indiana to 1000 feet in Ohio, 1200 to 
1300 feet in southwestern Pennsylvania, and 1600 to 2100 
feet throughout north-ern Pennsylvania and sonthern ,New 
York. The Foxburg and Clarion quadrangles-1ie in a region 
in whieh the lower peneplain was widely developed, but the 
ilTegularity in the altitude of the hilltops makes it doubtful 
whether more than a vestige of the old surfaee remains. How­
ever, its effect on the topography of these quadran~les becomes 
evident when it is noted how constantly the higher hills -nse to 
nearly the same elevation, and it is visible to the eye in the 
level skyline seen from any of the higher hilltops. Although 
this low(lr plateau is mReh dissected in Pennsylvania., it is 
less so than the upper one, and in Kentucky and parts of 
Tennessee it is a nearly featureless plain. 

Below the Harrisburg plateau there are surfaces of concord­
ant elevation, which seem to have been developed in later 
stages of erosion. One of these, which covers eonsiderable 
areas in Tennessee, western Kentucky, and Indiana, is obscure, 
if present at all, in western Pennsylvania. 

HJ:gh lerraces and ahandoned vaUeys.-Many of the larger 
valleys of the province, particularly those tributary to the 
Ohio, ha.ve broad high terraces ranging np to 300 feet above 
the pl'esent stream channels, and lying 300 feet or more below 
the general upland surface. The terraces, which are all rock 
shelves covered with gravel, have been described in many of 
the Survey's folios on that region, and have been discussed in 
numerous other publications. Some 'of them bear glacial out­
wash gravel and others are capped with material of local 
deri vation, but as the two- classes are closely related, they 
will be treated together. The gravel seems to be stream­
deposited and commonly attains R' thickness of 100 feet. The 



terraces are found outside the limits of ,glaciated country on 
the Allegheny, Kiskiminitas, Youghiougheny, Monongahela, 
Kanawha, Guyandot, Big Sandy, Kentucky, and Ohio rivers, 
and many of their trihutaries. Associated with the te1'rl1Ce8 on 
all the ahove named streams are peculiar abandoned· parts of 
valleys. 

The formation on the terraces being unconsolidated, and to 
a large extent sand and silt, has yielded readily to erosion arul 
has been deeply dissected. Only the resistance of the under­
lying rock has prevented its complete removal from large arctls. 
The elevation of the upper surface of the terrace deposit is con­
sequently irregular, but it is in few plaCf's less than 1000 
or more than 1200 feet. In general the elevation increascs 
upstream from the Ohio, and especially to the north, toward 
the glaciated area. The rock floors slope like the upper sur­
faces of the terraC€s. Both Hre uneven, but in p;eneral they 
slope downstream. 

Elevat1"onJi, infeet, of high terraces in we~tern Pennsylwlnia. 

~.-.~'--~'.--~"~~~ Up~r !, Rock II P~<'RI'llt I 

Place. ~~~. ~':'~~~f 1 :floor. stream. ------1-1-Foxburg quadrangle 
1 mIle north of Callensburj: 110 1,180 1,100 970 

Tlll'Illphole 108 1 170 t ~:gto 930 

Mouth of Clarion River _ _ 102 1, 100 11.085 S46 
Mouth of Bear Run "_ 99 1, 145 1,025 S40 
Monterey __ 96 1,140 1, 015 832 

Kittanning quadrangle: 
Rcdbank __ 

Ford City __ 

New Kt'llsingtoll quadrangle: 
Tarentum ____ _ 

Carnegie quadrangle: 

, 

81 1,100 I 
58 1,025+ 

" 1,000+ I 

Allegheny I 22 1, 000 
Beaver quadrangle 

Beaver _ _ 978 

Latrobe quadrangle 
1 I1llle northeast of B!am. I 

050 

885 
aod 
980 

975 

898 

890 

810 

763 

725 

698.4 ! 

672 

210 

240 

304 

305 
308 

200 

262+ 

:106 

Burge:!~:O~~~~~.·;.';"."~I~":------1 80+ 1,1,COO 900 I 160 

Itg~~~O~~~~~:.s~_~~_~~_r~_ 28+ _1:~02S 1,Ut.'i ___ 9~!7_1_~ 
It ",-ill be seen from the foregoing table that on the large 

streams the upper limit of gravel is (!ommonly a little ovcr 100 
feet above the rock floor; that on the smaller streams the 
deposit is thin and lies at If?ss elevation above the stream, and 
that on such streams as carry no I!;lacial material, particularly 
on the Clarion, the deposit thins upstream. 

The st.ructure of the Appalachian Plateau is simple. The 
strata lie nearly fiat, and their regularity is broken only by 
small faults and low, broad folds. 

The most pronounced fold is a low, broad arch known flS the 
Cincinnati anticline. The main axis of this fold enters the 
Appalachian Plateau from the direction of Chicago, but a 
minor fold from the western end of Lake Erie joins the mBjo)' 
axis near Cincinnati. From Cincinnati the ant.icline extends 
southward to Lexington, Ky., and then southwest to Nashvillf', 
Tenn. 

Between the anticline and the Allegheny Front lies a broad 
canoc-shaped basin, which contains the Appalachian coal field. 
The axis of this trough lies along a line extending southwest 
from Pittsburg across West Virl!;inia, and all the rocks in the 
basin dip ill a general way toward this line. Around the north­
ern end 9f the basin the strata lie in rudely semicircular lines 
of outcrop and generally dip toward the lower or southern 
part of the trough. 

The eastern side of the basin is crumpled into a number of 
secondary folds which so break up -the regular slope of the 
rocks that at first sight the general westward dip is not apparent. 
To the west the folds become low and irregular, and, in the 
central part of the basin, beds that have an elevation of 2000 
feet at the Allegheny }I'ront extend below sea level. 

The Foxburg and Clarion quadrangles are situated in the 
northern end of the Appalachian coal basin. Here, as on the 
eastern limb of the trough, the general slope of the rocks is 
slightly modified by minor folds. 

The strata of the Appalachian Plateau belong to the Carbon­
iferous and Quaternary systems. The Carboniferous system is 
divided into three series, the Mississippian, the Pennsylvanian, 
and thl') Permian. The Pennsylvanian serie;;t contains most of' 
the coal-bearing rocks, or "Coal Measures," which make up the 
Appalachian coal field. The subdivisions of the Mississippian 
series that are represented in Pennsylvania are the Pocono 
group and the Mauch Chunk formation. The term Pocono has 
been used in other folios as a formation name, but, as will 
be explained below, it has been found desirable to subdivide 
the rocks in northwestern Pennsylvania al'd treat them as a 
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group rather than a formation. The Pennsylvanian series 
includes the Pottsville, Allegheny, Conemaugh, and Monon­
gahela formations. 

Mif5siscH·ppian scries.-The Pocono group is of nonmarine 
origin and derives its name from Pocono :Mountain, in eastern 
Pennsylvania, where it attains a thiekness of 1000 feet. The 
strata comprising it form a lithologic unit and have therefore 
been trf'Ated as a formation. In Ohio the equivalent stnJta are 
of marine origin and are easily and nahmdly divisiblc into 
sevcral units. In St.ate reports and other publications these 
units have been treated as format.ions and given formation 
names, and the formBtions have all beel1 inellided under the 
f,rroup name V\Tavcrly. In the Foxburg and Clarion quad­
rangles thc predominant phase of the Mississippian rocks is 
nonmariue and therefore Pocono group is still appropriate, 
although in this area the Pocono gTOUp includcs some marine 
deposits whieh comprise a part of the Waverly group to the 
west. 

Tn the type locality the Burgoon sandstone is made up 
chiefly of coarse gray sandstone, but it contains also beds of 
gray Bnd red shales. In a strip of country west of the Alle­
gheny Front. tile top of the Pocono is marke4 by a sandy 
calcareous member known as the Loyalhanna or "Silieeous" 
limestone, and the upper bOlllldary of the group is thus easily 
identifiable. But the Loyalhanna is absent from a large area 
in northwestf'rn Pennsylvania, and there it is difficult to locate 
the top of the Pocono. 

In other parts of Penns,ylvania the Maueh Chunk for­
mation overlies the Loyalhanna limestone. At 1-Ia.uch Chunk, 
the type locality, the formation is 2000 feet thick and is com­
poseu largely of red shale. On the Allegheny Front it is 
madc lip of about 180 feet of gray and grcenish sandstone and 
red shale, and 011 Chestnut l{idgc red shale predominates again. 
'Vcstward the formation decreases rapidly in thickness, and 
over large areas in western Pennsylvania deep-well records 
indicate that these rocks are missing entirely. This decrease 
in tLiekness is due mainly to erosion during the early part of 
the following period, during which the area was above sea 
level. The Mauch Chunk formation is not present in the 
Foxburg and Clarion quadrangles. 

PeRtlsyll'anian sC/'ics.-'1'he Pottsville, the lowest formation 
of the Pennsylvanian seri{:'s, lies unconformably upon the 
P\)('ono in Hlueh of weRtern Pennsylvania where the Mauch 
Chunk is llbsent. At Pottsville, the locality from whicili the 
JUline is tHken, it is mainly a coarse conglomerate 1200 feet 
thick. In the weBtern part of the StHte it is 12:) to 200 feet 
thick awl consists principally of tbe Homewood sandstone 
mem ber and the Connoquenessing sandstone I1ltTJl bcr. In 
some piflCel::l these members are separatcd from each other by 
shales with thin beds of coal and liIllestonc. At the base of 
thc formation the Sharon conglomerate member is found along 
the western boundary, where it is separated by shale and cOBl 
from the COtllloqueliessing sandstone member. The studies of 
Dayid 'Vhite have shown that the Pottsvillc of western Penn­
sylvania corresponds in age to the upper part of the typical 
Pottsville section, this area having been an area of erosion 
rather than of deposition during early Pottsville time. The 
Sharon coal and shale and conglomerate members were not 
deposited in the Foxhurg-Clarion quadrangles, where land 
conditions existed'longer than in the region fa'rther west. 

The Allegheny formation, although not so thick as the 
others, eontains in Pennsylvania more workablc coals than any 
other formation of, the Pcnnsylvanian series. It reaches its 
fullest development of 370 feet in the Allegheny River valley 
in 'western Pennsylvania. The formatiou is made up of a 
series of saudstonel::l and shales interbedded with coals, clays, 
and limest.ones, and docs not have the strongly marked sandy 
and conglomeratic chaTIleter of thc underlying Pottsville. 
Though massive sandstones are developed locally, the prevail­
ing sa.nustones nre finer grained and thinner. In the early 
geologie reportt! the formation is called "Lower Productive 
Coal Measurcs" to distinguish it from the" Upper Productive 
Coal Measures," which contain the Pittsburg coal. 

The Conemaugh formation, or, as it was formerly termed, the 
"I~ower Barren Coal Measures," is well developed on the 
Conemaugh River. It includes all the rocks from the top of 
thc Upper Freeport coal to the bot.tom of the Pittsburg coal, 
and in t.his area ranges in thickness between 600 and 700 feet. 
The rocks are predominatingly shale but include some sand­
stone. The formation is generally destitute of workable coal 
heds, although in some parts of the State tJlere are workable 
coals of small extent, in some places accompanied by thin lime­
stones 

The Monongahela formation extends fi·om the bottom of the 
I>ittsbnrg coal to the top of the Waynesburg coal. In the 
early lit.erature this formation was desil!;nated "Upper Prodnc­
tive Coal 'Measures." In thickness the formation ranges from 
300 to 400 feet.. It oceupies a comparatively small area in 
southwest.ern Pennsylvania and portions of' 'Vest Virginia and 
Ohio adjacent to Ohio River. The formation includes a rela~ 
tively much larger proportion of limestone than the under­
lying Carboniferous formations, more than on_e-tbird of its 

thiekness being made up of that rock. It contains several 
workable coals, of which t.he mORt important, not only in this 
formation, but in the Allegheny Basin, is the Pittsburj1; coal. 
None of the formation is present in thc Foxburg a.nd Clarion 
quadrangles. 

Permian .'ler,ies.-The highest rocks in the Carboniferous 
system comprise the Vunkard group, formerly (~alled "Upper 
Barren Coal Measures." This h'TOUP has a maximum thick­
ness of over 1100 feet. As sUj1;gested by the old name, it does 
not contain workable coal beds except in places where they 
la ve been locally developed. The formation is too high to 
appear in the Foxburg and Clarion quadrangles. 

GEOGRAPHY,' 

RELIEF. 

The surface of the Foxburg and Clarion quadrangles is hilly 
and well dissected by strea.ms, the relief of almost every square 
mile amounting to several hundred feet. However, so little 
does the general altitude of the surface vary that the highest 
hilltop is only 915 feet above the lowest point in the area. 
The lowest point in the Foxburg quadrangle is about 815 feet 
above mean sea level and the highest is about 1650. In the 
Clarion tJle extremes: of elevation are about 9l:iO feet in Red­
bank Creek and 17:-30 in the Clarion-Redbank divide. The 
hilly character of' the country has been produced by compar­
atively rceent stream erosion, and the general concordance in 
elevation is due to the penepla.nation which preceded the 
dissection. 

Perhaps the most striking topographic features are the 
canyon-like gorges of the rivers. Two miles southeast of 
Emlenton the Allegheny Valley is scal'Cely a mile wide but 
is 660 feet deep. Flood plains are narrow or absent and the 
farming are.a is on the upland, where there is much gently 
undulating cOlIn try. The rivers are crooked and have some 
very long CUf\'es where the streams double back, but the 
valleys are no shorter because the walls follow the streams 
around the meanders. The ca.m~e of the entrenching of these 
streams -is not known., It was pwbably Pleistocene or Plio­
cene uplift or tilting of the region or increased volume of the 
Allegheny sinee the enlargement of its basin, or perhaps both. 

The contours of the hills dcpend to some extent upon the 
rocks of which they are composed. In areas where heavy 
sandstone predominates the hillsides are steep and rugged, and 
where sandstone is the eap rock the tops of the hills are broad 
and £lat. Topography of the latter type is well developed near 
Bonus, west of Foxburg, nf'.-ar Rimersburg, and generally in 
the northel'll part of the quadrangles. Elsewhere the rocks are 
prevailingly shaly, and the hills have rounded tops and gently 
sloping sidf?s. 

Surface features of another group consist of stream-cut ter­
races and abandoned channels, which are well developed along 
the lower part of the Clarion, and continue down along the 
Allegheny below thc mouth of the Clarion. They arc also 
developed to some extent along Redbank Creek. 

Pall of streams in the Foxbu1'g and Clarion quadrangles. 

jo'oot per mile. 

AIlegheny River__ 8~ 

Clarion River, lower 14 miles__ 11 
Clarion River, next 15 miles____ 7 
Redbank Creek, lower 12 miles__ 16 
Redbank Creek, next 10 miles ___ _ 
Beaver Creek, lower 1 mile 110 
Beaver Creek, next () miles__ _ 36 
Bear Run, lower 4 miles_ _ 40 
Bear RUll. next 5t miJillL 25 
Hinkel' Valley R\lll, low .. r two·fiftllS milc _______ __ _______ 560 
Binker Valley Run, next 2 milCH _ 13() 

From the above tablf', a.nd n.lso by reference to the topo­
graphic map, it will be seen tha.t every stream which discharges 
into the Allegheny has a higher gradient near its mouth than 
it has farther back in its course. The topographic Illap shows 
also that the lower valleys of these tributaries are gullies and 
gorges, which widen upstream; and many of the small streams 
have flood plaius near their sourceFl-. These features are a 
direct result of a rejuvenation which the Allegheny has under­
gone in Qllilternary time. 

DRATNAGE. 

The region about Foxburg and Clarion is very well drained, 
swamps and swnding water being almost unknown. The 
master stream is Allegheny River, the seeond largest stream in 
western Pennsylvania., and its principal tributaries are Clarion 
River and Redbank Creek. 

The Foxburg quadrangle is divided into three segments by 
Allegheny and Clarion rivers. The run-off from the western 
segment reaches Allegheny River by way of Sugar Valley, 
Be.ar Creek, Binker Valley, Crozier Hollow, Birch, ArmstJ"Ong, 
Whisky, Cove, and Pine runs, and many other streams and 
gullies. The principal streams in the northern segment arc 
Shull Hun, Mill Creek, and Richey Run, flowing into the 
Allegheny; and Turkey Run, Beaver Creek, and Canoe Creek 
flowing into the Clarion. In the southeast segment the Alle­
gheny receives ~'ater from F'iddlers, Black Fox, and Catfis.h 



runs and several unnamed brooks; and the Clarion from 
Cherry Run !lnd Licking Creek. A few small streams in the 
southeast corner of the quadrangle discharge into Redbank 
Creek. 

AhOtlt two-thirds of the Clarion quadrangle drains into 
Clarion River and one-third into Redbal1k Creek. Clarion 
Hi ver crosses the north west corner of' the quadrangle in a 
southwesterly direction. North of the river the principal trib­
utary is Deer Creek. From the east and south the river 
receives l\Iill Creek, ,vhieh drains the northeast corner, and 
Piney Creek, which drains the eentral portion of this quad­
rangle. Redbank Creek erosses the southeastern corner of the 
quadrangle from Mayport to New Bethlehem and then, except 
for one or two northward bends, remains south of the quad­
rangle. The principal streams that flow into the Redbank are, 
from \Ovest to east, 'Vildcat Run, Leatherwood Uun, Leisnre 
Run, and Town RUll. The divide between Clarion Uiver 
and Redbank Creek extends northeastward from Himersburg 
station to the southern boundary of Monroe Township, and 
thence eastward along the southern boundary of Monroe and 
Limestone townships. 

The ayemge width of the Allegheny is about one-eighth of 
a mile, and its average discharge at Kittanning in lHOG was 
found to be 13,300 second-feet/~ In 1907 the mean discharj!;e 
was 16,100, and in Ul08, 15,800 cubic feet per second. A 
careful estimate based on these measurements places the average 
run-off from each square mile of this region at 1.62 cubic feet 
per second. 

Cbrion River has not been accurately measured, but its 
width is about one-quarter that of the Allegheny. The streams 
are similar in many respects, but the volume of the Clarion 
is more variable. In dry seasons its discharge is known to 
fall below 90 second-feet.. The volume of Redb!lnk Creek 
is also low in times of drought and high in times of flood. 
This variation is ascribed to the cutting away of forests from 
the drainage basins of' Clarion River and Redbank Creek. 

In order to set forth clearly the meaning of certain drainage 
features of the Foxburg and Clarion quadrangles, it will be 
necessary to make some general reference to Allegheny River. 
It rises in northern Potter County in passes about 2500 feet 
above sea level, and flows through McKean County in a 
northerly direction into New York. The sources of some of 
its tributaries are within 7 miles of' Lake Erie. After flowing 
westward through Cattaraugus County, New York, it enters 
Pennsylvania again at the northeast corner of Warren COllllty, 
and passes in a southwesterly and southerly direction through 
Warren, Forest, Venango, and Armstrong COUll ties, and thence 
south west to its j unction with the Monongahela at Pittsburg. 
The river iR about 325 miles long and its drainage basin 
has an area of 11,100 square miles. The peculiar course of' the 
ri\i"er and the arrangement of its tributaries has been generally 
explained as a modification resulting from the presence of the 
great ice sheet. 

Althoui2:h the entire area is hilly and appe..ars at first sight 
wholly irrep;lllar, there is more 01' less uniformity in the alti­
tudes of the hilltops. This becomes evident when the surfaec 
of t.he country is viewed from a high elevation. In such a 
vimv the minor sUl'face irreg1Jlarities are lost and the general 
eoncordance in elevation is a.ppa.rent. The general uniformity 
of' elevatioml ean also be ohserved on the topographic maps, 
which show that except in the area through whieh the Kellers­
burg Hnticline passes, there are a large number of rounded ~ll1d 
flat-topped hills, the majority of whidl range from 1440 to 
1540 feet. The generally accepted explanation of the uniform­
ity in elevation of the hilltops is that they are the dissected 
remnants of 1m ancient peneplain. 

As a "d101e, this uplifted peneplain now has the shape of 
a low ellipsoidal dome, the highest part being in ~lcKean and 
Potter counties in northern Pennsylvania. 11'rom an altitude 
of 2200 feet or more in that rf'gion the plateau deseends to 1200 
feet in sout.hwestern Pennsylvania and ,1)00 feet in the south­
eastern part of the Htate. The altitude of the hillR in the Fox­
burg and Cla.rion quadrangles indicates that, the present position 
of the old peneplain surface here is approximately 1.500 feet 
above sea level. 

As already noted, the hills on the Kellersburg antieiinf' 1HlYe 
a different altitude from those in the remainder of fhe quad­
rangles, averaging 100 feet. higher than those elRewhere, a 
condition ,vhich suggests a ridge on the old p~neplajn. 

In some parts of western PennsyIYania a Rubstage of erosioll 
has been recognized a hundred feet or so below the Harrisburg 
plateau, and bas heen called the Worthington. In the Fox­
burg quadrangle there is much territory lying at fln elevation 
of about 1400 feet" and it may be that this surface is to be 
correlated with the 'Vorthillgton. It is possiblE', however, that 
the agreement in altitude is merely a coincidence, since sur­
faces at this level are not ,videly developed. 

"Water.Supply Paper (J. H. Geol. Survey No. 20;';, 1907, p. 32. 
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The streams hfl,ve eut sharp valleys below the plateau surfaces 
just described, brit along the lower part of the Clarion and 
along the AlleghE'ny below t.he mouth of the Clarion the steep 
slopes are broken by terrnces, most of which stand hetween 
200 and 280 feet above the preo;ent stl'ea.lIl~. Thf'y aTe rock 
terraces, capped by a layer of gravel, which in many places is 
over 100 fect thick. The roek floor under the gravel has a 
more or less plane surface and at the time when the river 
flowed at that level the Allegheny Valley was somewhat broad 
and with steep sides. The floor of such a valley is called a 
strath, thouglHl typical strath is even broa.der than the floor of 
the old Allegheny Valley, which haR been given the name 
Parker strath because of iis excellent de\i"elopment at Parkers 
Landing, in the Foxburg quadrang·le. (Sec iiI!,'. 10, p. 12.) 

The Parker strath ·was not. continuous, but t.he valler was in 
places so narrow that the floor had no struthlike cl:;aracters. 
Bueh places were near the present sitE'S of Duteh Hill and 
Fredell and 1 mile south of Catfish. The valley was bl'oauest 
along the lower part of Clarion River, and here to-day are the 
broadest and most striking terraces. 

Closely related to the high terraces are the abandoned stream 
channels common in western Pennsylvania. One of the best 
example~ is t.he lloted Oxbow across the river from Parkers 
Lmding. A more detailed description of the terraces and 
abandoned ehannels and the stfltement. of their probable orig-in 
will be found under the heading" Historical geology." 

EF.FECT 01" TOPOGRAPlIY O~ CO.MMERCE AN"D AGRlCULTUHE. 

The character and direction of man's activities are always 
modified by the topography of a region. Broad and deep 
rivers give opportnnity for cheap transportation; rivers of' 
steep gradient furnish water power; stream valleys offer favor­
able routes for railroads and cut into water-hearing- strata and 
develop springs j and hills render outeropping beds of economic 
importance easily accessible. 

The streams have deeply dissected the region abol1t Foxhurg 
and Clarion, and this proeess has not eeased. A careful esti­
mat.e, based on hundreds of analyses of Allegheny River water 
at Kittanning, Pa., indicates that an average of 187 tons of 
mineral matter (l39 tons in Rolution and 48 tons in suspension) 
are being carried away from each square mile every year. 
This is equivalent to sf:lying that the average rate of denuda­
tion by water in this region is 1 foot in ahout 11,000 years. 

In the area UTuler discussion the Allegheny HiveI' valley is 
the most important artery of commerce. Though very little 
freight is transported by water, the valley bottom affords a 
uniform gradient for the Pennsylvania Railroad, which follows 
the eastern bank of the river, anu mueh local and through 
freight is carried along this route. The river flows in a nar­
row gorge with a Humber of long curves, therefore the railroad, 
which follows the bank of the river in the bottom of the gorge, 
is much longer than if it fol!o\'"ed a straight line, but the cost 
of building and operating the railroad over the long course, in 
which little cutting and filliug was necessary, is mueh less than 
would be the expense of building a Ii ne across interstrcnm 
areas, or even tunneling throngh the narrow necks, such as 
those at Wood Hill and East Brady. 

The Clarion is even more crooked tha.n the Allegheny, and 
though t.here is a narrow terrace which may correspond to the 
'Viscrtnsin terrace on the Allegheny, no railroad has been built 
along the stream and there are very few public wa.gon roads in 
the bottom of the valley. 

The, valley of Redbank Creek is, however, uRed by the Low 
Grade division of the Pennsylvania (so called because it crORSe,,:; 
the monnwins at a lower altitude than the main line between 
Pitisbur~ and eastern cities). The stream is not so crooked as 
the Clarion, and, th.e yalley is more open. 

Bear Creek valley, in the southwest.ern part of the quad­
ranl!,'les, is used by a branch of the Baltimore & Ohio Railroad. I 

This road is standard gage as fill' as Foxburg and thence is a 
narrow-gage line with many steep grades. It runs through 
St. petersburg, Knox, and Shippenville, to Clarion Junction. 
The Pittsburg, Summerville & Clarion Railroad finds a way 
over the cOlllpamtively smooth uplands between Clarion RiYer 
and Piney Creek; and the Franklin & Clearfield Hailroad has 
just. beet; built along Deer and Piney creeks. The Sligo 
branch of the Pennsylvania Ra.ilroad runs nea.r the boundary 
between the quadrangles from Redhank Creek up to Rligo, and 
forlIls an outlet for the produet of several coal mines. 

The making of )tllegheny HiYer navigable is a project which 
hag often been considered, and the Government has made sur­
veys with that end in view. Bnt no improvement work has 
been done, and it is only at high water that any boats enter 
t.he Foxburg quadrangle. At low wat.er there a.re many rimes 
where the water is less than a foot. deep. The longest and 
most formidable rapid in the Allegheny between Olean, N. Y., 
and Pittsburg is located ;-; miles north of' Em lenton. Its 
len~th is 6900 feet, and the fall of' water in this distance is 
11.23 feet. Some timber is float.ed down the river in rafts, 
but almost all the ireight along t.he Allq;heny is handled by 
the ra.ilroad. 

The l'elation of the coal bC'ds and other underground eco­
nomic resources of the quadrangles to the hills is sueh that 
over the greater part of the region no shaftin~ is done. The 
coal is mined hy drifting and the clay and lime by stripping. 
Tron ore, which 'Nas formerly an important protluct, was mined 
also by open cutting, or in some places hy drifting. 

Farming is also influenced by the topography. The stream 
valleys are 80 narrow that there is no good bottomland, and 
consequently farms are limited to the uplands. In the north­
em part of the Clarion quadrangle the count.ry is much dis­
sected hy steep-sided, narrow valleys, and since the Roil of the 
upland is poor ill this region, cultivation is limited in extent, 
hut in the southern part the hills are broHdly rounded and 
cultivated farms are numerous. 

Parts of the Foxburg quadrangle along the gorges of the 
rivers and some of the smaller streams lire very rough, but 
the sandstone, which makes such rugged topography where 
st.realllR have cut into it in the northern part of the Clarion 
quadrangle, has Hot been deeply dissected in the Foxburg 
quadrangle and forms broad fiat areas wen adapted for farm­
ing. Perhaps the best farming country is found on the terraces 
before de~eribed. Parts of these terraces are gravelly, but on 
the whole the soil is quite comparable to good bottom land. 

In the Foxburg quadrangle the majority of farm hou.:::e8 are 
loeated very near a COllI outcrop, not for convenient Hccess t.o 
tile coal, but because along coal outcrops there are many 
springs, and springs are often determining factors in lo(·ating 
farm houses. Coal beds are commonly underlain by clay, and 
this forms an impervious layer along which the ground water 
travels until it reaches t.he surface, where it appears in the 
form of a spring. It is not unusual to see t.he coal itself 
exposed in sitch springs. 

GEOLOGY. 

STRATIGRAPTIY. 

All the rocks of the Foxburg and Clarion quadrangles are 
Redimentary, and most if not all of the material which com­
poses them was transported and deposited hy water. The 
consolidated rocks now exposed belong to the Mississippian 
and Pennsylvanian scries of t.he Carboniferous system. The 
unconRolidated stream gravels found along the river valleys 
from the prE'Sent stream up to an elevation of 300 feet above 
it were deposited long aft.er Carboniferous time, being of 
Quaternary age. The beds exposed at the surface ill these 
fJuadrangles are underlain by a great thif'kness of older sedi­
mentary rockR, the younger portion of which has been pene­
trated at many points by deep wells drilled in search of petro­
leum and natura I gaf'l. The strata will bc described in the order 
of their deposition. 

ROCKS MIT EXPOSIW. 

All that is known concerning the rocks that lie below the 
snrface in the Foxbnrl!,' and Clarion quadran~les has been 
If'arnen by a study of the records of deep wells. The knowJ­
etlge thus obtained is augmented by investigations made by 
other of the concealed strata at places where they are 

in othf'I' areas. A number of these deep wells reached 
depthR of gOOO to 3500 feet, some of them passing through more 
than 2;'')00 feet of unexposed strata. No direct paleontologic 
evidenf'e is available to show the age of these b('ds, and the 
lit.hologie evidence is very gerieral and is suhject. to more or 
less douht. The limits of formations can not therefore be accu­
ratelY determined. Correlation of the more prominent beds, 
how~ver, can be made fr~m well to well over large areas with 
a fail' degree of accnracy. The result of t.his correlation is 
shown graphically on the columnar section sheet. The roeks 
penetrated hy these wells are bclieved to embrace portions of 
the Portage, Chemung, and Catskill formations of the Devo­
nian system, and possibly to represent a small part. of the 
:J.lississippian Reries of the Carboniferous syst.em. 

DEVONIAN SYSTEM. 

POH'l'AGE (~) FORlI'[A'l'ION. 

In a bulletin (I o~ the geology of the oil and gas pools of 
the Clarion qmulran,gle, the lowest 800 feet. of strata. penetrated 
by wells and lying below the lowest red bed were grouped as 
Cbemun?:. From later studies/) it appears that about 450 feet. 
of the lowest portion of this is probably Portage. Butts tenta­
tively places the top of the Portage formation at the top of the 
Bradford oil sand group, which in turn is considered to be 
equivalent to the sandstones of the Foxburg and Clarion 
quadrangles called by drillers the First and Second Bradfoid 
sands. If thi8 correlation is correct the ,greatest thickness of 
the supposed Portage rocks of which records are available is 
in the Bradys Rend well, loeated near Bradys Bend, in the 
southern part of the Foxburp: quadrangle. On the columnar 
section sheet the record of this well is plotted to sca.le and 

"Geolo~y of th" oil and g'as pools of the Clarion quadrangle: Rept. 'rop. 
and (f0()1. SUTVE'Y Comll1. P",nnsylvnnia. 1909. 

b Butts, Charles, Rept. Tup. and Geol. Survey Comm. Pennsylvania, 
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shown as section No. G. The lower 1800 feet of rocks encoun­
tered in the well are assigned to the Portage formation. The 
rocks are prevailingly greenish or gray sandy shale but include 
some lentils of sandst(Jne, which become more numerous and 
of wide extent toward the top. The most prominent sandstone 
is the Rradford (?) Second sand, which occurs with gI·eat per­
sistency over both the Foxburg and Cbrion quadrangles. This 
sandstone ranges in thickness from 10 to probably as much as 
150 feet, averaging about 70 feet.. It is white to grayish in 
color and is reported by drillers to contain local thin lenses of 
small \vhite quartz pebbles. 

CHRl(UNG- (~) FOR:"!rt.TION 

Overlyinp; the sands which are believed to represent the Brad­
ford oil sa.nd group are about 200 feet of greenish to chorolate­
colored shale in which lie two persistent sandstones, known to 
drillers as the Tiona and Speechley sands. The Tiona lies 
about 125 feet above t.he Rradford (I) sand and reaches a 
maximum thickness of about 75 feet, the average bein~ ahout 
BO feeL The top of the Speech ley is about 100 feet above the 
'l'iona. It is a yery persistent sandstone tllroughout these 
two quadrangles and is seldom entirely absent. Its thidmess 
ranges frolll 10 to 75 feet and averages about 40 feet. Both 
these sllndt:tones l:lre white to grayish in color and contain 
comparatively few lenses of quartz pebbles. The name "Shef­
field" is locally applied to a sandstone leutil that iR in some 
places noted between the Speechley and Tiona sands. Above 
the 8peeehley sand are about 600 feet of choeolate-colored shale 
and irregular sandstones up to the bottom of the first persis­
tiOmt red bed of the Catskill (?) formation. The most persistent 
of these sandstones is the group kno\vn locally as the "\Varrell 
oil sands, which occur about 2l)0 feet abovE' the Speech ley sand. 
In the mass of chocolate colored shale occur a fmv thin beds of 
sandstone and reddish shale, the latter heing called by drillers 
"pink rock" or "red rock." These are eonsidered by Butts 
to he Chemung and to eOl"1"f'spond to the pink heds found ill 
the upper portion of the CllClIlung at points where it outCl"Ops. 
They should not be eonfllsed with the true red beds, ... "hieh are 
beli;\'e(l to represent the CatRkill formation. 

C.\TSKTU, en FORMA'I'TON. 

The beds that are tentati\lely regarded liS representing the 
Catskill formation consist of red and §,..'Teen shale interbedded 
with fL number of white, gray, and reddish sandstonf's, which, 
together with the overlying Hundred-foot sand and Murrysyille 
sand constitute the well known Venflngo oil sands. In a pre­
vious report" on the geology of the oil pools of the Clarion 
quadrflTlgle, the beds lying between the Hundred-foot oil sand 
and the base of the lowest red roek report€d in the well records, 
makin~ a total t.hickne::::s of about 1000 feet, were tentatively 
assigned to the Catskill fonnation. In the light of later 
studieB of these beds/) the lowest reported red beds are con­
sidered to be Chemung, in which case the total thickm'ss of the 
Catskill (?) formation is prohably between 500 and 700 feet. 
In the Warren quadrangle, to the northeast, the Devono­
Carhonifcrous rocks outerop and have been mapped and 
described under the names Conewan~o formation (bottom) and 
Knapp formation (top). The hItter formation is not believed 
to be represented in the Foxburg and Clarion quadrangles, but 
it is thought that the deposits here doubtfully assigned to the 
Catskill formation may represent in whole or part the Cone­
wango formation of the Warren quadrangle. 

Beeause of their great economic importanee the conelation 
of the oil sands of this formation over western Pennsvlvania 
has often been attempted, and while these studies l~a\Te in 
general settled the stratigraphie position of the more prominent. 
sandstone beds the work has not been done in sufficient detail 
to settle questions raised by local variations in them. The 
correlation of the sands has been discussed more fully in the 
report on the geology of the coal, oil, and gas of the Foxburg 
quadrangle/ to whieh the reader is referred. 

In ascending order these Bands are known to the drillers of 
the Foxhurg and Clarion quadrangles, as Fifth, Fourth, Fourth 
Stray, Third or Gordon, ThirJ Stray OJ· Gordon Stray, Bowlder, 
Snee or Blue Monday, and Thirty-foot sands. Of these the 
Fifth, Fourth, and Third sands are the more persistent. The 
names applied to them by drillers are fairly consistent through­
out thf'se quadrangles, but with the smaller and more variable 
sands the nomenclature varies greatly depending upon the 
number and prominence of sands found in each well. The 
Fifth sand is from 3;:;0 to 4t:i0 feet below the top of' the forma­
tion. The bottom of the Fourth is from 30 to 100 feet above 
the ·Fifth, the Third in turn being from t)O to 100 fcp.t above 
the Fourth. The Third Stray, Bowlder, Snee, and ~"'ineveh 

Thirty-foot are ineluded in the 17l) to 250 feet of red and green 
shales that overlie the Third sund. The sands are prevail­
ingly white or gray in color. Rarely the Third sand and some 
of the other sands are entirely or partly red. Each contains 
thin lenses of conglomerate eomposed of small well-worn quartz 
--_._---- -- -- ----

"Geology of the oil and gas pools of the Clarion q11adrangle: Rept.. 'rop 
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pebbles, poorly cemented together. Red rock Ott'urs very 
irregularly tln·oughout the entire thickness of the format.ion, 
but the thiekest and most persistent beds occupy all or a large 
portion of the interval hetween the Third and Fourth sands. 

CAltllONTFEROlTS SY~TEM. 

In the Foxburg and Clarion quadrangles the Pocono group 
consists of about 700 to 900 feet of gray sandstone and shale 
extendin~ from the hase of the Hundred-foot sand to an 
unconformity at the top of the Burgoon sandstone (known to 
the drillers as the Rig Injun or Mountain sand). 

The Hundred-foot SHlld has bCC'n fairly conclusively shown" 
to be the basal member of this group and to he equivalent to 
t.he Bel·ea sandstone of northeastern Ohio and the Venango 
First and llutler Second sands of' Pennsylvania. This bed is 
one of the great sandstones of the Appalachian province and 
underlie.'l t.housands of square Illiles in Ohio, Pennsylvania, and 
"\Vest Virf,rinia. The Hundred-foot sand has a total thickness 
of 2;3 to 150 feet, averaging ahout 100 feet, and is made up of 
two to three sandstone layers separat.ed hy irregular shale 
di.visionf'. This is ex.dusive of the Murrysville or Butler g'dS 

sand, w11:ch is above what is generally considered to be the 
IIUlldre(:-foot and separated from it by 10 to 60 feet 01" more of 
gray or red shale. The Murrysville sand is the uppermost bed 
of a sandy phase of sedimentation at the base of the Pocono 
group v,·hieh in the Eoxburg and Clarion quadrangles has 
an ayemgo t.hiekness of about 200 feet. Above this sandst.one 
is soft sandy gray shale having a tot.al thiekness of 400 to 
,jOO feet, which is thought to represent the Cuyahoga forma­
tion. This shale contains uear the middle a fairly persistent 
sandstone a\'eraging about (i0 feet in t.hickness, whieh is 

the equivalent of the Sharpsville sandstone member 
the Cllyahop;a formation in Crawford County. It is called 

First sand by the drillers. The shale above the sandstone is 
darker find more reddish than that helow. Many \vell records 
show thin beds of red roek in this upper shale. Above the 
Cuyahoga formation the l'Oeks of the Pocono group consist 
ehie£ly of sandstone, which outcrops :llong the principal streams 
of these quadrangles and is therefore discussed at. greater 
length under the following heading'. 

ROCKS EXPOSED. 

CAHliONIFF.ROUS 8YHTBhl. 

The loweAt rocks exposed in t.he quadrangle8 under diseus-
sion to the nonmarine Pocono group of the 1\Iissis-
sippi::m and are the Htratigraphie equivalent of a part of 
the marine "\Vaverly group of Ohio. In other Pennsylvania 
fulios the. term .Pocono has been used as a formation name, but 
in northern Ohio equivalent strata are natumllyand readily 
divisible into several formations and some of the formations 
into distinet members. In the Foxburg and Clarion quad­
rangles O'The of these members has been identified and is 
mapped, and it thus hecomes neeessary to treat the Pocono as 
a group. 

On the map of Erie County in Heport Q4 of the Seeond 
Geolof,!;ical Smvey 'of Pennsylvaniil, I. C. White gives the 
following seetion of MisHissippian strata: 

Cuyahoga. Rhale: 
Shemwgo shale 
Shenango sand~t.one __ 
Meadville upper shale __ 
Meadville upper limestone. 
Meadville lower shale __ 
Sharpsville upper sandstone_ 
Meadville lower liIllel!Wne. 
Hharpsville lower sandstone __ 
Orangeville shaJe __ 

Feet. 
80 
25 
25 

40 
50 

12 
75 

In the above elassification it will he noted that. t.he term 
)Ieadville is applied to a number of strata, namely, Meadville 
upper shale, l\Jeadville upper limestone, Meadville lower shale, 
find l\Ie,:Hhille lower limestone. Much work OIl t.hese rocks 
has heen uone since "\Vhite's elassifieation was made, and his 
subdivi8ion of the Cuyahoga has been more or less modified by 
new £"lcts. At present the most favored usage of Cuyahoga 
is as the name of a formation which in north western Penn­
sylvania is made up of three members-the .Meadville sha.le, 
the Sharpsville sandstone, and the Orangeville shale. The 
limestones arc so thin that they are disregarded. 

Owing to an unconformity there are nearly 300 feet of 
Pocono strata in the region about Foxburg which are not 
represented in "\Vhite's section given above. Indeed, only the 
uppermost rocks of that section are exposed in the Foxburg 
and Clarion quadrangles, but the overlying 300 feet of Pocono 
stratn are extensively exposed in the gorges of the rivers, and 
the larger part is known to the drillers as the .Mountain or Big 
Injun sand. In the Kittanning folio this member was named 
Rurgoon snndstone, and the reasons for assigning it to the 
Pocono fire there discussed. 

a Rept. 'rop. and Geol. Survey COlllIll. Pennsylvania, 1906-1908. 

More or less soft, irregularly bedded shale is generally 
included in the Burgoon sandstone, but there is a shale below 
which has quite a different appearance. From fossils and 
stratigraphie position this shale is believed to belong to the 
Mead ville, described by White and others, the name being 
taken from the town of Meadville, in northwestern Pennsyl­
vania, where the member is well developed. In consideration 
of the foregoing facts the following c1assifieation of Missis­
sippian strata has been approved for the Foxburg and Clarion 
quadrangles: 

Mississippian series. 
Pocono group. 

Burgoon sandstone. 
Cuyahoga formation. 

Meadville shale member. 
Unexposed shales and sandstone. 

Hundred-foot sand (believed to be stratigraphic equiv­
alent. of Berea. sandstone). 

The Cuyahoga shale is well developed over a large part of 
central and northe.astern Ohio, and takes its name from Cuya­
hoga River, along which it outcrops extensively het\veen Akron 
and Cleveland. In gener<ll it contains layers of Bandstone in 
its centml part, and in northwestern Pennsylvania this sand­
stone phase is so pronounced that the formation has been sub­
divided into three parts, ~s a.lready described under" Pocono 
group." 

Mead-vWe sAale lltember.-In the northwest corner of the 
Foxburg qua.drangle there are cliffs of a uniform, dark-gray, 
hard, sandy shale, whieh appears very different from the other 
rocks of the quadrangles. There is a slight irregularity of 
bedding resembling cross beddin~ in sandstone, and at the top 
of the member is a stratum through which are scattered quartz 
pebbles averaging somewhat larger than a pea. These features, 
together with the general sandy character, suggest that the 
shale was laid down in shallow wat.er. Some. marine fossils 
were collected from the shale and have been identified by 
George H. They are: Chonetes Rhipido-
mella owem:?, ll. sp., Spltenolus indet.. t.he basis 
of these fossils and the stratigraphic position and lithologic 
chara(;ter of the rock, it is believed that this shale belongs to 
the :Meadville shale memher of the Cuyahoga formation as 
developed in northwestern Pennsylvania. 

The Meadville shale is found only in the bottom of the 
Allegheny gorge, the outcrop extending from a point 3 miles 
north of Emlenton around t.he bend above Dotter to t.he west 
side of the quadrangle. The best exposure is in the form of a 
cliff on the west side ot the river, 1 mile north of Dotter 
station and 5 miles north of Emlenton. 

The conglomerate or pebbly stratum previously mentioned 
is very irregular ill thiekness, but is usually present, and is 
taken to mark the top of the Cuyahoga. The maximum thick­
ness of strata exposed below the conglomerate is about 37 feet. 
It is prohahle that this thickness does not represent the entire 
l\feadville shale member. 

The Burgoon sandstone,· named from Burgoon Creek, in 
Cambria County, Pa., is of nonmarine origin. It is irregular 
in most of its characters but consists principally of sand­
stone, though considerahle amounts of shale also are included. 
This sandstone, known to the drillers as the Mountain or Big 
Injun sand, is nowhere evenly bedded, hut layers 4 t.o (i inches 
thick are common. On weathering the shale crumbles a.nd is 
washed away, leaving projecting slabs of sandstone 'INhieh make 
the outcrop appear like ruins of old masonry. The sandstone 
is generally coarse and not very clefln. In some places, as nea.r 
Foxhurg, it di:o:.plays considerable cross-bedding. It jnellldes 
lenses of shale of all sizes, the largest (i0 feet or more thick, 
and in the lower part of the formation this rock predominates. 
The shale is light gray or greenish, soft, and more or less 
clayey. 

This formation outcrops along the gorges of the ri vel'S !md in 
many of the tributary valleys. It is almost devoid of fossils. 
In some places there is a layer of carbonaceous shale, or even 
thin eoal near the top, containin?: plant remains. 

In thl' Clarion quadrangle only part of the Burgoon sand­
stone lies above drainage, the maximum thickness exposed 
being 140 feet. The lowermost strata whieh outcrop are found 
at tJle point where Clarion River enters the quadrangle. The 
next exposure of this sandstone is ill the bottom of Clarion 
River gorge, opposite the mouth of Piney Creek, where a cliff 
reveals :10 feet or more of alternating bands of greenish shale 
and gray flaggy sandstone. 

In-the Foxburg quadrangle the entire format.ion is exposed 
and the thickness is aoo to a20 feet.. The lower limit is 
believed to lie at the top of the peeuliar conglomerate previ­
ously described as forming the uppermost layer of the Cuya­
hoga formation. The upper limit of the Burgoon is not 
marked by any stratum which is always recognizable. Several 
fadol's are commonly considered in locating the boundary 
between it and succeeding formations. The coaly layer pre­
viously referred to is, where present, about 15 feet below the 



top of the Burgoon. A somewhat similar eoaly bed, at many 
places lying between layers of heavy resistant sandstone, is 
found about 40 feet above the boundary. The horizon of the 
Brookville coal :is about 130 feet, and the Vanport limestone 
member, to be described later, about 240 feet above the top of 
the Burgoon. 

The indistinctness of this upper limit of the Mississippian is 
remarkable when we consider that there is good evidence of a 
great unconformity at this horizon. Probably hundreds of 
feet of Mississippian strata were eroded from this region before 
the deposition of the Pennsylvanian, but that erosion left such 
a smooth surface, and the succeeding strata were so much like 
those below that in few places, if anywhere, can the uncon­
formity be located with exactness: For example, along the 
"brick road" opposite Emlenton there is a very good exposure 
of the Mississippian and Pennsylvanian strata adjacent to the 
unconformity, but no pronounced break is discernible. There 
are many minor breaks and it is prohable that one of these is 
the unconformity. One in particular lies at the top of an 
irregular layer of sandstone, which has certain vertical mark­
ings sugg-esting that cracks had formed after the sand had con­
solidated and before the succeeding strata were laid down upon 
it. These cracks apparently were filled with sand when the 
layer above was deposited, but the data are not considered 
decisive of the unconformity. 

The Bur~oon sandstone outcrops in the Clarion quadrangle 
as a narrow band in the ravines of Clarion River, Deer Creek, 
Toby Creek, Mill Creek, and in the lower 4 miles of Piney 
Creek. The formation outcrops also in Redhank Creek, where 
it bends into the quadrangle at Leatherwood station, and for 
a distance of 1 mile up Leatherwood Creek. 

In the :Foxburg quadrangle the outcrop of the Burgoon 
occupies a large part of the gorges of Allegheny and Clarion 
rivers (see fig. 3), and extends for a short distance up the tribu-
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have come from Burgoon lying to the southeast, it seems 
certain that the, sand of the Pottsville was not derived from the 
area to the north, from which the Burgoon was eroded. 

The upper limit of the Pottsville is little more definite than 
the lower. Its approximate position can be loeated without 
difficulty, for it is above the sandstone of the Pottsville and 
below the Brookville coal; but difficulties arise from the fact 
that between the sandstone and the coal there is a variable 
thickness of shale, and also from the fact that the coal is absent 
throughout considerable areas. However, the coal bed holds a 
fairly uniform position with reference to other recognizable 
strata, so that its horizon can be located where it is absent. In 
the Foxburg and Clarion quadrangles the upper boundary of 
the Pottsville is drawn at the base of the Brookville clay, 
which underlies the Brookville coal. 

In the southern part of the Clarion quadrangle the Pottsville 
formation outcrops in WildCHt Run up to a point about one­
fourth mile north of Wildcat; as a narrow band above the 
Pocono, in the bank of Redbank Creek below New Bethlehem; 
on Leatherwood Run, as far north as Rockville; about 2 miles 
up Long Run j and on either side of Redbank Creek, east of 
Hawthorn. In the central portion of the quadrangle, the 
Pottsville outcrops on Licking Creek up to a point about 2 
miles above Curllsville, and in the valleys of Piney Creek and 
its tributaries as a band from half a mile to a mile or more in 
breadth. On the axis of the Kellersburg anticline it reaches 
up the hillsides to an altitude of 1550 feet. In the northern 
portion of the quadrangle the Pottsville outcrops above the 
Pocono in the gorges of Clarion River and all its larger 
tributaries to the boundaries of the quadrangle. 

In the Foxburg quadrangle the Pottsville is found along the 
gorges of the rivers just above the Burgoon, and extending a 
mile or two farther up the tributary strea.m8. On Mill and 
Turkey runs, Beaver, Canoe, Licking, and Cherry creeks, and 

elsewhere, and in some places the me~ber contains a valuable 
bed of refractory clay. In these quadrangles the coal is not 
workable, and the clay seems to be of little value. The coal, 
however, is usually present in one or more beds, which range 
in thickness from an inch or leas to 16 inches. 

The thickness of the Mercer shale member varies from 6 
inches to 40 feet or more. In the northwestern part of the 
Foxburg quadrangle the member seems to be represented by 
only 6 inches to 2 feet of coaly shale. Fossils of the Mercer 
consist almost enti.rely of plant remains and are comparatively 
abundant. They are very distinctive. In other States strata 
equivalent to the Mercer are much thicker than in Pennsyl­
vania, and the flora of the member is not only different from 
that of strata above and below, but the member itself may be 
separated into two or more parts on fossil evidence. 

The best Mercer exposure in the Clarion quadrangle is in 
the railroad cut one-half mile west of Mayport, where the 
section shows 20 feet of shale, in which are two thin beds of 
coal. 

Homewood sandstone memher.-The Homewood, the topmost 
member of the Pottsville, is a coarse-grained, massive sand­
stone, a veraging about 40 feet in thickness. In some places, 
however, the member is represented by shale. This seems to be 
the case near Parkers Landing. In the Foxburg quadrangle 
the Homewood is generally a clean, white, finely cross-bedded 
and loosely cemented sandstone. In the more or 1e.38 weathered 
outcrops the member is very white and porous, and the cross 
bedding is a prominent feature, the rock resembling a thin­
bedded sand tilted to a high angle. 

The Homewood sandstone makes a number of benches in 
the southern part of the Clarion quadrangle. The best 'expo­
sures are above the Pennsylvania Railroad track between 
Hawthorn and Mayport, and on t4e Sligo branch of the 
Pennsylvania Railroad, in the vicinity of Wildcat Run. This 

FIe-UBB B.-Longitudinal section showing rocks outcropping along the east side of the Allegheny Valley in the Foxburg quadrangle. 
Seetion projected on a mediBJ stra.lghtlfne. Com. Conemaugh fOl'Dllltlon; ma.l'4ahoning ooaJ; Co • .Allegheny formation; Co. Vanportllinest;on .. member; ufo Upper Freeport OOBJ; If. Lower Freepol't CORl; uk. Upper KittannlngOOBJ; mk. Middle KittanniDg ooaJ.; Ik. Lower K\ttaDnlng coal; 

cl, Olarion coal; CII', Cralgsv:llJ.e coal; br, Brookville coal; CIW, Pottsvllle formation; Cm, Heroor shale member; Cb .. , Burgoon sandst.one; Con, MeadvUle Ilh&ie membel' of the ClIyahoga. fo~.ruation. 

taries. It is found along the lower 3 miles of Mill Creek and 
the lower mile or two of Richey Run, Turkey Run, Beaver 
Creek, Canoe Creek, Licking Creek, and Bear Run. 

PO~SVILLB FORMATION. 

Although the Mauch Chunk formation has been eroded from 
this area, and the Pottsville rocks lie unconformably on the 
Burgoon sandstone, the line of separation is not lithologically 
clear and fossils are very scarce. In many places thick-bedded 
sandstones are found both at the top of the Burgoon and at 
the bottom of the Pottsville. Such sandstones are very simi­
lar in all characters, the grains of sand being of approximately 
the same size, and about equally rounded. The only visible 
difference is that the sandstones of the Pottsville formation are, 
as a whole, somewhat thicker bedded, are slightly coarser, and 
approach more closely to pure silica. 

The similarity of the sandstones,. taken in connection with 
the fact that in the northern part of the State the Burgoon 
was entirely removed by the erosion that preceded Pottsville 
time, brings up the question whether the sand of the Pottsville 
was derived by erosion from the Burgoon sandstone. By refer­
ence to figure 4 it will be seen that as far south as Tidioute the 

Vert:lcalllC8lee;p.ggeratedl0tfmes. 

Bear Run, its upper limit varies from 4 to 7 miles from the 
main stream. At the north the Pottsville is 470 feet above 
the river, and at the south boundary it is only 175 feet. 
Along the Clarion gorge its upper limit is from 260 to 350 
feet above the stream. 

Connoquenessing sandstone memher.-In the Clarion quad­
rangle the Connoquenessing sandstone, the lowest member of 
the Pottsville formation in this region, is a coarse-grained mas­
sive rock, similar to the upper portion of the Burgoon sand­
stone. It is exposed on R.edbank Creek in the vicinity of 
Leatherwood, and in some of the ravines tributary to Clarion 
River and Piney Creek. The"immense bowlders 15 or 20 feet 
thick ill the sides of Clarion River gorge north of Clarion 
probably belong to this member, although their present posi­
tion is 150 feet or more below the outcrop of this sandstone. 

The Connoquenessing member in the Foxburg quadrangle 
is a thick-bedded, resistant saccharoidal sandstone, which 
rangelil in color from buff to white and is nonfossiliferous. 
Some I'ayers are not well consolidated and appear much like 
granulated sugar. On the whole the rock is very clean and free 
from everything but silica. On account of these characters it is 
extensively quat'ried for glass sand and silica brick. The beds 
are more or less lenticular, but one at the top of the member 

FrGUR.E 4.-Longitudinal section along Allegheny River from ThompBoJlll sta.tion to Hunter, showing the unconformity at the base 
of the PottsvUIe forma.tion. 

cPY.l'ottsv:llIe fonJlll.tion; Ch. Homewood saudstone member; Cm. Mercer 9bale member; Ceq. Oonnoqueneasing BIIIldstone member; Co. Sharon BhaI6 member; Co,OIIlllIl 
conglomerate membel'; Cbg, Burgoon sandstone; Coho Cuyaboga formatloo; Cmv, Jlen.dvllle shale member; Cb. Berea SBUdstone; Ccw, 00n6W&1lgO formation; Coco 
SaJamanca conglomerate member. 

Olean conglomerate, which is the lowest member of the Potts­
ville in northwestern Pennsylvania, lies unconformably On the 
eroded edges of Mississippian strata, and that this c.onglomerate 
does not extend as far south.as the Foxburg quadrangle. 'rhus, 
since the Pottsville of that quadrangle was deposited later than 
the Olean conglomerate, the erosion of the Mississippian strata 
was accomp~shed and their edges covered with the Olean con­
glomerate before Pottsville sediments began to accumulate in 
the Foxburg-Clarion region. Therefore, while it is possible 
that the Burgoon of the Foxburg area was reworked in Potts­
ville time, or that the sand of the Pottsville formation may 

can be traced over a considerable area in the northwestern part 
of the quadrangle. This is a very resistant layer 2 to 6 feet 
thick, and is overlain by a shaly coal 4 inches to 2 feet 6 
inches thick. 

The thickness of the Connoquenessing sandstone ranges 
from 30 to 50 feet. 

Mercer shale memher.-In the midst of the Pottsville forma­
tion there is a series of shales, thin coals, and clays, which 
has received the name Mercer shale member, because in 
Mercer County the beds are a prominent part of the section 
and one of the coals is worked. The coal is locally workable 

sandstone is conspicuous also at numerous points alonp; Piney 
Creek,. particularly in the vicinity of Reidsburg. North of 
Piney Creek the presence of heavy sandstones above and below 
the Homewood make it less conspicuous. 

The Allegheny formation is composed of sandstone and 
shale, interbedded with coal, clay, and lime.stone. Econom­
ically it is by far the most important formation outcropping in 
the area. In previous surveys this formation was called the 
"Lower Productive Coal Measures," but it is now called Alle­
gheny, from the river along which it is typically developed. 
Coarse sandstone is much less prominent than in the Potts­
ville and Burgoon, and in some localities no heavy sandstone 
occurs. The shale is predominantly brownish, owing to its 
large content of iron oxide, but olive tints are conspicuous in 
its central and upper parts. 

The thickness of the Allegheny is from 345 to 370 feet, and 
it extends from the base of the Brookville cIa y to the top of. 
the Upper Freeport coal. The formation is much more uni­
form in thickness than would be indicated by the variations of 
the members, but in a general way there is a slight thickening: 
to the northwest. The Allegheny is found throughout both 
quadrangles and form, the body of almost all the hills, the 
outcrop of this formation occupying a far larger area than that 
of any other in the region. 

It is not possible to make a tabular section of the Allegheny 
formation which will. apply over the whole area, because the 
succession of strata varies considerably. A line drawn from 
a point about a mile and a half north of Sligo through 
Reidsburg, Frampton, and Day roughly divides the Clarion 
quadrangle into two parts which have a distinctly different 
succession of rocks. Similarly the Foxburg quadrangle is 
naturally divisible into tlnee parts. The boundary between 
the .northeastern and central parts runs from about 1 mile 
south of the point where Clarion River enters the quadrangle 
through a point about midway between Turkey City and 
Monroe to a point 1 mile southwest of Lamartine and thence 
slightly ea,t of north to the boundary of the quadrangle. 
Between the central and the southern segments the line runs 
through Huey, 1 mile BOuth of Toby, 1 mile north of West 
Monterey, and thence through Bruin to the weatern boundary 
of the quadrangle. 

In a small area southwest of Shippenville, in the Clarion 
quadrangle, the succession of rocks is similar to that of the 
northeast corner of the Foxburg quadrangle. 4 



The following are generalized sections of the Allegheny 
formation in these divisions: 

Generalized secUon of the Allegheny formation in the n01'theastern part of 
the FoxbuJ'g quadrangle. 

.. _--------- -

I 

Range. jAverage. 

Shale, light-gray, sandy __ 
Coal, lower Freeport. 

---"' 
I 

Clay, Lower Freeport_. 

Sandstone, buff, and shale, sllndy 
Coal, Upper Kittanning._ 

Clay _ 

Coal 
Shale, dark gray, with len~es of sandstone 

Coal __ 

Shale, brownish-gray, and thin buff .. n'"'t"n' _______ _ 

I 

Coal, Lower Kittanning 
Clay, Lowor Kittanning__ --------- ..... ~~I 

Shale, brownish, lind sandst.one, pinkish_. 
Coal ___ _ 

Clay and iron ore_ 
Sandstone and saudy shale .. 

Coal, "Gpper Clarion .. _ 
Shale 

Coal, Lower Clarion. 
Clay, Lower Clarion __ 
Shale, with t,hick layers of coarse sandstone 

Coal, Craigsville. 

0- 3 

4- 6 

GO 
0-3 
0-6 

85 

,:: t: I 

30 

2-3 

4-10 

20 

0-2 
0- Ii 

20 

0- :.l 

4-1.') 

2- 4 

H-12 

3~_ 1i I 

50 

35 

30 , 
30 

20 

20 

30 

Shale and shaly ~andst.one 32 32 

Clay, sandy, Brookville 
6-181 12 
8-15 _~ 

3.)7 

G-elle1'alized in the central pm't of the 

----- __ I R:;o~I_A"eragt<. 

Coal, Upper Freeport __ 
Clay, Upper Freeport __ 
Limestone, Upper Freeport, and iron ore __ 
Sandstone, coarse to fine, and shale __ 

Coal, Lower Freeport, with shale parting of 2 feet 
Clay, Lower FreeporL. 

3~'e~'fjt I 
4 -10 I - , 

3i} -45 

- 7 

o - 6 

Sandstone, coarse red, with lenses of shale in lower parL_ 35 --60 

Coal, Upper Kittanning._ _ ___ . ____ .. ____ \ 0 ~ 3 

Clay._ 0 -10 

8hale, light to dark gray, and sandy shale 40 -60 I 
Coal, Middle Kittanning _. H- 1t 

Clay 0 6 I 
Shale, sandr, and thin sandstone. 30 =45 

Coal, Lower Kittanning 0 _ 2 

Shale, and thin sandstone __ 
Limestone, Vanport, and ore 
Shale, with concretionary iron ore __ 

Coal, Upper Clarion __ _ 
Shale, hard gray t.o hlack. __ 

Coal, Lower Clarion ___ _ 

Clay. Lower Clarion. 
Sandstone, thick, coarse, and brown shale. 

Coal, Craigsville_ 
Clay_. 
Shale._ 

20 -4ii 

o -20 

-30 

- 3 

-20 

2 - 6 

2 -10 

25 ~3G 

o _ 3 

t-2 
20 -35 

4J) 

45 

12 

4 

7 
30 

35 
Coal, Brookville __ -2 1 

Clay, Brookville-, sandy clay, and clay shale __ 

Coal, I;pper Freeport._ 
Clay, -Upper Freepurt __ 

Limestone. Upper Freeport, and ore 
Sandstone, thin, and shale, gray __ 

Coal, Lower Freeport __ 
Clay, Lower Freeport._ 

-'-1 (j -12 I 36: 

tft, 

~-R~nge. .~~erage. 

F~\t I 
8- 8 

0- 6 

3O-4G SG 

0- 4 2 

0-- 6 2t 
Sand~tOlle, coarse. ranging to fine gray conglomerate 

with a little shale ___ ._. _ ... _____ . ___ ""___ '30-60 40 

CORI, Upper Kittanning 
Clay, Upper Kittanning __ 

SlI,ndstone, sandy shale, and shale. 
Coal, Middle Kittanning __ 

Clay, Middle Kittanning __ 

Shale-, olive, and sandstone, thin-bedded gray __ 

Coal with flliale partings._ 
Shale, sandy __ 

Coal, Lower Kittanning_: 
Shale, and thin sandstone_._ 
Limestone, Vnnport, and ore .. 
Shalo __ 

Coal, Clarion __ 
Clay, Clarion __ 

Sandstone. coarse __ 

Sha.le, with thin layers of s:mdstone 
Coal. Craigsville 

Shale_. 

Coal, Brookville 
Clay, Brookville 

0-8 
0- 5 

35-..'iO 

0- 2 

0-. 
20-40 

0- 2 

30--60 

2- 4 

2&-45 

0-18 

20-40 

1- 5 

8--8 

0-15 

0-2 

30 , 
45 

30 
9 

30 

20 

Coal, Middle Kit.tanning 
Clay __ 

Clay, and clay sandstone __ 

6 

(!oal, Lower Kittanning (lower bench)._ 
Clay, plastic and flint clay __ 
Shale __ 

Sandst,one, massive gray, pinkish at top_. 
Coal, [Jpper 

Clay and bl:l(lk shale __ 

Coal, lower Clarion 
shale, gray_ 

Coal, Craigsville __ _ 

Shale, brown and h'Tay 
Coal. Brookville 

Clay and Malo __ 

Coal, Upper Preeport .. 
Clay and limestone lenses_ 
Sandstone, coarse, heavy, b"Tay, and sbalt"_ 

Coal, Lower Freeport __ 
Clay and limestone lenses __ 
Shal{', oliYe, sandy, anll sand8t,one, gray, shaly __ 

Coal, Upper Kittanning 

Clay __ 

Randstulle, gray, shaly .. 
Coal, Middle Kittanniug' (lower bench) 

Clay. 
Shale, l)lack and brown __ 

Coal, Lower Kittanning 
Clay __ 

Shale, gruy, 
Coal __ 

Sandst.one, gray, locally massive_ 
Limestone, Vanport., and iron ore __ 

Clay, Upper Clarion __ 
Shale, gray, sa,ndy_ 

Coal, Lower Clarion 
Clay, La-wer Clarion __ 

---i 

7 -'" 
t- 2 

10 -2{) 

5 -10 

30 -50 

0-1 

13 -20 

2 - 4 

-20 
0- , 

-030 
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-10 

:;~\i I 
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0_ B 

0-10 
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The economic \Ta1ue of certain beds of the Allegheny for­
mation warrants a somewhat detailed description of the various 
members. ' 

Brookvill(' coaL-Lying above the Pottsville formation and 
separatt'd from it by a few feet of clay, clay shale, or l-Jrg-illaceous 
sandstone known as the Brookville clay, is the Brook~'ille coal. 
This bed is g-enerally too' thin to be workable, but in the 
northea8t part. of the area described it reaches a thickness of 4t 
feet. In the Clarion quadrangle it varies from bituminous 
shale to shaly cannel and hard sulphurous coal containing 
thick partings of shale and pyrite. In the Foxbllrg quad­
rangle it is in places so free from sulphur that it has been used 
as a blaeksmith coal, but there is commonly a peculiar argilla­
ceous sandstone below or in the coal bed. Generally the 
underc1uy is very sandy and contains impressions of plant 
rooi:,g. Near Blairs Corners inclusions of argillaceous sandstone 
and partings of shale are especially abundant. The shale 
varies from cannel to a rock that is scarcely, if at all, carbona­
ceous. Four of these partings persist and thicken toward the 
north, so tlmt at the road exposure 1 mile east of' Knox it 
seems to be IS feet from the top to the bottom of the Brook~ 
ville coal, and 1 mile southwest of' Shippenville the distance 
seems to he 24 feet. 

Crai1prv£lle coal.-In a few places in the Kittanning quad­
rangle a coal occurs between the Brookville and the Clarion 
which has been named the Craigsville on account of its good 
development ncar the place of that name. It was found to lie 
40 or ,!)O feet below the Vanport limeEtone member and 40 or 
50 feet above the Brookville coal. In the Foxburg quadrangle, 
which joins the Kittanning on the north, a coal was found 
about ,){j to 70 feet below the Van port limestonE' and 20 to 30 
feet above the Brookville, and it is assumed that this bed is 
the Craigsyille coal. The beds between it and the Brookville 

are generally brown shale, containing much iron carbonate, 
sulphide, and oxide, usually in the form of concretions. In 
some districts the shale contains more or less sandstone. The 
coal is generally thin, and in a few places only is it underlain 
by clay_ It is of irregular development and general distri­
bution. Near Callensburg and northward to Knox it is very 
well developed, but is absent over much of the western part of 
the area. This coal also extends into the west-central part of 
the Clarion quadrangle, and near Sligo it attains a workable 
thickness. 

Lower Clarion coal.-The interval between the Cmigsville 
and thl"! Lower Clarion, the next coal above, is genemlly 
occupied by shale, but in much of' the southwestern quarter of 
the Foxburg quadrangle the Craigsville is ~bsent, and a coarse, 
thick-bedded, resistant sandstone 5 to 20 feet thick is found 
2 to 10 feet below the Lower Clarion coal. This Sl-lndstone so 
much resembles the typical Homewood sandstone member that 
in the older surveys it was in some places supposed to be that 
stratum; in other places it was called the Clarion. 

Over mOst of the area of its occurrence the Clarion coal is 
known as a single bed. In 1880, however, Chance a called 
attention to an apparent split in this bed in Clarion and 
Venango counties. The evidence gathered for this folio SllS­

tains tlle view of Chanee, hut the members now known as 
Upper and Lower Clarion coals do not di,,rerge as regularly as 
was suggested in that work. The distance between them is 
variable, in some places reaching 25 feet. The line marking 
the beginning of the separation seems to pass near Bruin, for 
there is but a single Clarion coal bed south of that town, 
whereas to the north there are two, and in a section at Bruin 
the,·e is a parting of oYer a foot of shale. 

The Lower Clarion coal is recognized in the field by its 
position, thickness, sulphur content, and binder. It lies about 
40 to 70 feet above the Brookville coal and 30 to 50 feet 
below the Van port lime.'lione member. These are not the 
extreme figures, for just east of Alum Rock it is found within 
20 feet. of the limestone. The bed is of workable thickness 
almost e\Terywhel'e in the Foxburg quadrangle and is the 
tl,ickest coal below the Vanport limestone. It is nowhere free 
from iron pyrite Or binders_ A ~-inch to 2-ineh binder near 
the middle of the bed is of wide extent. In roadside outcrops 
the coal is generally thin, with several feet of white plastic 
clay beneath. 

In most of the southern part of the Clarion quadrangle the 
Lower Clarion coal is too thin to be workable, but in nearly 
all of the nort.hern part of the territory it ranges from 2t to 4 
feet in thickness. 

Upper C!Za'l'ion coal.-The upper division of the Clarion coal 
is separated from the lower by a body of shale from 2 or 3 
inches to 25 feet thick, and [1 similar body of shale separates it 
from the Van port limestone above. In most sections there is 
no under clay, but the coal rests directly upon a hard, black, 
nonfiS:;lile mudstone. Except ill a few places where there is a 
layer of' sandstone, the strata between the Clarion coals conRist 
of dark-gray shale, which on weathering turns brown. 

The Upper Clarion is workable throughout much of the area 
where it is lound, but in the Clarion quadrangle it is thin or 
absent. On the whole the quality seems to be somewhat 
aboye that. of the Lower Clarion. 

Vanp01-t l£mestone member.-The Vanport limestone, some­
times designated "Fel'riferous" li,HlPEhme, if'! one of' thc most 
persistent and best known strata of western Penllsyhania. It 
takes its name from the town of Van port, Reayer County, 
Pennsylvania, where it is typically developed. Wherever it is 
found it is a Taluable key rock fOl' identifying other rocks and 
for determining- tlle position of oil and gas sands. The top of 
the limestone is 110 to 180 feet above the base of the Alle­
gheny formation, the :tyerage distance being about 120 feet,. 

Most of the beds hetween the Clarion coals antI tlle Vanport 
limestone are dark-drab shale containing numerous iron nod­
ules. In much of the area a eoarse sandstone occurs immf'di­
ately below the Vallport. It is gellerllily 1 or 2 feet thick, but 
locally is much thicker. Tn many places there ii:! no sandstone 
below'the Van port, and it lies almost immediately upon the 
Upper Clarion coal. 

In quality the Vanpol't limestone is very pure, an analysis 
showing about H5 per cent calcium carbonate, with little mag~ 
nesium. The roek is dark gray and fossiliferous. Brachio­
pods aud fragments of' crinoid stems are abundant, and corals, 
pelecypods, and gastropods are common. All of these fossils 
indicate t.hat the rock is of marine origin_ The average thick­
ness of the limestone in the Clarion quadrangle i8 about 7 feet. 
Drillers report 10 feet of limestone in places, but none of the 
sections noted in qualTies exceeded 8 feet.. In the Foxburg 
quadrangle the a verage thickness of the Van port is about 10 
feet, a.nd this increases to 20 feet south of' Callensburg. l;~ib'llre 

5 is a typical section of the Van port limestoue. 
None of the limestone occurs as a solid unbroken masso< 

It is broken both horizontally and yertically by joints, which 
under light cover cause the limestone to weather into large 
bowlders. Near or at the top of the limestone there is com-

a Second Oeo!. Survey Pennsylvania, Rept. VV, p. 50. 



monlya bed of chert about a foot thick. This chert, because 
of its resistance to ,veathering, indicates the presence of the 
Vanport at many places where the limestone itself can not be 
seen. 

Ferruginous AAaI~. 

6"Shalyllnlestone. 

Clay and coaly silale 

l!~IGUm;; 5.--section of the Vanport limestone member in Quarry B miles 
west of Emlenton. 

Immediately above the limestone is a layer of iron ore in the 
form of siderite or limonite. The cherty layer usually found 
between the orf' and the limestone has given the former the 
name burt"Stone ore, a term frequently used in Pennsyl­
vania. Exposures in limestone quarries reveal only a few 
inches of the ore, and in some places, as, for example, 2 miles 
northwest of Knox, the ore is very fossiliferous. 

Between Rockville and Blair schoolhouse and northward 
nearly to Independence schoolhouse, in the southern part of 
the Clarion quadrangle, there is a massive sandstone overlying 
the iron ore, but elsewhere the interval between the Van port and 
the I.ower Kittanning coal is occupied by sandy shale and beds 
of sandstone of variable thickness, with one or two thin coals 
locally in the vicinity of Squirrel Hill. 

The limestone is found almost continuously along the Alle­
gheny and up the Clarion as far as Callensburg, lying 100 feet 
or so higher than the old high ten'aces, or very near the top of 
the valley bluff. It is found also along most of the smaner 
streams. In the northeastern part of the Foxburg and north­
ern part of the Clarion quadrangle and in several smaller 
areas the- limestone is absent. Whether no calcareous material 
was eyer deposited, or whether it was deposited and eroded 
before the succeeding sediments were laid down, is uncertain. 

The evidence in favor of the assumption that the limestone 
never existed in the areas where it is now absent is given 
below: 

First: The rounded, smooth outlines of such areas, resemble 
more the shape of busins of deposit.ion than that of areas of 
stream erosion or waye cutting. 

FIGURE 6.-Area in which the Vallport liIllestone member is known to be 
present or to have been deposited. 

Second: ~ par the boundary of such limestone areas the 
~trata below seem to thicken at the expense of the limE'st.one 
and to occupy its position. For example, 2! miles south of 
W PSt Freedom and 1 mile north of Concord Church a coarse 
sandstone seems to thicken and take the place of the limestone. 

Third: The general Yfll'ied character of the Carboniferous 
strata in western Pennsylvania shows that there was cont.empo­
raneous deposition of different. kinds of sediment in difft~l'ent 

plnres. The Vanport is found throughout a large area, and its 
chul'llctel's are fairly uniform. Its ahsence in certain localities 
may be explained by assuming either that such districts were 
above water or that wave action prevented the accumulation of 
(~lcareous sedimE'nt. 

Fourth: As Butts has pointed out, the limestone is fonnd 
over large areas as a yery tllin stratum, and it seems hardly 
possible that erosion proceeded in those places just fur enough 
to remoYe all but the t.hin layer of limestone remaining. 

Kittanning sandstone membe1'.-In the large area in the 
northern part of the quadrangles where the Van port limestone 
is absent, the interval between the Clarion coals and the 
Lower Kittannin~ coal is generally occupied by a more or less 
massive, coarse-grained, ~ray to pinkish sandstone about .50 
feet thick, known as the Kitta)lning sandstone member. From 
considerable portions of the area the overlying softer rocks 

Foxburg-Clarion 

7 

have been eroded, and the heavy sandstone forms extensive 
fiat uplands, such as those south of Knox, north of Lamartine, 
anti ·west of l\Iariasville. The towns of Clarion, Knox (in 
part), and Lamartine arc situated on this sandstonC', and the 
long, nearly level stretches of the pike running east from 
Clarion are underlain with it. 

In some parts of the gcneral area underlain by the above 
sandstone, as for example hetween Knox and Shippenville, it 
is absent, and the interval is occupied by sandy shale and a 
number of thin beds of coal. A road section 1 mile southwest 
of Shippenville reveals the following suecession. 

Road lIection 1 mile s01ithwest of 8hippenlJille. 

1. Coal blossom, Lower Kittanning __ 
2. Plru"tic clay, with fraglllf'"nts of flint clay __ 
3. Concealed 
4. Coal blossom, Upp"r Clarion __ 
5. Reddish brown shale __ 
H. Coal, Lower Clarion __ 
7. Gray clay __ 
8 Red shale containing ironconcretions __ 
9. Coal, Craigsville __ 

10. Clay, clayey sandl"tone, and sandy shale __ 
11. Coal in streaks 1 inch or less in thi(\kn(,8~ __ 
12. Clay gt.'afling into red-brown shalo"_ 
13. Coal interbedded with shalo _____ l 

~;: g~a;; ~~~_~~~_~~_~~~~y_~~~~e _~~~~ I 

~~: ~!:~l~t~~~--~~~~~~~~~~~~~~~~~-~~~ l Brookville_ 

~:: g~;;--.-"------- I 
20 ReddIsh sandy shale and cross 

bedded saQdstono _______ _ 
21. Coal, bony at the kJp, Brookville J 

( 

I 

35± 
9+ 

20 

25 

11 

18 
2 
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Lowe)' Kitta.nning clay.-The Lower Kittanning clay is 
gray and rangcs in thickness from R to 8 feet. So far as 
known it is everywhere present in these qua.drangles. Over 
most of the northern portion of the Clarion qmldrangle a bed 
of flint day fllso is found below the Lower Kittanning coal. 
ThIS clay is persistent in the hills that are high enough to COJl­

tain it. It varies in quality from good refractory clay to an 
impure and worthlC8s deposit. The best clay is yellowish­
brown, fine grained, and moderately hard. Weathered pieces 
arE' blnish gray on exposed surfaces. In places where the clay 
has been dug it is from 3 to 4 feet thick. Immediately above 
the £lint clay, oecupying an interval between it and the coal, is 
a deposit of plastic clay which is usually thieker than the flint 
clay. In the Foxburg quadrangle there is very little flint 

thougll it is fonnd near Zion Hill. 
Kittanning coal.-The Lower Kittanning coal lies 

generally abollt 35 foet above the Vanport limestone member, 
but the interval varies from 20 to 50 feet. The 50-foot 
internll prevail~ over a considerable area in the vicinity of 
Brinkerton. This coal, a bet! nlmous for its uniformity and 
persistency, is mined throughout the southern half of both 
quadrangles. In most of this district it dop,'3 not vary more 
than fl few inches from 3 feet in thiekness. In a beJt several 
miles ·wide, extending from Leatherwood to Reidsburg Hnd 
Frampton, there arc no openings or good outcrops of the 
Lower Kittanning. The fiwt that on the edges of this belt 
there are several openings in ,vhich the coal is only 2 feet 
thick indicates a thinning out of the coal in this region. 
This indication is strengthened by the facts that in this area 
the intenal between t.he coal and the Vanport limestone mem­
ber is greateT than usual, that occasional road blossoms show 
the presence of one or two thin beds of coal in the interval, 
and that' in of the district there is a he.tLYY sandstone 
immediately the limestone. It 1S probable that these 
irregularities in deposition lasted long enough to affect unfavor­
ably the 'formation of the Lower Kittanning coal. The coal 
thins nort,h weshvard, and is very thin or absent in a large 
district containing Emlcnton, Foxburg, and Parkers Landing, 
Ilnd C'xtending eastward to Knox. 

In the northern ·part of the Clarion qlladmngle a coal bed 
about 18 inches thick lies below the main Lower Kittanning 
and is separated from it by 4 to 30 feet of cluy and sand­
stone. In the northeast corner of the Foxburg quadrangle also 
there is a eoal bBd about midway between the Upper Clarion 
und the Lower Kittanning. Whether this bed shDuld be con­
sidered a 10wC'r bench of the Lower Kittanning or a sepamte 
coal is not clear, but t.he mteryals suggest that the Lower 
Kittanniug splits neal' Hligo, and that the two benches diverge 
to the northeast and north throughout the area in which flint 
day occurs. In a roadside exposure 3 miles northeast of Sligo 
the interval hetween the two coals is 11 feet, in one 2 miles 
east of Frampton it is 17 feet, and on the pike at Clarion 
Junction it is 28 feet. 

JJIiddl.e Kittanning coal.-Above the Lower Kittanning coal 
is 35 to 70 feet of shale, iucluding in some places layers of 
sandstone awl sandy shale, tlle upper strata especially tending 
to be sandy. The shale shows more or less strong olive tints 
and is prevailingly soft. Above this member is a coal bed, 
locally underlain with clay, but more generally resting upon a 
nontissile, sandy mud stone. 

The older sllrveys assigned three coal beds to the Kittan­
ning, ·whieh have been designated Lower, Middle, and Upper 

Kittanning, and were named from the t.ype locality at Kittan­
ning, Pa. However, in the eastern purt of the area under 
discllssion this succession evidently does not hold. On the 
west side of Hquirrel Hill, the Kittanning strata contain 
four coals, and elsewhere, III though the whole series is not 
exposed at one place, the intervals suggest the presence 
generally of four coals. As the distance from the Lower Kit­
tanning to the third coal aboye is usually about 120 feet, it 
seems probable that this coal is the Upper Kittanning and 
that there are between the Upper and Lo\yer Kittanning two 
coals instead of the one that is termed the Middle Kittanning. 
The first coal is about 45 feet and the second about 70 feet 
above the .Lower Kittanning. Both the Middle Kittanning 
coals are thin, and in many sections one or both are absent. 

Throughout most of the Foxburg quadrangle the Middle 
Kittanning coal is about 18 inches thick and is known as the 
18-inch bed. The average distance of' this bed above the 
Lower Kittanning is i')l feet. One and one-half miles east of 
Conroru Church the distance is 53 fL'Ct; one-half mile west of 
Bela it is 51 feet; at Brnin the distance is about Bi'i feet. In 
general the :Middle and Lower Kittanning beds seem to diverge· 
eastward, the extra bed making its appearance bet.ween them. 

Uppe'r ]0tttanning coal and clay.-The rpper Kittnnnillg 
coal, commonly called "Pot vein" or "Htray Yein," lies from 
130 to 180 feet above the Vanport limestone member. The 
coal is vcry irregular in thickness, dip, and quality, und is 
absent in large areas. The underclay seems to be more per­
sistent tl13n the coal. One-half mile east of Petrolia this coal 
is from 6 inches to 7 feet thick and dips more steeply than 
fldjacent strata. 

In the Clarion quadrangle the Upper Kittanning attaim 
minable thickness in the vicinity of New Bethlehem. 

Lo'wer FrfX'port Umestone mem.ber, coal, and clay.-Between 
the Upper Kittauning eoal and the Lower Freeport coal (or 
the Lower Freeport limestone member where it is present) 
there are about 40 to 60 feet of rock, which varies from shale 
to conglomerate but is predominantly sandy, and which is 
widely known as the Freeport sandstone. ~ortheast of Cat­
fish and elsewhere the sandstone is conglomeratic, containing 
many pebbles oue-fourth inch Hnd a few 1 inch in diameter. 

On Myers Hill, southeast of Sligo, and on Squirrel Hill, 
fragments of limestone along the roadside indicate 10CHI devel­
opllleuts of thc Lower Freeport limeEtone member. It is not 
known to occur elsewhere in I.he quadrangles. 

A bed of gray clay avellaging about 5 feet thick is generally 
present between the sandstone and the coal. At a few points 
it contains small lenses of flint day. 

The lmver Freeport coal lies from 175 to 220 feet above the 
Vanport limestone member, and is called IlLost vein," "Pot 
vein," and IlWilleott vein." It i8 irregular, but less so than 
the Upper Kittanning. Jt is developed to a limited degree 
near the tops of the hills in the southern part of' the area, and 
in the vicinity of Kew Bethlehem it has been lllined to a con­
siderable extent. It is also mined to a slllall extent flbout 
mid way between ·W" est Freedom and lUmershurg, where it is 
known as the" 'Yillcott vein." Tn this district. it is separated 
into two benches a parting of shale 1 to 2 feet thiek. 

Upper 'rIu'1nber and day.-Above the 
Lower Freeport eoal there iA 30 to 50 feet of sandy shale and 
sandstone, grading locally into eonglomerate. In the north 
edge of Rimersburg there is an outcrop of flint clay at the 
horizon of the Upper Freeport day. The flint clay, howeyer, 
is probably of yery local development. 

Of rnueh wider occurrence, though it. is irregular, is the 
Upper Freeport limestone member, which is accompanied by 
some plastic clay. It is present in Myers Hill, Squirrel Hm, 
and the hill 3 miles southwest of Limestone and is reported to 
hflve been quarried in one or two other places in the Clarion 
quadrangle, but all the deposits are of small extent. In the 
Foxburg quadrangle it was found at New Athens and Sandy 
Hollow, thence north to Concord Church, and locally from 
Petrolia north to Bear Creek. 

Upper Ft'eeport coal.-The Upper Freeport or "Summit" 
coal lies about 24fi feet. above the Vanport limestone member. 
It is a persistent bed, but variable in thickness. In perhaps 
half the· area of its occurrence the overlying strata are shale, 
and here the thickness is uniformly 3~ to 5 feet. Elsewhere 
the coal is overlain by sandstonE', and the thickness in such 
districts varies greatly in short distances. 

The stratigraphic position of the Upper Freeport coal is 
high, and consequently it is found only in those parts of the 
area where the higher rocks occur. It is worked in the hills 
in the vicinity of New Bethlehem, in the top of the hm It 
miles north of Brinkcrton, and in Myers Hm. It is widely 
developed in the southern half of the Foxburg quadrangle, a.nd 
is mined extensively in the vicinity of both Rimersburg and 
Petrolia, and in many other localities. 

The Conemaugh fonuation, widely known also as the 
"Lower Barren Coal Measures," ta.kes its name from Cone­
maugh River; along which it outcrops in typical form. It 



exteniJs from the top of tlie Upper Freeport coal to the base'of 
the Pittsburg coal. It is, like the Allegheny below" yaried in 
character, and few of its strata are uniform o\'er any consider­
able aren. The proportionate amounts of sandstone and shale 
are about the same as in the Allegheny, but there is relatively 
less limestone and much less coal. 

The entire thickness of the Conemaugh is over 500 feet in 
this part of the State. Of this, 280 feet, or nearly one-half, 
is exposed in the Foxburg quadrangle. the highest rocks being 
found 2 miles southeast of Petrolia. The formation caps the 
highest hills and its distribution is very nearly that of the 
Upper Freeport coal, just described, for it lies immediately 
above that bed. 

The strata above the Upper Freeport coal vary from olive 
shale to conglomeratic sandstone. Near Rimersburg the cool 
is overlain by 70 feet of uniform olive A4ale, with traces of 
black shale about 50 feet above the coal. Elsewhere the bllBRI 
stratum of the Conemau~ consists of massive sandstone. 
This sandstone is found 2-!- miles west of Limestone, 2 miles 
north of New Bethlehem, 1 mile east of Lower Hillvilll.", and 
one-half mile east of Sharpsburg Church. At the place I""t 
named the summit of the hill just reaches the sandstone, and 
about an acre is covered with huge bowlders 10 to 20 feet in 
-diameter. The rocks are nearly enough in place to indicate 
that the stratum represented is about 80 feet thick. This 
sandstone is known as the Mahoning sandstone member, from 
its extensive outcrops along Mahoning Creek. In many places 
it is separated from the Upper Freeport coal by a few feet of 
shale, and its upper limit is likewise irregular. 

Mahoning coal.-One mile northwest of Queenstown there 
is a coal bed 1 to 8 feet thick about 45 feet above the Upper 
Freeport coal, and there is also a "Second Summit vein" 2 
miles southeast of Concord Church. In the last named place 
the coal is nearly 8 feet thick, and lies 60 feet above the 
Upper Freeport. Elsewhere there is clay and some indication 
of limestone at this position. The "Second· Summit vein" is 
correlated with the Mahoning eoal, known locally in Pennsyl­
vania, West Virginia, and Ohio, and discussed elsewhere. The 
eoa] is generally found between two divisions of the Mahoning 
sandstone member. 

B1"WJh Creek coal.-About 75 to 110 feet above the Upper 
Freeport ,coal, or. the base of the Conemaugh, is found the 
Brush Creek coal. The interval between the Mahoning sand­
stone member and this coal is occupied by shale with a yellow­
ish cast. The coal is of little economic importance and is not 
persistent. The horizon is commonly marked by a peculiar 
dark shale, and in some sections by a bed of dark-blue lime­
stone. 

Balce1"stown coal.-Above the Brush Creek coal, and sepa­
rated from it by about 75 feet of sandy gray shale and thin 
sandstone, is the Bakerstown coal, so called from Bakerstown, 
in Allegheny County, where it has been considerably mined. 
A limestone also is found near this coal. 

The highest consolidated stram that outcrop in the Foxburg 
and Clarion quadrangles are greenish sandy shale, which 
extends about 75 feet above the horizon of the Bakerstown coal. 

TERTIARY SYSTEM. 

In the Kittanning folio, which treats of an adjoining area on 
the south, there have been mapped three small areas of allu­
vium which is thoug-ht to be older than Kansan grave], beeause 
it lies on rock shelves 100 feet higher than the Parker strath 
and no glacial gravel was found in it. A few scattered 
pebbles which seemed to be older than the Kansan were found 
in the Foxburg quadrangle, but the deposits were too small to 
be mapped. They are found at various elevations up to 50 
feet above the main terrnce deposits, but the rock floor under­
neath is very narrow and most of the pebbles are probably out 
of place, having been let down through erosion. They are 
thought to be Tertiary flood-plain gravels. 

QUATERNARY SYSTEM. 

PLEISTOCENE SERIES. 

After the deposition of the Carboniferous rocks just described 
sediments continued to accumulate for an unknown length of 
time, but before the end of the Carboniferous period the region 
was uplifted and has remained a land area until the present 
time. During this long period the surface has been subjected 
to erosion, and although the streams have carried away much 
material, they have also made local deposits. Of such deposits 
practically none remain except those made in Quaternary time. 
These consist of unconsolidated gravel, sand, clay, and silt, 
and are fonnd along the ri ver valleys at various altitudes form­
ing (1) high terraces, 200 to 800 feet above the present streams, 
(2) low terraces ranging up to 40 feet above present streams 
and (8) interme4iate terraces at various positions between the 
high and low terraces. 

With the exception of the few scattered pebbles which are 
perhaps remnants of Tertiary flood pla.in deposits, the highest 
and oldest of the terrare deposits is found 200 to 300 feet 

aRept. Top. and Gaol. Survey Corom. Pennsylvania., 1907, p. 162. 
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above the Valley bottoms and was laid dQwn at about the time 
of the first ice advance, or very early in the Qua.ternary period. 
Similar deposits are found througho-q.t much of western Penn­
sylvania, West Virginia, and adjacent tB;lTitory and may be 
divided into two general classes-first, those which contain 
glacial material, and seeo'nd, thos~ cqmposed of pebbles of local 
origin. The two classes are found in similar topographic posi­
tions and are approximately if not exactly synchronous but 
are of different origin. 

The gravels of the first class were deposited by streams over­
loaded with glacial dlibris, and thus represent ancient glacial 
valley trains. The cause of their deposition was the great 
increase of waste which was deliveroo to the streams by the 
melting ice. Gravel of the second class was dc::posited by 
streams which never carried glacial gravel, and whose load 
probably did 'not greatly increase.. Their deposition was due 
to change of gradient rather than to greater load. Since 
it is not certain that the' two classes of deposits were devel­
oped at exactly the same .time, and since they differ in 
origin and probably in other features, they have been given 
different names. The first class is spoken of as the early 
glacial gravel, and the second has been called Carmichaels for­
mation, from its excellent development near the town of that 
name in Greene County, Pa. In the Foxburg and Clarion 
quadrangles the early gl8(rlal gravel is extensively developed 
on the Allegheny, and the. Carmichaels formation appears on 
Clarion River ,and on Redbank Creek. 

EARLY GLACIAL GRAVEL (KANSAN?). 

Extent and composition.-The early glacial gravel of the 
Foxburg and Clarion quadrangles is confined to the valley of 
the Allegheny and lies on a rock shelf about 200 feet above 
the present stream. The formation consists of a heterogeneous 
inixture of well-weathered gravel and sand, varying·in kind of 
rock and in size of pebbles and grains. Some of the pebbles 
are of granite and other igneous rocks that must have come 
from Canada. Others are of the peculiar deep red Medina 
sandstone, which outcrops in New York but not within the 
drainage basin of the Allegheny. These pebbles are embedded 
in a mass of sand, silt, and clay, and other gravel, much of it 
doubtleSS of local origin. The bulk of the deposit is derived 
from quartz and sandstone and a very small amount from 
limestone, all being deeply decayed and some of the limestone 
showing large solution cavities. The amount of coarse material 
is proportionately much larger than in the Carmichaels for­
mation, and the deposit holds a fairly uniform thickness 
downstream. The width averages less than the width of the 
Carmichaels formation on the Clarion, and the upper limit of 
gravel does not reach so high an elevation. 

Upper suiface.-The upper surface of the gravel slopes 
downstream from 1145 feet near Foxburg to a little over 1130 
feet at the south boundary of the quadrangle. Owing to 
erosion, however, the upper limit is not at a definite altitude, 
but the deposit thins out irregularly, and pebbles are commonly 
found lying on rock 80 feet above tl18 general upper surface 
of the deposit. As a rule, the thinner parts are found at a 
higher elevation than the thicker, and this suggests that the 
difference in the upper limit of gravel may be due in part to a 
thinning of the formation since it was laid down. The total 
amount of thinning thus indicated. is about 30 feet, or 20 per 
cent, the original thickness being 150 feet. (See fig. 10, p. 
12.) The thinning may be ascribed to rain wash, settling, 
and solution ,by underground water. Rain wash carries away 
fine material and lelVes the coarse. Where the deposit is thin 
the amount of available fine material is small and isolated 
pebbles are left scattered over bedrock. Where the formation 
is thicker the process goes further because of the larger amount 
of material, the coarse becoming concentrated at the surface. 
The amount of settling that has taken place may not be 
appreciable, but the part played by solution has probably been 
considerable. When the material was first deposited it was com­
posed of glacially ground fresh rock of all kinds and hence 
it was in condition favorable for solution. Moreover, it caps 
a broad shelf on the side of the valley and has lain more or 
less in the course taken by underground water in its journey 
from the upland to the river. Its condition and location, 
therefore, have both favored solution by underground water, 
and the process is attested to-day by the large solution cavities 
in the more or less silicified limestone pebbles. 

Ongin.-The origin of the early glacial gravel seems to be 
clear. The formation is undoubtedly a stream deposit, and its 
development was contemporaneous and closely connected with 
the earliest glaciation. It is located in ,~e old valley below 
the debouchure of a new glacial tribntary, which was larger 
than the main stream,. and it is composed of rudely stratified, 
irregularly assort~d, coarse and fine material. The formation 
as a whole slopes downstream, and the material of which it is 
composed was carried through the newly formed gorge where 
the gradient was steep and spread out along the bottom of 
the old Allegheny Valley from Foxburg to and beyond Pitts­
burg. The deposit thus made was over 100 feet thick, possibly 
150 feet. 

CARMICHAELS FORMATION. 

Extent and composition.-The principal development of the 
Carmichaels formation is in the lower 10 miles of the valley of 
Clarion River. Here it occupies terraces, many of them a 
mile or more wide. The formation consists of sand, clay, and 
silt, in which are embedded well-rounded pebbles of quartz and 
sandstone and a few unworn bowlders of sandstone. At differ­
ent places estimates were made as to the proportionate amounts 
of gravel and fine material, and these range from 1:1 to 
1: 10. The coarsest parts of the deposit are at the base and at 
the surface, whent.'e the fine material has been washed away. 
The thickness near Foxburg ranges from 120 feet down to a 
few inches. Upstream the maximum thickness decreases to 60 
feet or less at Canoe Ripple, above which place there are only 
fragmentary remnants of the formation. 

The upper limit of gravel along Clarion River rises from an 
elevation at Foxburg of about 1145 feet, or 800 feet above the 
stream, to 1180 feet, or 220 feet above the river north of 
Callensburg. At Callensburg there are scattered pebbles as 
high as 1210 feet, but these are above the main terrace forma­
tion and are presumably remnants of Tertiary flood plain 
deposits. 

In the Clarion quadmngle there are several small areas of the 
Carmichaels formation. The largest in the valley of Clarion 
River lies just below Piney Creek, at an elevation of 1120-1160 
feet. The deposit contains well-rounded pebbles of quartz and 
sandstone one-half inch to 2 inches in diameter. Along Red­
bank Creek the Carmichaels formation is found 80 to 90 feet 
above water level and consists of sand and somewhat rounded 
but not smooth pebbles, mostly under 8 inches in diameter, 
but some reaching 8 inches. Near Hawthorn the exposures 
show a thickness of only 8 or 4 feet. 

Origin.-The evidence bearing on the origin and history of 
the Carmichaels formation is not so complete or decisive as 
that concerning the origin of the glacial gravels. Both seem 
to be stream deposits and, since they hold similar topographic 
relatio~s and, indeed, are intermingled near Foxburg, it is 
inferred that they are synchronous. However, the Carmichaels 
formation contains no glacial gravel and therefore was not 
deposited by a stream overloaded with waste frc.m the great 
ice sheet. In all probability the unworn sandstone. bowlders 
above mentioned have not traveled far. The quartz pebbles 
were derived from a conglomel'ate (probably the Olean con­
glomerate) which outcrops in the Clarion basin in Cameron, 
Elk, and Forest counties. Such pebbles were well rounded in 
the conglomerate before the stream picked them up. The 
origin of the high terrace gravels will be more fully discussed 
under the heading "Geologic history." 

INTBRMKDIATE TKRRAOB GRAVELS. 

Below the high terraces and above the outwash of the latest 
or Wisconsin glacier, there are at many places small deposits of 
gravel, particularly on long, sloping promontories on the inner 
side of the river bends. In some places, as at Callensburg, 
they lie on a rock floor; elsewhere, as at the great bend above 
Dotter, they are, simply, built terraces. There is less sand, 
clay, and silt, especially in those which occur on the Alle­
gheny, than there is in the Carmichaels formation. The thiek­
ness of the deposit is never over 25 feet and generally less 
than 15. 

Very small gravel terraces are found at Wood Hill 50 feet 
above the river; also at 90 and 170 feet. Three miles north 
of Dotter, on the opposite side of the river, there are others, 
50, SO, and 150 feet above the watet. These terrace deposits 
may have been produced by intermediate ice advances, but it 
seems quite possible, in view of their slight and irregular 
development, that they are normal stream deposits, which ha ve 
not been eroded away in the course of the stream's downward 
and lateral cutting. Their preservation is probably due to the 
place of their occurrence being on the inner side of bends of t.he 
river, where the stream has swung laterally away from them, 
and consequently the attacks of erosion have not been se,vere. 
Similar deposits are found on the Clarion, at Martin's Mill, 
Stover's Mill, and Callensburg. They are the remaining part 
of deposits made at various stages of the stream's downwaro 
cutting. 

Th~"outwash of the Wisconsin ice sheet and the present 
flood plain deposits a.re so mingled and the area of each is 
so narrow that they can not be mapped separately. The 
former is found up to about 60 feet above the present stream 
channels, and consists of fresh, well-ronnded pebbles of both 
local and distant origin. The proportion of crystalline pebbles 
is greater than in the earliest glacial outwash. 

The thickness of the Wisconsin gravel is as great as 40 feet 
across the river from Foxburg, but it was at one time mucb 
thicker, for gravel is found to a depth of 80 or 40 feet below 
the surface of the present strea.m, indicating a pre-Wisconsin 
cutting, a Wisconsin filling up to 60 feet above the present 
channel, and a later cutting to the present position. The ter­
rRetti thus produced are almost universally built terraces, there , 



being little evidence of Illt€ral erosion at this stage. On 
account of its narrowness much of the deposit can not he 
mapped, and its effeet generally is to make the vaHey side less 
steep, rather than to form a definite flat-topped terrace. 

The flood-plain deposits are found along large and small 
streams but are in all places narrow. They were made by the 
streams at times of high water and are composed of g:ravel, 
sand, and silt. The coarser material is generally at the base of 
the deposits and in the stream \channels. The central part is 
mixed, coarse and fine, and the top mo&tly fine silt. 

Thc widcst flood plain in the area is scarcely one-fourth of.a 
mile wide and lies 1 mile north of Dotter, but other areas 
almost as ,vide are found on very much smaller streams and 
some distanee from the river. The lower parts of the tribu­
tary streams have very narrow valleys and almost no flood 
plains. This feature is due to the uplift of the region and the 
enlargement of the drainage basin of Allegheny River, which 
caused the rivers to cut their narrow gorges. The small 
streams, being much less po,verfill erosive agents, have not yet 
deepened their valleys t.hroughout their- length. The flood 
plains along the uppcr part. of the tributaries are developed 
in those portions of the valleys which have as yet scarcely 
felt the effects of renewed erosion. 

A few of the trihutary streams have .flood plains along their 
lo-wer conrses. These may haye developed becanse of t.he over­
loading of the Allegheny during Wisconsin t.ime. As before 
st.ated, this river was flowing ata lower position in pre-Wiscon­
sin time than it is at present. During this long period, when 
the main stream could not cut. downward becanse of overload, 
some of the tributary streams may have constructed flood 
plains. 

STRUC'l'URE. 

In this region the layers of rock are nearly horizontal but 
have a general southward slope of 20 to 25 fcet per mile. This 
slope is not at all regular but. is intermpted by low folds in 
the southeastern part. and by minor irregularities throughout 
the area. 

MBTHOD OF HEPl{lij'!ENTIXG STRUCTUR]~. 

Structure is commonly represented in two -ways-by cross­
sections and by contour ·lines. The former metllOd is better 
for a region in which the rocks are sharply folded and faulted 
and the latter for a. region wherc tIle folds are very low and 
t.here is little or no faulting, for the structural features in 
such a region are scarcely perceptible in a cross section, so that 
contour lines show the structure much more clearly. In repre­
sent.ing structure by means of contours a reference stratum is 
chosen which has extensive outcrops and is easily recognized. 
The altitude, amount, and direction of slope of its surfilce are 
determined at as many points as possible, and lines, eaeh of 
which connec~ts points of equal elevation, are drawn on the 
map in t.he way in which topographic contour lines are drawn. 

In this folio the second method is followed and the reference 
stratum used is the Vanport limestone member. The contout 
interval on the map in this folio showing the structural geol­
o[!:y is 10 feet for t.he Foxburg quadrangle and 2,5 feet for 
the Clarion quadl1111gle. In some places the altitude of the 
reference stratum was obtained dil'ectly in outcrops, mines, 
or wells, and in ot.her places it was calculated from observa­
tions on otller reco~nizable strata, for the layers of rock are 
approximately parallel. Thc average spacing of the beds was 
obtHined hy rneaFmrements made at all places where two or 
more recognizable beds were found in outcrop or in a well 
boring. Thus, where a bed above the reference stnitllm was 
found, it" altitude \'·as determined and the average distance 
or the neat·est measured distance to the reference layer was 
subtracted. Where the out.C'l'Op of a bed helow 'Nas found the 
average interval was added, thus ~iving the approximate alti­
tude at whirh the reference strntum would lie ifit were present.. 
An intersection of a surfiiCe contour with a structure contour 
of t.he same elevation marks a point of outcrop of the Vanport 
limestone member. 

USE OF ~TRUG'f1~}n~ COXTOURH. 

The structure map is not. only of value for the scientitie 
study of broad structural problems but has also a pradical 
use in locat.ing and recognizing beds of eommercial importance. 
Since the roek strata are approximately parallel and 'the average 
spacing of t.he vaillahle hells is known (see sections in this 
folio), it is not diffieult to ealculate the approximat.e position 
of any bed at any point. This is done byaddillg to or sub­
tracting fi·om the elevation of' the reference stratuIll, as indi­
cated on the map, the average distance between the two. The 
map may. be used in tIlis way for locating not only coal, clay, 
and limestone, but a Iso t.he oil and gas-bearing rocks. 

In all mining exploitation in stwtified rocks it is essential t.o 
know the strike and dip of the beds. The importanee of this 
knowledge is well brought out by the hundreds of' coal pros­
pects which have been abandoned because the bed was found 
to dip away from the ou.tcrop. The _expense for draining and 
hauling up the slope to the opening was considered too great 
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to permit profit~ble work. In some plaees Jeep ditches have 
been dug to dmin mines, whereas if the dip of the hed had 
been known they would have been opened in more favorable 
locations. 

REI.IAllILITY OF ~TR,UCTURE CONTOURS. 

The reliability of t.he structure contours is (lffected by three 
factors-first, the accuracy Df the altitudes obtained directly; 
second, the variability of the calculat.ed intervals between the 
key rocks; third, the number and distribution of' the points 
whose altitudes are known. In the Clarion quadrangle the 
elevations of praetieally all coal outcrops, mines, and country 
banks were obtained with a spirit level, so that the limit of 
error for the first factor iR small, probably in most places less 
than 2 feet. In the Foxbnrg quadraTlgle the elevations were 
determined with a hand level, and the possible error is thought 
to average less than 3 feet. The limit of error for the second 
factor is much larger, because the different strata, arc not 
parallel. 

The effect of the third factor vanes in different areas. In 
nearly all of the Clarion quadmngle south of Piney Creek, 
points at which the altitudes of well-marked beds have been 
determined are numerOl1S and evenly distributed, but north of 
the creek such elevations are comparatively few. \Vhen aU the 
possibilities of error are allowed for, it may be assumed that 
the structure contours are correct within a contour intE:'l"val. 
Thus, in the Clarion quadrangle the position of each contour 
line..is thought to be in error less than 2.5 feet. On the 
Kellersburg anticline, however, between Day and Limel'ltone, 
and from Day to the northern border of the quadmngle, the 
data are so meager that the error may be greater than 25 feet. 

In the Foxburg quadrangle there are many places where the 
irregularities could not be sho,Yn with 25-foot contours, and 
consequently a smaller interval wag used. It. is thought that 
the extreme error is not more than 15 feet, and that the average 
is less than 5 feet. Certain district.s are known to be mapped 
more nearly corrcctly t.han others in which the data are meager 
and scarcely sufficient to warrant 10-foot contour lines. 

1<'ORMIm IDEAS OF STRUCTURE. 

In t.he report of the Second Geological Survey of Pennsyl­
vania on Clarion and Butler eonnties a Chance describes six 
antielines and seven synclines, which cross the Foxburg and 

FI(l-UtE .,-Geologic structure of the Foxburg, Clarion, Kittanning, flml 
Rural Valley quadrangles shown by eontourH on t.he Vanport limestone, 
Contour interval .10 feet. 

Clarion quadrangles. They may be represented by stmight 
lines drawn approximately N. 3;')° E., and thejr names and 
-positions, beginning at the southeast., are given below: 

Fairmount srndine. lying just. east of Fairmount City. 
Antonys R~nd anticline, passing about 2· milCR wCHt of New Bethlehem, 

and through Kingsville, 
Centerville syncline, neal" Rockville lind Frogtown, 
Kellersburg anticline, passing through Limestone, 
Lawwnham syncline, passing through the jllllCtiOll of Piney and l,ittlc 

Piney creeks, 

----_. -.-.. - .. -.--- -----

aSecond Goo!. Survey Penll8ylmnia, Rept. V, pp. 9--13: Rept. VV, pp. 
23--30. 

Bradys Benu anticline. near Rimersburg" and Reidsburg. 
Brad~'s Bend syncline. j llst east of Cat.fi.~h. Sligo, and (jL'lrion 
Millerstown anticline, passing aLOtlt 2 mileH east of We.~t Mont.erey, and 

t.hrough Callensburg anu the junet.ion of Paint and Deer creek,,;. 
Millerstown syncline, about. one-half mile northwest of the anticline. 
Martinsburg anticline and syncline, about one-half mile apart, near 

Baldwin and Parker. . 
Harrisburg anticline and syncline, about one-half mile apart, and passing 

neal" ''{ood Hill station. 

The present survey, instead of finding numerous straight 
and narrow parallel folds, ,vorked out a few irregular, broad 
folds, which are described in detail below. The structure of 
the Foxburg, Clarion, Kittanning, and Rural Valley quad­
nmgles is shown in figure 7. 

-FAIRMOUNT SYNCLINE. 

Beginning in the southeast corner of the area, the first 
struetural fea.ture is the Fairmount syncline. The course of 
the axis or middle line of this syncline is shown on the struc­
ture sheet to he nearly the same as described by Chance in the 
Pennsylvania report. It ent.ers the quadrangle oppORite :Fair­
mount City, crossf'S Redbank Creek between Town and Middle 
runs, and pas"es out of the quadrangle about 3 miles north of 
New Mayville. The dips of the Tocks in this syndine are 
steeper than anywhere else in either quadrangle. On the east 
side of t.he anticline the maximum dip is about 150 feet. per 
mile; on the west it is about 175 feet. 

K"RT,LEw·mUl{G ,\N'l'ICLINE. 

West of the Fairmount. syncline is the KelJersburg anticline. 
It crosses tllC area in approximately the course assigned to 
Bradys Bend antiC'line in the Pennsylvania reports, but it is a. 
continuation of' the Kellersburg anticline, as traced through 
the Kittanning and Rural Valley folios. The axis of this 
anticline enters the quadrangle about midway between Leather­
wood Station and New Bethlehem, follows a slight.ly serpentine 
course which passes about one-half mile east of Frogtown, and 
then out through the east boundary of' the quadrangle a mile 
east of' Day. The southeast flank of this anticline dips 7,1::, to 
175 feet per mile; the northwest flank dips 50 to 125 feet pet 
mile. 

BHADYS BENTl SYNCf,I~K 

The Bradys Rend syncline enters the Clarion quadrangle 
at the southwest eorner, near the point. of entrance as"igned by 
Chance to the Lawsonham syncline, follows a nearly direet 
course to Rockville, then turns sharply to a direction a little 
east of north, and disappears near Brinkerton. The dip of the 
rocks in this syncline is 25 to 75 feet per mile. 

RIMER."lBURG ANTICLINE. 

Northwest of' the Rradys Bend syncline is a low anticlinal 
fold, which extends from Rimersburg to Sharpsburg Church 
and seems to be a limb of the Kellersburg anticline that is 
nearly cut off by the Bradys Bend syncline. The fold is 
best developed near Rimersburg but dies ont a short distance 
west. 

JRREGUT,AR STRUCTURAL "FEATURFB. 

\Vest of the Kellersburg anticline there is a broad, Rhanow 
depression, the main axis of which extends from 'Vatson 
School through Ueidsburg, just west of Frampton and Stratton­
ville, and into Highland Township. Another Ion?:, shallow 
trough extends from Williamsburg toward Shippenville. The 
remaining structural features are the product of (1) irregular­
ities of the surface upon which each layer was deposited; (:?) 
differential settling; (3) warping at various times since deposit .. 
Some features, such as the depression west of' Knox, the one 
between Parker and Emlenton, and the one running north 
from Petrolia, suggest slight folding, but the strueture as a 
whole is that of gently sloping layers with slight irregularities 
throughout. The general dip is probably the result of defor­
mation since the rocks were laid clown, but the irregularities 
of the northwestern part of the area are somewhat similar 
to'those represented on coastal charts of such regions as that 
off Cape Henry or the central part of Chesapeake Bay, where 
there are hroao, low swells and shallow depresRions of'irregular 
shape and arrangement. It is therefore considered probable 
that the irregularities of structure are due in part to the 
shape of the floor upon which each successive stratum was 
laid down. 

The structure of the oil sancls, which lie from about 1000 to 
3000 feet below the Van port limestone, on which the COli tours 
of figure 7 are dmwn, is very similar to that of the surface 
beds, notwithstanding the fact. that the two horizons are sepa­
mted by a great unconformity. By comparing the structure of 
the oil sands with the structure of the Vanport limestone (see 
fig. 12, -po 15) it. will he seen that the larger folds are very 
similarly located in the beds above and below the unconformity. 
It will be seen, also, that the degree of folding in the oil "sands 
is appreciably greater than it is in the surface beds. This 
structural condition has been found to prevail over the Appa..; 
lachian region wherever the folds in the surface beds and the 
oil sands have been studied in detail. 



GEOLOGIC HISTORY. 

In the surface f~.atU1'es of the earth-hills, va Ileys, and 
plains-and in the numerou~ layers of roek that underlie' 
them arc recorded the earth's history and that of itl; various 
types of inhabitants. The events thus recorded are the 
results of general processes, snch liS oeforllwtion, erosion, and 
depo$ition. These processes modified the geography al1(l 
climate and in this WHy produced chill1ges in living organiRlllf".. 
The vast succession of geologic liml biologic changes can thus 
be made out hy a study of the l'oeks and hmd t<mns. 

Only two systems of strata, the Carboniferolls and Quater­
nary, are exposed in the Foxburg and Clarion quaJranglps, 
Hnd since the area is a small part of' the Appnlachian proviuee, 
a brief outline of the history of the province will be ~iycn. 

PALEOZOIC ERA. 

l'RE-CAHn05IYEI{0l1S TJM}~. 

Since there is practically no record of pre-Carboniferous time 
in the present l"Ork formations of the Appalachian province, it 
is evident that during this period much of' the province lay at 
the bottom of an ocean or mediterranean sea. A narrow belt 
a long the southeast side, together with the present Atlanti(' 
Coastal Plain and much territory covered by the Atlnntic 
Ocean, was at that time lano. This land extended to tllC 
north and wpst, so thaL western New England, northern ~ew 
York, und most of Canada, including Lflke Ontario, ,vere 
land areas. 

The coast of the mediterranean sell, or, as it has been called, 
tbe Appl-llachi(\n Gulf, did not oecupy the same position dur­
ing the Cambrian, Ordoviei!Jn, t:iilurian, and Devonian periods, 
but migrated more or less. The northwest coasL in particular 
o('('upied ull positions from central Pennsylvania and eastern 
Keutncky northwest as fHr aB ChicH§!;o, HlId west to 1m unknown 
diatatlC'(' beyond the present position of the :Mississippi. The 
southeast coast was more sb-lble nut! for a considerable part of 
the time lay n('ar the eHstern side of the present Appalaehian 
fl}ollntllino:. The land to the southeast of this has been called 
Appala(·hia. 

The strealll:'; whieh drained Appahlehi(\ ('anied lllueiJ sedi­
ment into the Appalachian Gulf. T:lis material was sprt'iul 
out in lllyers on the bottom of the Gulf and was later cemented 
into shale, sandstone, and conglomerate. The streams also 
carried many substances in solution. Among these were lime 
and salt, and these likewise accumulated in the Gulf in §!;reat 
volumes. Part of the lime was extracted by animals which 
had calcareous shells and by plants which secreted calcium 
carbonate. The remains of these organisms, together with 
such calcium carbonate as may have been chemically precipi­
tated, formed extensive beds of limestone. Not only the sedi­
ments themselves, but also the remains of living things buried 
in them, yield important data for deciphering the history of 
the region. 

In early Portage timc sediments began to accurnulate in 
the vicinity of the Catskills, in New York, probably in 
an inclosed fresh-water basin. Sedimentatioll continued into 
Chemung time and the area of deposition grew larger. Finally 
the Chemung deposits were buried under the layers of a con­
temporaneous and overlapping formation which is now found 
throughout a large area in Pennsylvania and New York and is 
known as the Catskill formation. In the type locality the 
Catskill formation is several thousand feet thick, but it thins 
toward the west, and in western Pennsylvania the deposits 
which are believed to represent it are only a few hundred feet 
thick. It is thus a shore or braekish-wtlter phase of the Upper 
Devonian and is the time equi valent of the Portage, Chemung, 
and probably the basal part of the l\lississippirm. It is charac­
terized throughout by beds of red shale, and it is often reeog­
ni1.£d by this feature when found in oil wells. However, there 
is a considerable thickness of sandstone which is not red, and 
this suggests that the sand may have had a different origin 
from tIle shale. 

Oil and gas are found in the lower part of the Carboniferous 
sediments and in the upper part of the pre-Carboniferous, in 
strata which are believed to represent the Portflge, Chemung, 
and Catskill formations. The sandstones of the Chemung (?) 
formation are known as the 'fiolln, Speechley, and \Varren 
sands. The sandstones of the Catskill (?) formation are known 
as the Fifth, Fourth, Butler Fourth Stray, Third or Gordon, 
Bowlder, Gordon Stray or Butler Third Stray, Snee or Blue 
Monday, and Nineveh Thirty-foot. The ori~in of the oil and 
gas is not known, but one of the most fayored thf'ories is that 
they are products derived from the organic matter buried in 
the rocks. In any ease, the porous sandstones form the res~l'­
voirs in which the oil and gas are now found stored. 

At the close of Devonian time thousands of feet of sediment 
had accumulatEd in the interior sea, Bnd at about this time 
occurred an earth movement that formed a broad, low fold, 
which extended through Ohio, Kentucky, and Tennessee and 
which is now known as the Cincinnati anticline. In this way 
a large area emerged from the sea and a long embayment was 
formed between the new uplift ~nd the old land w the east. 
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The rocks which outcrop in the Allegheny coal basin were laid 
do'wil in this embayment. 

CAHflONLFFIWUA PERIOD. 

The Curhoniferous pl'riod is so lIamed because formations of 
that age in many parts of the world ('ontain roal. Some of 
the Carboniferous rorks in the Foxburg and Clarion quad­
rangles are unquestionably of marjne origin. The Van port 
limeRtone, for example, is crowded with the rcmnins of OCefln 
Rhells. Other strata, such as the coals, must ha ve been IHid 
down on hmJ, bllt there are g-reat thicknessl'R of rock eoncern­
ing the origin of which wc know little more than that they are 
sf'dimcntary deposits. They may be either marine or conti­
nental, and somc of those which are, continental may be either 
lacustrine or flu viatilf', perhaps even eolian. However, it ifl 
verv evident that tllere was at no time in the Carboniferous 
pE'riod yery deE'p water in this region and thut the depositR 
WE'rc laid down near sea level. At difff'rent times there wel'P 
submergence and floodin,g by the spa emergenC'e, development 
of extensive swamp areas, deposition of stream-transported 
mnterinl, and at least one period of extensive erosion. 

At the beginning of the Carboniferous period stmd was 
spread oyer the bottom of the Appalachian Gulf in western 
Pennsylvania, thc resulting sandstone heing 2;3 to 150 ffet 
thick. This sand is known to tlle well drillers ns the 
Hundred-foot sand and is probably equivalent to the Berea 
sandstone of Ohio. Upon the Hundred-foot sand were dfpos­
ited layers of mud and sand, the dwracter of the scdiment 
being different in different places and the material varying 
from time to time with changes in climate and the altitude of 
the 1llud. Twice extf'nsi\"e bodies of sand were brought into 
the gulf: One of these is called the Murrysville stmd, Gas 
sand, Salt sand, and Butler gas sand. The other and Inter 
onc is now known as the First sand. Above the First sand 
shales predominate again. 

As stated elsewhere, the oldest rocks which ollterop in thc 
Foxburg and Clarion quadrnnglel-! belong to the Cuyahoga 
Dwmation. They are sandy shales carrying marine fossils. 
At the close of the Cuyahoga epoch pebbles of quartz some­
what larger than a marble were brought into the Appalacllian 
Gulf, and they are now found mixed through the upper foot 
or so of sandy shale. This implies a change from rather ·weak 
currents of water, which carried the mud and silt of the shale, 
to snch strong currents as would be necE'ssary to roll the peb­
bles. 1\[oreoyer, the pebbles seem to have been carriE'd a long 
distance, for they are well rounded. There IlIay have been at 
this time a considerable geographic change. 

Throughout the epoch following the Cuyuhoga the sedimcnts 
brought into the Appalachian Gulf were predominantly sandy. 
Mud was brought in at irregular intervals and now forms 
l'?nticlllar masses of shale in the sandstone which is known HS 

Burgoon sandstone. The shale is not so resistant as that of 
the Cuyahoga and fresh exposures of it are not common, but 
the lenses range in thickness from a few inches to a foot and 
are 10 to 20 feet in lateral extent. 

In the carly part of Burgoon time sand was deposited over a 
Inrge area to a depth of about 25 feet. The resulting sand­
stone was named Shenango sandstonc by the Second Geological 
Survey of Pennsylvania. In some localities fish bones, teeth, 
scnles, and spines are rather abundant, so that the rock has 
been called the fish bed. Overlying the sandstone is a shale, 
called the Shenango shale by the Second Gcological Survey of 
Pcnnsyhani~, which is said to havea uniform thickness of about 
50 feet in Crawford County. In the Foxburg quadrangle these 
members are recognizable but irregular, there being more or less 
sandstone inrlllded in the shale and more or less shale in the 
sandstone. The Shenango shale and sandstone were buried 
under about :100 feet of sand v .. ith mud lenses which now 
constitute the main body of the Burgoon formation. 

Imprints of land plants are also found in the Burgoon, and 
the great irregularity of kinds of sediment indicates coastal­
plain conditions. Some of the shale lenses contain marine 
fossils, but most of them do not, and it does not seem probable 
tli;lt the Foxburg and Clarion quadrangles were snbmerged in 
sea water for any considerable part of Burgoon time. Some of 
the sandstones are very irregularly cross-bedded and may be 
wind-deposited. 

At the close of Burgoon time ealcareous material was added 
to the sandy sediments in certain regions, producing the Loyal­
hanna ("Siliceous") limestone. This rock is not found in the 
Foxburg and Clarion quadrangles. It may never hayo been 
deposited, or it may have been eroded away before succeeding 
sediments were laid down. 

By the close of the Pocono many thousands of feet of sedi­
ment had been spread ovcr western Pennsylvania. No part of 
the area was much above the sea, but the snrrounding country 

was higher and streams continued to bring their loads of 
material into the depression. In the enrly part of Mauch 
Chunk time the sea was widespread and the Greenbrier lime­
stone was formed. Later, deposits of red mud and sand, 
derived probably from highly oxidized land to the east, w€'re 
piled up to a thicknf'ss ranging from 1000 to oYcr 2000 fcet. 
This indicates fllrther subsidcnce of this region, for it is (liffi­
cult to imagine tho accutnulfltion of so great a thickness if 
the sllrface remained quiet. But few fossils are found in these 
rocks and, as has been noted elsewhere, no Mauch Chunk is 
found in the Foxburg and Clarion quadrangles. 

Of thc rocks formed in the Pottsville epoch, sandstone and 
conglomerate greatly predominate, and over broad areas they 
are found to lie unconformably upon thc Mauch Chunk and 
older rocks. From this fact the conclusion is dra"n that 
beforc the opening of Pottsville time there was an uplift whirh 
resulted in the removal by erosion of a considerable part of the 
Maneh Chunk rocks and portions of underlying strata. The 
amount of erosion was greater in the west than in the east, 
and it is probable that in some parts of w€'stern Pennsyl­
yania the l\1aucll Chunk was completely removed, beelluse 
throughout extensive areas no trace of this formation can be 
found. 

While this erosion WIlS progressing on the Mauch Chunk in 
western Pennsylvania, the congl0meratf's of thc Pottsville for­
mation were being laid (lown in the southern Appalachian 
ref-don. Here also the first thick COllI beds were being formeO. 
By the time 3000 or 4000 feet of Pottsville rocks had nceumu­
lated in the southern Appalachian basin, the Pennsylvania 
portion had subsided again, and was also receiving (~ongloIIl­

erate deposits. The part of the basin which was submerged 
t:'arlif'st was near the western horder of' the State, and here the 
Sharon coal and conglomerate member WHS deposited before 
the Connoqucnessin§!; sandstone member was laid down in lhe 
region that includes thc Foxburg and Clarion (IwHlrangles. 
The formation of the Conlloquf'l1E'ssing lIDndstone, with its 
<lecompanying shtlles and coals, was followed by a change to 
quieter conditions, during which the shales, limestones, clays, 
and eoals of the Mercer member Wfre formed. The epoch 
closed with the active deposition of the Homewood sandstone 
member and accompanying shale. 

Conditions in the Allegheny epoch were much quieter than 
in the Pottsville. Sandstones, though coarse and thick in some 
places, are not so extensi ye. Coal beds make up a larger part of 
this formation than of any other formation in the Appalachian 
Basin. In the Foxburg and Clarion quadrangles no less than 
one-fourteenth of the Allegheny is made up of this valuahle 
mineral. The origin of coal has led to much speculation, but 
evidence seems to be conclusive that it is derived from accumu­
lated plant remains. The question most debated is that l'f'gard­
ing conditions of accumulation. The gE'neral1y aceepted theory, 
however, is that the coal originated in marsh growths, usnally 
of wide extent and near sea level. 

Coal making began soon after the close of the Pottsville 
epoch, being the result either of the filling of the Appala­
chian Gulf by Pottsville sediments or of' an uplift. The 
accumulation of this material was accompanied by somewhat 
irregular conditions, for many of the coal beds have numerons 
partings, indicating that from time' to time the marsh was 
!looded and mud was dcposited. Sl}bsidenef' followed the depo­
sition of the Brookville coal; then more shales and sandstones 
accumulated, thus beginning the compression that aided in the 
coal making. The shales and sandstones served as a base 
upon which the Crajgsville and later the -Clflrion coals were 
fOl'med. In the shalf' above the Clarion roab there are II largf' 
number of concl,ctions of iron orl'. Such concretions have 
usually been made nfter the consolidntion of the inclosing rock, 
by the slow gathering of material from scattered sou'·ce!:' and 
its redE'position in concentric layen" upon 80me small object 
that served IlS a core. 

After deposition of the Clarion subsidence took place which 
was geologically more important than any movement thnt 
had affected tIle region for a long time preceding, because it 
afforded an opportunity for the formation of a limestone of 
wide 'extent. This stratum, tile Vanport limestone m·ember, 
because of its persistence and characteristic qualities, is H 
valuable key rock. When 10 or 20 feet of limestone had 
beeu formed another tiltin§!; of the land occuned, which e~msed 
the limestone to be buried under shale and sandstone. A local 
deposit of flint clay is found in the northern part of the Clarion 
quadrangle, just above the limestone and seemingly replacing 
it to a greater or less extent. Flint clay is usually intimately 
associated with plastic clay and occurs in lenses. The two 
have pmctically the same chemical composition but differ 
greatly in physical propertie3. As compared with plastic 
clay, even of the same bed, Hint clay is not only almost 
entirely lacking in plasticity but is many times harder and 
denser and more refractory. 
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With the completion of the deposits of sandstone, shale, and 
clay just described, land had taken the place of water and con­
ditions had become favorable for extensive coal making. This 
period is marked by the formation of the Lower Kittanning 
coal, one of the most persistent and uniform beds in western 
Pennsylvania. The subsidence that caused the burying of the 
Lower Kittanning coal was followed· by a number of compar­
atively frequent changes, which resulted in a series of shales 
and shaly sandstones interbedded with small coals. Further 
deposition of shale and sandstone laid the foundation for the 
Lower Frepport cool, which in turn was buried by silt and 
sand and was succeeded at the close of the epoch by the for­
mation of the Upper Freeport coal. 

Conditions during the Conemaugh epoch were less favorable 
to coal forming than those of the Allegheny, so that, although 
the period was of long duration, much less coal was formed. 
The epoch commenced with a subsidence which allowed sand 
and mud to accumulate to a depth of 90 to 120 feet. This 
accumulation, the Mahoning sandstone member, is well devel­
oped over a wide area, and serves in some regions as a 
valuable key to the stratigraphy. At the same time that the 
sandstone was being deposited in some regions, shale was laid 
down in others, so that the thickness and the upper and lower 
limits of the Mahoning sandstone member are irregular. The 
sand was deposited in lenticular masses not over 30 or 40 feet 
thick. In some places no lenses of sand were included and the 
member is represented by shale. After the first 25 to 50 feet 
of strata had been laid down the vegetation forming the 
Mahoning coal developed, probably in local basins. But after 
the Mahoning coal waR deposited sand sedimentation was 
resumed, forming the upper division of the Mahoning mem­
ber. Then followed the deposition of the sandy olive shale 
which makes up the remainder of the Conemaugh and which 
is present in the Foxburg and Clarion quadrangles. In the 
midst of the epoch a subsidence took place that brought a bout 
a marine incursion and the formation of the fossiliferous Ames 
("Crinoidal") limestone member, none of which is now found 
in the quadrangles under discusaion. 

The Conemaugh epoch closed with a long period of slow 
deposition of shale alternating with sandstone. Although it is 
probable that all of these strata were deposited in the :Foxburg 
and Clarion quadrangles, a large part, probably 99 per cent, 
has been removed by later erosion. In the northern part of 
the area the formation is entirely absent, but in the southwest­
ern part, near Petrolia, m8ny hills, one of which extends 230 
feet above the Upper Freeport coal, are capped with the 
Conemaugh. 

At the close of Conemaugh time the Appalachian basin was 
nearly a level area. In some districts, as, for example, near 
Pittsburg, there is indication of erosion just preceding the 
opening of the Monongahela epoch, but such erosion did not 
proceed fur, for the Pittsburg coal, the basal layer of the 
Monongahela, was formed upon a nearly Hat surfii.ce. This 
coal is the most extensive and valuable in the Appalachian 
coa.l field. Its growth marks the culmination of the conditions 
favorable to coal formation. 

Throughout the remainder of the Monongahela epoch a 
succession of events similar to those described in the history of 
the Allegheny and Conemaugh occurred. The coals that 
were formed were the Redstone, Sewickley, Uniontown, and 
Waynesburg. These cOB:ls are generally thin and of small 
extent. The event next in geologic importance to the accumu­
lation of the Pittsburg coal was the formation, between the 
Sewickley and Uniontown coals, of the Henwood limestone 
member and the Uniontown limestone member, which with a 
few interbedded shales attained a thickness of' 160 feet. As 
these limestones contain no trace of marine organisms it is 
assumed that they were formed in fresh water, possibly by the 
precipitation of lime salts. There are no deposits of the 
Monongahela epoch in these quadrangles. . 

During the Dunkard epoch the closing events of the Car­
boniferous period took plaC{'. Conditions during this .time 
were generally quiet. Many altemating shaly and sandy 
deposits were laid down at short intervals, and with these were 
interspersed a few limestones and thin coals. At the end of 
the epoch sedimentf\tion ~sed in the Allegheny basin. 

POE>T·CARBONtFERQUS FOLDING AND UPLtF'l'. 

At the close of the period of sedimentation just described, 
which was characterized by gentle oscillations in the earth's 
surface, movements of a much more profound nature took 
place. Tremendous strains due to shrinkage of the earth's 
mterior caused the rocks, which had hitherto rested in approx­
imately horizontal positions, to bend into great folds, which 
run nearly parallel with the old shore lines. East of the Alle­
gheny Front these folds were very pronounced-the anticlines 
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were steep and hi~h and the synclines were narrow and deep-­
but to the west the folds were low and broad, and in the Fox­
burg quadrangle they are scarcely appreciable. 

MESOZOIC ERA. 

In addition to folding the rocks the post-Carboniferous 
deformation probably greatly increased the elevation of the 
land surface throughout the Appalachian province. With the 
advent of this condition new processes began to act, and the 
areas which before had almost continuously received rock 
material began to lose it by erosion. This erosion has con­
tinued practically without interruption to the present time, 
and at several times it has been accelerated by uplifts of 
the region. There is no good evidence of any general snb­
sidence. In the eastern part of the Appalachian province 
there was deformation in the Triassic period, and perhaps 
before this the land had been worn down considerably. After 
the Triassic deformation there may have been several other 
times when the land was reduced to a low level and again 
uplifted so that erosive processes were revived. The cycle of 
uplift, long-continued erosion that carved the land mass into 
hills or mountains which were later reduced nearly to a plain, 
and renewed uplift may have been repeated several times. 
The record of one cycle was to a ~reater or less extent destroyed 
in the next. Moreover, there are all possible stages in the pro­
cess of reduction to a plain, and the less complete the cycle the 
more easily is the record destroyed. 

One of the oldest and most perfect of the peneplains of 
which there is good record seems to pass beneath Cretaceous 
deposits in New Jersey and Alabama and hence must ha ve 
been developed before some time in the Cretaceous period. It 
has been thought by many physiographers that partE of this 
peneplain are preserved in the tops of Schooley and Kittatinny 
mountains in New Jersey and in many other even-crested 
mountains and hills in the Appalachian province, though it 
is believed that throughout much of western Pennsylvania 
there is not a vestige of this surface. Further careful work is 
necessary before this correlation can be relied upon as correct. 
At present it does not seem probable that any part of a Creta­
ceous peneplain is preserved in the Foxburg and Clarion 
quadrangles. 

CENOZOIC ERA. 

TERTIARY PERIOD. 

It is thought that a crustal movement again raised the 
region at a time near the opening of the Tertiary period, after 
which the erosion of the surface proceeded with renewed vigor 
until a lower but less extensive peneplain was formed. This 
new surface has been cOl.T6lated with the Harrisburg peneplain, 
which is well preaerved about that city. The highest hills in 
the Foxburg and Clarion quadrangles seem to approximate the 
present horizon of this elevated plain, but it is doubtful if any 
of the actual surface remains. 

As '8 whole, the surface correlated with the Harrisb!lrg 
peneplain now has the shape of a low ellipsoidal dome, the 
highest part being in McKean and Potter counties, in northern 
Pennsylvania. From an altitude of 2200 feet or more in that 
region the peneplain descends to 1200 feet in southwestern 
Pennsylvania and 500 feet in the southeastern part of the 
State. 

. QUATERNARY PERIOD. 

At the opening of the Quaternary period the physical 
features of western Pennsylvania had the general form which 
they display to--day, ·but many details of the valleys were differ­
ent. The belief is general that the present basin of Allegheny 
River includes not only its ancient preglacial basin but also 
the greater part of two other preglacial drainage bafllins. The 
map (fig. 8) shows the probable preglacial arrangement of 
streams. What is now the Clarion was formerly the upper 
part of Allegheny River, and what are now the middle and 
upper parts of Allegheny River were parts of two preglacial 
streams that discharged into a basin now occupied by Lake 
Erie. The Upper Allegheny flowed northwestward by Sala­
manca and Gowanda and thence down the Cattaraugus Valley. 
The old Middle Allegheny River had certain tributaries 
which rose npar Emlenton and Howed northwestward through 
Venango, Crawford, and Erie counties, Pa., along a channel 
now occupied in part by French and Conneaut creeks, and 
enterei the Erie basin just east of the Ohio--Pennsylvania 
line. The run-off from the rpgion now drained by Clarion 
;River and the lower part of the Allegheny flowed into the 
Lake Erie basin instead of to the Ohio and Mississippi, as .at 
present. The course of the ancient Lower Allegheny followed 
the present course from the mouth of Clarion River as far as 
the mouth of Beaver River, where a.pparently it turned to the 
north and followed an old valley now occupied in part by 
Beaver and Grand rivers to the Lake Erie basin. The prin­
cipal evidence of this former arrangement of drainage may be 
summed up as follows: 

1. The gradation plain of the Lower Allegheny continnes 
up the Clarion and the tribut'::lries which discharge below the 

mouth of that stream, while above the Clarion the Allegheny 
flows in a narrow, deep valley, \vith no high terraces. 

2. The tributaries of the Allegheny above the mouth of the 
.Clarion have channels that were not deepened to levels in 
harmony with a gradation plain so low as that of the Clal'ion. 

a. There is a high tract of country in the vicinity of 
Emlenton and Mariasville which resembles a low divide. 

4. North of the Foxburg quadrangle is a gradation plain 
that slopes northward. 

FmURB S.-Sketch map showing the probable preglacial 
drainage of western Pennsylvania.. The terminal 
mora.ine is shown by broken 61'081J(ld line. 

(After Leverett; wlth slight ",hang"", anu addition of tannln ... 1 moraine.) 

The river valleys were broader at the botto~ than at pr~nt, 
though the extreme breadth WHS reached later when they had 
been silted up and widened slightly. The valleys of the small 
tributaries were as broad throughout their length as the upper 
parts of these valleys now are. 

An early glacier advanced to within about l) mil~ of the 
northwest corner of the Foxburg quadrangle, and Mocked ull 
northward drainage outlets of western Pennsylvania. The ice 
was probably several thousand feet thick and held all surfaee 
water until southward outlets were formed across old divides. 
One of these divides was near Emlenton, just north of the 
present mouth of 1he Clarion. The other, which was between 
the old Upper und Middle Allegheny rivers, was near Warren, 
Pa., Hnd was uncovered as the glacier melted away, but before 
northward outlets were opened. Figure 9 ~hows the probable 

FIGURE D.-Probable preglacial drainage of the northwestern part of 
the Foxburg quadrangle. 

E,l'!Jmlenton; F, Foxburg; PL. Pa.rkersLaodlng; sp, at. Petersburg. 

pregla~al drainage of streams in the northwestern part of the 
Foxburg quadrangle. Thus, the Upper Allegheny cut a chan­
nel through to the Middle, and the Middle to the Lower. 



Numerous small streams were probably involved and possibly 
several other divides were severed, but these were the main 
changes. 

KANSAN (?) EPOCH. 

The hig-h stream terraces before dt>scribed are the remnants 
of the floors of ancient ,'alleys ,vhich had steep sides but 
bro~.d, flat bottoms. The term Parker strath has been npplied 
to the rock floor under the stream deposits, though the valley 
bottom represented by the upper surface of the terraces ,vas 
even mOre strathlike. (See fig-. 10.) It seems that at one time 

FHllJRE 10.-Generalized section across the Allegbeny Valley at Parker", 
I,anding, showing varions stages of erosion and valley fill. Vertical 
~cale exaggerated five time~. 

all the larger valleys of western Pennsylvania dif5played more 
or less strathlike features, for high rock terraces and abandoned 
ehannels are ('ommon and have long been recognized. 

Oti,qin of the h'igh ie1'races.-The origin of the hig-h terraccs 
anfl abandoned channels and their gravels has becn much 
discussed. Stevenson in 1870<! ('nlled attention to bencll€S 
along the valley of the Monongahela and its tributaries. He 
divided dlem into a higher series of twenty bencheR and a 
lower one of fi ve. The higher benches do not bear gra vel Hnd 
were attributed to marine action. They are probably entirely 
ahove those now being (liscussed, and later study of' them has 
shown tlwt they are obscure ano m'e probably due to hard 
layers of rock. Thc lower series of Stevcnson l'leems to include 
the benches here discussed, and he refers them to stream 
adion, without going int.o details of de\'elopment. 

In 188a G. F. 'Vrig-ht b presented cyidence of a large ice dmn 
at Cincinnati, and shortly therenfter I. C. Whiter, referred the 
ternlee deposits of the Monong'dhela to that dam. 

T. C. Chamberlin in 1890 d showed that the upper series 
described by Stevenson could not be ascribed to the ice dam 
beeause of their great range in altitude. He pointed out all'lo 
certain features of Stevenson's lower series which indicated 
that they were formed by streams, not lakes. He 110ted that­
(1) the terraces slope with the present streams; (2) the IIlaterial 
capping the terraces is distinctly fluYial; (3) they are rock 
plat.forms; (4) the form and the dif5tribution of the terraces 
indicate fluvial, not lacust.rine origin; (5) t.he Hbandoned elulll­
uels must have been of stream origin. 

In 189B ,\Vhite cxpressed himself' as still cOIlvinced that. t.he 
glacial Lake :Monongahela did exist. and that it. formed the 
terrace deposits, hut that the ice dam was prohahly in the 
vicinity of Beaver, Pa., and not at Cincinnati. 

In the Masontown-"C nionto\vn folio, published in 1902, 
~L R. Campbell advances the theory that the deposits and aban­
doned ('han nels are due to local ice dams formed in Kansan (1) 
time. He points out t.he fact that it is an extremely difficult. 
and slO\y process for a stream to cut off any of its meHnders in a 
rugged region like Pennsylvllllia, and that in such a region it 
is impossible for a stream to establish a tot.ally new course 
unless the conditions are very differcnt from those which 
normally affect the development of streams. 

:AIr. Campbell's idea is that ice jams formed in glacilil tillle, 
that these grew until they formed hug-e dams 100 or more feet 
high, that. they persisted for centurie~ until deposits over 100 
fect thick accumulated above them, and that Illany of these 
dams caused the rivers to abandon their old beds and cut 
new ones. 

In the Amity folio F. G. Clapp expresses the belief that 
1. C. 'Vhite's theory~that of ponded waters throughout much 
of western Pcnnsy I vania-will best account for the phenomena. 
He points out. the fact that the upper limit. of the strcam 
deposits in all the valleys of southwestern Pennsylvania and 
parts of' adjaeent States has a vertical range of but little oyer 
100 feet. But in thc survey just completed the gravel is found 
on Clarion River at an elevation of over 1180 feet., making the 
vertical range about 200 feet. 

In the region about Foxburg the terraces are very well 
developed and preserved, and one of the much-discussed 
abandoned channels or oxhmvs lies just across the river' from 
Parker's Landing, about 260 feet above the present stream 
channel. The region has been visited and studied by J. P. 
Lesley, H. M. Chance, G. F. Wright, T. C. Chamberlin, 
G. K. Gilbert, M. R. Campbell, E. H. Williams, Frank 
Leverett, and others. 

aproc. Am. Philos. Soc., yol. pp.289-316. 
1> Am. Jour. 3d ser., vol. 44-i>6. 
"Proc. Am. Adv. Sci., pp.212-213. 
dBul1. U S. Gpol. SHney No. 5S, pp. 13-38. 
"AIll. Geologist, vol. 18, December, 1896, pp. :.\6S-37!J. 
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Parker oxbow.-The old oxbow at Parker's Landing was first 
described by ChancC',a who calls attention to the dispropor­
tionate size and breadth of the valleys to the two small streams 
'which now flow jl~ them from the ~xbm" and also to the fact 
that between t.he heads of the streams there is low, swampy 
ground. Glacial gra vel of probable Kansan age is found 
almost continuously around the loop and in sotHe places the 
deposit. is over 50 feet thick. Chance inferred that. at the time 
of thc earliest ice advance this oxbow was occupied by Alle­
gheny HiveI' and that lit a subsequent time the neck vms 
severed. G. F. Wright held that this channel was forme({ and 
abandoned before glaciation, and that the glacial material now 
found in the ox bow was deposit.ed there at a time when the 
AHegheny, being overloaded with Kansan outwash, aggraded 
up to the level of' the oxbow; that. the gravel was carried into 
the ends of the loop, but that the river never reoccupied t.he 
entire loop. Wright has long advocated the .idea that the 
Allegheny was cut. in preglacial time to a level about 50 feet 
helow its present. channcl, and that the Kansan valley train 
was thus about 350 feet. thick, filling the inner gorge and part 
of tlH~ broad vallev above. 

Chamberlin and Gilbert studied the problem in 188n, and 
their conclusions b agrpe ,""ith those of Chance. In 1£100 E. II. 
'Villiams c agreed wit.h 'Vright that the river has not. oceupied 
t.he oxhO\v since the beginning- of t.he glacial period, but he 
went so fill' as t.o hold that the ri vel' never flowe(l around the 
so-called oxbow. He ascribes the feature to the work of t.wo 
small streams \vhieh "rise on opposit.e sidrs of a low col and 
debouch int.o the Allegheny gorge within a milc of one another, 
and in glacial time thrne two valleys were filled by ovel'wash 
deposits ming-Ied with material from t.he immediately arljacent 
slopes." He states also that the rock floor of the abandoned 
channel is not horizontal but slopes steeply toward t.he river. 

Fnmk LeveJ'ett(! considers E. H. Williams's view "Blore con­
sistent. witl] the featl1res than the one presented by Clnmee." 

The data gathered for this folio indicate, fir6t., that. the 
so·ealled Parker oxbow is an abandoned channel of' Alleg-heny 
.River and so is properly called an oxbow. The considerations 
whieh force such a conelusiol1 are these: (a) The depression 
bas a comparatively uniform widt.h of about a mile, the bound­
ing walls arc from 100 to 300 feet high, the two small streams 
thar. drain it rise in a swamp, and these are the only 1.\VO 

st.reams 1bat rise in an area of swampy ~round in t.he whole 
qnadrang-le; (b) the flhape is that of a brond, smooth eUl've, with 
the side of the valley imide the loop gently sloping and that 
outside hig-h and steep like the prpsfmt. valley a.round curves of' 
the river-for examplf', the curve of thc Clarion 1 Illile south 
of Tnrniphole; (c) a current with something like the strength 
of' a river mllst have flowed around the bend, for pebhles up to 
6 inches in diameter are found at the most. extreme part of the 
loop. 

The data indicate, second, that the abandoned channel was 
o(x~llpjed in a part of Kansan time. The presence of Kanp,an 
out\nlsh on the floor, which is at nearly the samc elevation as 
the floor under Kansan mat€rial m'arb}:, in(licates that. the last 
great event before the abandonment of the oxbow ,vas the 
advance of' thc Kansan ice sheet. The abandonment took 
place heforc the stream began to cut. down again, for drposits 
are found around the loop almost as high as t.he highest gra vel. 
The broad vll11ev around the oxbow ,vas cut. before this time. 
Onc Cllll only c~n.iecture how long a period was necessary for 
this. There is some evidence that the rock Hoor of the east end 
of the loop is higher than the Parker strath. If this be true the 
oxbow must have been dcyeloped either in pre-Kansan t.ime, 
before thl.? stream had cut as low as the Parker strath, or after 
the Allegh~ny had ag-graded until it was high enough to take 
this route. However this may be, the close association of the 
abandoned ehannel with the high terrace and the oceurrence 
of Kansan material in t.he channel show that it was occupied 
and abandoned in Kansan time. 

It appears, third, from the length, depth, and nalTowness of 
t.he rock channel through which the river now flows across the 
neck of the oxbow, that the oxbmv was not cut off in the wav 
that i'\tream meanders are ordinarily cut off; the evidenc~ 
points rather to superposition of' the stream. The present val­
ley across the neck of the abandoned channel is a nalTOW rock 
gorge over a mile long, and the top of the gorge ext.ends up to 
the level of' the highest part. of the old channel. 

Origin of the high termces of the POXbU1'Y and Cla1''ion 
quadran,qle8.G-In regard to the Allegheny Valley certain facts 
seem well established. The hig-h terraces are rock shelves 
about 170 feet above the present. stream, capped with 1 to 125 
feet of deeply decayed gravel, sand, and clay, that. were carried 
in by streams from an ice sheet, which was probably Kansan. 
The deposit slopes uo\v'nstl'eam from about 1145 feet at Parker 
to 1100 feet at Redbank. At. many places it is 100 feet thick 
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and there js no doubt that. the A lle~heny at one time ap:g-raded 
its channel to this depth. Considering the possible effects of 
crosion, including both surface weal' and settling by solution, it 
seems not improbable that the original deposit may have been 
150 feet thick. 

The Parker strath 01' rock floor under t.he terrace deposit is 
uneven, and at several places the rock floor is higher away 
from the river than near it. This sug-gests that there was more 
or less lateral corrasion dming thc time of a~gradation. It 
will thus be seen that the lower Allegheny Valley at the time 
of t.he first ice advanee may have been narrower than t.he 
present width of t.he Allcg'heny Valley above the Parker 
straHl. 

The history of the Allegheny Valley below Foxburg seems 
t.o be about:ls follows: At the opening of the glacial period 
the stream had a bout the same position as the present 1000-
foot level, aoo to 500 feet or more below the uplands. The 
site of the gorge of thc Allegheny above Foxburg was occupied 
by a small tributary. The Kansan iee sheet caused an E'nlarge­
ment of' the drainage basin and of the volume of the stream. 
Figure 10 shows the local drainage changes. The new river 
from the north was cutting a new valley and carried debris into 
the old valley, where the gradient of the stream was lower. 
In the old valley there was not only this large volume of 
material, but. glneial outwash; nnd after the glacier melted a way 
a new drainage basin was formed, comprising hundreds of square 
miles, covered with loose, eH8ily trHllsported glacial till, on which 
there were no established st.reflms. Until the new river gorge 
was cut down nearly to the level of tbe old Allegheny River 
nnd drainage lines throughout t.he new part of the Allegheny 
basin were well established and had somewhat. uniform grades 
great volumes of rock waste continued. to be poured forth 
from the mouth of the new gorge into the old valley. More­
over, during the time when the glacier stood nearest this area, 
the efficiency of t.he river was lowered by the attraction of the 
iee mass. The change ill \vater lc\'el produced by this attrac­
tion may have amounted in the Foxburg quadrangle to nearly 
half a foot per mile. Thus the Lower Alleg-heny was unable 
to earry t.he load thrust upon it. and so swept along only a 
part of t.he waste, in genera.lleaving the coarser part and carry­
ing the finer, toget.hcr with fine material derived from the 
weathering of its banks and t.he finer part. of dIaL which was 
brought to it. by tributary strf'.ams. 

As the ne'v stream lm"d itf5 tribut.aries reaehed approximate 
adjustment, t.he volume of material brought t.o the Lmver Alle­
gheny diminished uutil the river was not only able to carry its 
load, hut began to carry away part of t.he gravel which it had 
dropped. For a time it meandered about in its former deposits 
and formed the benches lower than L.he upper limit of g-ravel, 
one of the best. of which is on the west. side of t.he 1'i vel' 2 
miles north of Pa.rker's Landing and about 80 feet below 
the highest glacial gravel. Then followcd the downcutting 
which produced the present g-orge. The Alleg-heny may have 
aggraded at several times, perhaps at cach icc advance, but 
little record of such aggradation is preserved except. that of 
the Wisconsin stage. There are narrow inierrupted terraces at 
several positions below the Kansan, alld there are apposits of 
gravel about 40 feet above the river which are supposed to be 
a part of the gravel filling which took place in conneet.ion with 
the ,"Visconsin glaeiation. The watcrworn of the 
quartz pebbles in the Carmichaels formation not of itself 
prove that. they were brought from a ~l'eat. distmlCe, f{ll' they 
might have been derived from' an existing conglomeratc of 
well-worn pebbles, but no rock containing pebhles as coarse as 
these il'l found in the Clario!l and Foxburg quadrangles, and 
probably not within l50 miles of them. 

The mingling of the gravels of the Clari()H and Allegheny 
rivers at. the confluenee of' t.he two streams and t.he coneordance 
of' their upper elevations at. t.hat plaC'e indicates thllt they were 
developed at the same time. It is thought, however, that. t.hey 
are not. due to the same cause, but rather t1lflt. the gravel 
terraces on the Clarion were due t.o the building up of the 
stream into which it dif5charg-ed. Thc mixture of pebbles 
showing varying degrees of wear-of ang~lar bowlders with 
well-rounded pebbles from a digmnce-serves to distinguish 
this deposit from ordinary fluvial gravels in which the pebblcs 
S4QW an approximately uniform degree of rounding. There 
are many la.rge angular sandst.one bowlders which have scarcely 
been modified by the stream and which probably lie llear their 
pareut ledge in the valley wall. 

As the top of' the glacial valley train along the main stream 
rose the deposit on the Clarion grew thicker and lengthened 
upstream. This process continued unt.il t.he Allegheny ceased 
to build up. The evidence that the valley train did not. da.m 
t.he Clarion and produce a lake lies in the fact t.hat coarse 
materials are found throughout the Clarion dcposits: especially 
at the base. The coarsest gravel seen was found at the upper 
end of the tenace at Canoe Ripple. The fact that the upper 
limit of gravel is not at the same elevation but rises upstream 
from 1145 feet near Foxburg to over 1180 feet near Callens­
burg, 8 miles upstream, of itself indicates that at least the upper 
part of the deposit was laid down by the stream. 



If the terraces of the Clarion were above the Kansan 
material, their greater width, as compared ·with those of the 
Allegheny, might be explained by assuming an eastward tilt­
ing of the earth's surface in this region, decreasing the gradient 
of the westward-flowing Clarion and increasing the gradient 
of the southward-flowing Allegheny, but there should be 
other evidence of such a tilt, and such evidence seems to be 
lacking. l\foreover, the close connection of these tel'l'aces with 
those of the Allegheny indicates that they are genetically 
closely related. 

The thickness of the terrace gravels of Clarion River can 
be gotten only from well records, and reliable records are not 
abundant. There are enough, however, to show that the thick­
ness varies greatly in short distances and to indicate that the 
filled part of the old valley of the Clarion was mueh narrower 
than the part above the fill. The present very crooked course 
of the stream and the termces at manv different elevations 
show that the stream has had much 13te;al swing, and it may 
be that much lateral corrasion took place while the Clarion 
was waiting for the Allegheny to carry out its load and resnme 
the work of downward cutting. 

The part which differing rock hardness has played in the 
development of the Clarion Valley has probably been consider­
able. The rock floor of most of the terraces is sandstone 
(Pocono or Pottsville), whereas the sides of the valleys above 
the terraces are composed largely of shale. South of St. Peters­
burg a heavy sandstone lies above the terrace levels, and here 
the valley is so much constricted that for a mile terr~es are 
lacking. However, the narrower terraces of the Allegheny can 
not be accounted for by a difference in underlying ro('k, for the 
rocks are practically the same along both rivers. 

Some lower terraces, such as the one 65 feet above the ri vel' 
southeast of Callensburg, may also have been cut at a time 
when the Allegheny was overloaded with later glacial debris, 
perhaps Illinoian. However this may be, it would seem that 
the overloading of the Allegheny in early glacial time must; 
have lasted much longer than in any later epoch, for the 
higher terraces are much the wider. 

The cause of the abandonment of the channel just southeast 
of Callensburg is not evident. It is fully 100 feet below the 
high terrace deposits and only 66 feet above the stream. The 
present gorge through the neck of the loop seems a little too 
narrow to have been cut through from one side by the river, 
but the neck is short. No evidence was found at this place 
either of an ice dam or of silting up and snperposition. 

There are but few terrmces on the Allegheny aboye the 
mouth of the Clarion. The gorge is very narrow, and its 
narrowness is due prineipally to its comparative youth, but 
the valley may be narrower than it would have been if the 
rock strata along its walls had been no more resistant thall the 
underlying rock neal' Parkers Landing. Probably the most 
resistant rocks in the Foxburg quadrangle Hre the sandstones 
of the Pottsville and Ule Pocono in the vicinity of Emlenton. 
At Foxburg these sandstones are finely cross-bedded and much 
less roherent, while at Parkers Landing bOUl the Pottsville and 
Pocono are composed largely of sh~le. Not only do these for­
matious become morc resistant to the north, but they are found 
at a higher elevation. At Parkers Landing the top of the 
Pottsvillp is 100 feei higher than the Parker strath, and it is 
140 feet higher 8till at Emlenton. 

The featurf's of the high terraces and abandoned channels of 
the Foxburg quadrangle may be summfll'iztd as follows: There 
seems to be no evidenre of local ice dams and no evidence of 
a ,general paneling of waters; on the other hand, no features 
were observed which could not be satisfactorily ascribed to 
aggradation !lnd to the dcgradation whidl fonowed, together 
with the ordinary work of streams. 

8ince the high terraces were fOl'med no extensive deposits 
have accumulated in the Foxburg and Clarion quadrangles, 
ancl the erosion which has taken plaee is shown clearly in the 
depths of the river valleys below the high terraces. The 
eurth's surface in this region does not seem to have been 
deformed at all in Recent time, except, possibly, by a general 
uplift. The rock strata ha\'e never been greatly fuultPd or 
folded and the old stream deposits ha ve a uniform slope. The 
deep river gorges indicate regional elevation, hut the clev!ltion 
may have taken phwe beforc or during the developn!ent of tlle 
high terraces. 

The meunders of the rivers have been and ure still increas­
ing in size, as is shown very clearly by the gTavel-bearing 
promontories on the inner sides of the bends, gently sloping 
from the high terrace down to the present clumnel, and by the 
steep wall of the valley on the outer sides of the bends. 

Some other changes in drainage have taken place since early 
glacial time. One and one-half miles west of Turniphole are 
two small streams, the seyel'ed parts of a larger one which once 
flowed very near Clarion River and parallel to it, but the rive1' 
valley widened as it deepened, and the river itself swung 
slightly toward the smaller stream, which was flowing in a 
shallow nlllf'y because it was unable to cut down as rapidly as 
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the large stn:am. A gully or wash cut across the narrow 
divide which separated them and the small stream was 
beheaded. 

Formerly Clarion River flowed almost completely around 
the high point of land on which Callensburg is situated, but 
before'Visconsiu time the neek which joined this promontory 
to the high land on the north was severed, and the old course 
was left an abandoned channel or oxbow. 

Still another change involved Mill Creek, in the northwest­
ern part of the Foxburg quadrangle. This stream formerly 
discharged into the riYer at Dotter station, having a course 
parallel to the river, similar to the stream near Turniphole. 
Here the river swung laterally, captured the smal] stream, 
and gave it an outlct li miles above its old one. The river 
absorbed about a mile of Mill Creek valley and is now 
unusually wide at this place, while immediately above Dotter 
a high isolated hill separates the old valley of the tributary 
from the present river valley. 

Before the last glacier advanced the Allegheny had cut 
probably 40 or 50 feet lower than its present channel, for it 
now flows not over hedrock, but over a graxel deposit 40 to 50 
feet thick. The Wisconsin ice sheet again overloaded the 
stream and its channel seems to have heen buried under nearly 
100 feet of gravel, but the valley was narrow and this body of 
gra vlel vms not nearly so great as the volume of the Kansan 
outwash. The latest work of the Allegheny has been cleaning 
this Wisconsin gladal debris from its valley-a work which is 
not yet completed. 

MINERAL RESOURCF..8. 

The mineml resources of the Foxburg and Clarion quad­
rangles include coal, oil, gas, clay, shale, iron, limestone, 
sandstone, sand, gravel, soil, and water. 

COAL. 

Mines have been opened on no Jess than eleven diffcrent 
beds of coal, four of which, the Lower Clarion, Lower Kittan­
ning, Lower Freeport, and Upper Freeport, are known to bc 
of workable thickness throughout considerable areas. Open­
ings have also been made on the Mercer, Brookville, Craigs­
ville, Upper Clarion, Middle and Upper Kitlanning, and 
Mahoning coals. The following figure shows representative 
sections of the more valuable beds. 

FIGURE 11.-Sections of coals in Foxburg and Clarion quadrangle~. 

1. Clarion 0081, one·half mile south of Bruin. 
2. Lower Clarion coal. 1 mile northeast of Emlenton 
3. Uppel'Clarion coal. Rkhlund C" .. 1 Co. mine, St. Petersbu,!;\,. 
4. Lower Kittauulng eoa1, Catfish mine, 
.,. Lowt'r Kittanning coal, 3 mil~" north of CUJlenlliJurg. 
D. Lower Klttanning coal, on\'.half mile west of Frampton 
7. Upper Freoporleoal,2milesnortheastofPetrolia.. 
8. Upper Fre\'port coal, 114 mile~ northeast of Truittsburg. 

Scale' linch~5f\'et. 

A bulletin on the coal, oil, and gas of the Foxburg quad­
rangle is in press a and on this account the present discussion 
will not be as extended as might otherwise be warranted. 

The Mereer coal beds are thin and shaly and are couse­
quently of little \'alue. At several places-as, for example, 1 
mile soutlwfltlt of Callensburg-drillers report a bed of black, 
carbonaceous material 4 to 8 feet thick at the position of t.he 
Mereer, but no such thickness of Mercer coal was seen in out­
crop, and it seems probable thut the carbonaceous bed is black 
shale or shaly coal and not good coal. The Mercer seems to 
be best developed and the eoal thickest along a belt extending 
from Callensburg to Parkers Landing. 

The Brookville coal is somewhat thicker on the average than 
any of the Merrer ('oal heds, bnt is ~enerally too thin to be 
workable. In Illany places it i:::: broken up by thick partings, 
and in some places jts sulphur content is large. 

In the northeast corner of the Clarion quadmngle, near its 
type loeality, the Brookville coal is 4{- feet thick. In a country 
bank 2 miles southeast of Madison schoolhonse it measures 2 
feet 9 inches, including a 7-inch parting of shale and pyrite in 
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the middle. The Brookville coal is also exposed in a bank 2 
miles west of' \Villiamsburg, where it is 2 feet 4 inches thick. 
A nother small drift on the Broobrille coal is on the Russell 
farm, 3 miles southeast of Emlenton. At this plaee the coal is 
over Vi inches thick and parts of the bed resemble cannel. 

At many places the Brookville is divided into several mem­
bers or benrhes, notably in the vicinity of Knox, where the 
distance from the top of the highest bench to the bottom of the 
lowest is apparently 1 .. 5 feet. Other sections, particularly those 
measured in the vicinity of Shippenville, show a similar divi­
sion of the coal, but. toward the south the partings decrease in 
thickness and disappear. 

Except in one 01' two small areas the Craigsville coal is of 
no economic value in these quadrangles. Where seen and 
recognized it mnges in thickness from 3 inches to 38 inches. 
Southeast of Knox there are sev:eral abandoned prospects on 
this bed, in which the coal is reported to he 3 feet thick. Its 
greatest thickness observed in the Foxburg quadrangle was in 
the weathered outcrop 1 mile east of Callcnsburg, where it 
lIleasures 20 inches. At Sligo there are two mines on this 
coa l, which is here about R feet thick. 

The Lower Clarion coal is snlphurous and carries Olle or 
more binders, but it is 2 to 7 feet thick, is persistent., and 
is the most extensive and valuable bed in the Foxburg quad­
rangle. It probably underlies the whole quadmngle except 
where it has been removed by erosion. The bed contains a 
large amount of' iron pyrites or sulphur-so large that it 
serves to identify the coI:I1 and has given risc to the name 
"Sulphur \·ein." 

In the Ilorthcrn pa.rt of the Clarion quadmngle the roal lies 
below a heayy sandstone, which makes a strong roof. There 
is, however, a shale or clay between the coal and the sandstones, 
which ranges in thickness from a few inches to 2 feet. The 
sandstone forms a marked physiogmphic feature in this area, 
and its benches indicate clearly the horizon of the coaL There 
is such a bench at the northe~t edge of the town of Clarion, 
alld another is prominent south of the pike about one-half 
mile east of Clarion Junction. 

In the southern half of the Clarion quadrangle the Lower 
Clarion coal is gcnerally thin, but in openings 1 mile south of 
New Mayville and 3 miles west of New Bethlehem it measures 
26 and 27 inrhes, respectively. 

The Upper Clarion coal, which seems to be a split from the 
Lower Clarion, is prf'sent throughout much of the area aud is 
locall v minable. In the south west corner of the Foxburg 
quad;angle the Clarion coals form a single bed but elsewhere in 
the quadrangle they (,Dnsist of two beds (the Upper Clarion 
and the Lower Clarion) which generally are about 10 feel 
apart-too far to prernit both to he mined from thc same open­
ing. Between Parkel'S Landing and St. Petersburg the coal 
is in places nearly 5 feet thick and has been shipped from two 
mines. 

In the Clarion quadrangle and the southern half of the 
Foxburg, the most important coal is the Lowcr Kittanning. 
It is persistent and llniform in thickness throughout wide 
areas. No l'egular partings occur ih the coal and the irregula.r 
partings are thin, few of them being over half an inch thick. 
In ahout half of the sections measured no bedded impurities 
were noted. In the others a splinty binder, one-half to 2~ 
inrhes thick, occurs from 6 to 12 inches below the top of the 
coaL It is readily distinguished on fresh surfaces of the coal, 
but in mining no attention is paid to it. 

The a verage thickness of the Lower Kittanning coal is 3 
feet, as shown by measured sections in the Clarion quadrangle 
and the southern' part of the Foxburg quadrangle, hut its 
upper part, _which generally consists of clean coal, is 32 to 34 
inches thick. In the northern part of the Foxburg quadrangle 
the coal is broken up by partings and over considerable areas 
is thin or absent. In the'vicinity of Emlenton t.here is scarcely 
a trace of it. 

Whereycr seen, the bed has a shale roof and clay floor. 
Analyses of the coal generally show that it is high in sulphur 
and moderately high in ash, but it contains less sulphur and 
is more valuable than the Clarion coals. In the vicinity of 
Welltlings Corners it is unusually free from sulphur and hal'! 
been used as a blacksmith coal. 

Over t.he greater part of the region the eoal bed is in such 
a. position that it can be mined by drifting. In the northern 
third of the arp.a it is found only in a few isolated patches, 
and these are now practically worked out, but sOHth of a line 
drawn throujl;h Clarion and Parker the coal bed OCCUl'S in 
nearly all the hills. 

As noted under the headin~ "Geology," there is au area. 
several miles wide between Leathenvood and Frampton where 



there are no openings on the Lower Kittanning, and in this 
region the coal is probably not thick enough to be mined prof­
itably. On the J. H. Strickler farm, 3 miles south of Clarion, 
an opening has been made on a coal which appeal'S to be the 
lower of the two beds af'lSigned to the Lower Kittanning hori­
zon in the geologic section. 

From Sligo northward to Clarion Rivei' there appears to be 
nothing but clay behYeen the two beds, but in the northeast 
eorner of the Foxburg quadrangle there are two coal beds 
separated by shale and sandstone near the position of the 
Lower Kittanning. The upper one is the more v!lluable and 
sho"ys very nnusuallocal dips. Near Wentling8 Cornel'S there 
is said to he a drop of 30 feet in a distance of 40 rods. 

Much of the coal that is shipped from these quadrangles is 
taken from the Lower Kittanning bed. It is used as a 
domestie and steam coal in northwestern Pennsylvania and 
western N ew York, and a small amount goes to Canada. 

. As already stated, there are in the Clarion quadrangle two 
coals between the Lower and Upper Kittanning, and a few 
local mines are opened on eaeh of them. In these mines 
the coal is from 2 feet to 2 feet 4 inches in thickness, 
except in a bflnk Oll the upper coal about 1 mile north of 
New Bethlehem, where it is 4 feet thick and of excellent 
quality. In the central and southwestern part of the Fox­
burg quadrangle the Middle Kittanning is 12 to 30 inches 
thick, averaging ahout 16 inches. It is commonly held as 
a reserve Rupply by farmers when they sell the Lower 
Kittanning. There are several small country banks on til is 
coal. 

The Upper Kittanning coal is variable in thickness and 
quality and is wort.hy of the name" Pot vein," by which it is 
also known. Except for one or two banks this coal is found 
only in the southern half of the quadrangle. In most of the 
few openings it is thin and dirty, hut in a bank 2 miles north 
of J\Tew Bethlf'hem it is:) feet thick. Near Petrolia also it is 
minable, but in one place its thickness decreases in 200 yards 
from ':5 feet () inches to 7 inches. 

The Lower Freeport coal has been worked commercially 
only in the vicinity of New Bethlehem but has been opened 
in a number of country banks. This coal is absent from large 
Areas fllld where present it is genel"dlly too thin to be mined. 
In the New Bethlehem region the coal ranges in thickness 
from 3t to T~ feet and is of good quality, but it is nearly 
worked out. 

About 3 miles southeast of 'Vest Freedom the Lower Free­
port coal is known as the "'Villcott vein." It is mined here in 
sevcral country banks and its quality is, as usual, very good, 
but a parting of shale about 2 feet thick separates the coal into 
two benches, each about 2 feet thick. 

Next to the Lower Kittanning and Clarion coals the Upper 
Freeport is the most valuable in the }"'oxburg quadrangle. It 
is persistent and is of minable thickness in perhaps half of 
the area in which it occurs. There are no shipping mines on 
this coal, but in the vicinity of Hedbank, just south of the 
area, it has been mined extensively for the last fifty years, and 
much of it has been coked. The coke was not of superior 
quality but ,vas used in iron smelting. The Upper Freeport 
is found neal' the tops iJf the hills; consequently it occurs in 
many isolated areas and its outcrop is long and irregular. It 
is extensively worked in the vicinity of Rimersburg and nel'lr 
Baldwin. 

In the Clarion quadrangle the Upper Freeport COl'll, besides 
being worked" in approximately ~he same areas as the Lower, 
is also opened in the hill 2 miles north by east from TTIlitts­
burg; in the ridge 2 miles west of this town; on the Clarion­
Redbank divide, ltr miles west of' Sloan Gap; and in Myers 
HilI, 2! miles south by east. from Sligo. All the openinW'l are 
on small bodies of eoal, near the hilltops. The thickness 
ranges from 3+ to 5+ feet. 

The Mahoning coal seems to be unworkable in these quad­
rangles. It has been prospected near Queenstown and 3 miles 
southeast of West Freedom, where it is known as the "Second 
Summit vein." Rut the coal lies under light ~ovel' and scarcely 
reaches workable thickness. It is, however, reported to be of 
very good quality. 

The following analyses of' coals were made at the United 
States Geological Survey's fuel-resting plant at St. Louis, 
Mo., from samples properly cut and quartered in accord­
ance with the practice of the Survey, and shipped in air-t.ight 
cans, 
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l'ETROJ,EUM AND NATURAJ, GAS. 

The Clarion :md Foxburg quadrangles lie within the great 
petroleum and natural gas region of western Pennsylvania, and 
from this area enormous quant.ities of both of these products 
have been obtained. Drilling was begun 11ere us early as 1865, 
when a well was sunk on Clarion River at the mouth of Deer 
Creek, in whieh oil was found. Between 1865 and 1R70 a 
number of wells ",;eTC drilled at that point, some of which 
flowed oil in small quantities. Several hundred barrels of' this 
oil were shipped by barges to Pittsburg. The wells were not 
catled and much trouble WHS expm'ienced with salt water; the 
wells produced only for a short time, until the ~fjS pressure 
was relieved, and were then drowned out. The development of' 
the larger pools began at Foxburg in 1869, when the first 
well in the great Petrolia-Elk City field WtlS completed. Soon 
after this well was brought in another was drilled at the head 
of Armstrong Run, in Perry Township, Armstrong County, 
whil'h began flowing nt the rate of 2000 barrels per day. 
These wells initiated one of the great. oil exeitements, which 
have frequently occurred in Pennsylvania since Drake's dis­
eoyery at Oil Creek in 18;:')9. Development work was so rapid 
that as early as 1871) the great Petrolia-Elk City and the Cross 
Belt fields were fairly well outlined, and more than 1700 wells 
had been drilled having a total daily production of more than 
20,000 barrels. -Since that time thousands of deep wells have 
been sunk in these quadrangles, both in search of lIew pools 
and in retesting areas partly depleted during the early oil 
excitement. This drilling has thoroughly tested most of this 
territory, though there still remain a number of small isolated 
a. l'eas which may be found to contain pools of considerable 
value. 

The oil and g'dS is found in greater or less quantities in 
nearly all of the sandstones from the base of the Burgoon down 
to and including the oil sands at the top of the Portage (?) 
formation, which are believed to represent the Bradford oil 
sands. 

Practically all of the oil and most of the gas found in 
commercial quantities occur, however, in the Venango oil 
sands of the Catskill (?) formation and the lower Pocono. 
Named in the order of their productiveness these are the Third 
or Gordon, 1,i'ourth, Hundred-foot, Third Stray or Gordon 
Stray, MUl'l'ys~ille, Bowlder, Nineveh Thirty-foot, Fifth, and 
}'irst sands. The Speechley, Tiona, and Bradford (?) sands 
are exclusively gas producers in these qltadrangles, though an 
oil pool of considerable ~'a.lue occurs in the Speeehley just 
beyond the western border of the Foxburg quadrangle in the 
vicinity of Bl'lld win. From the maps showing the oil and gas 
pools, it may be seen that most of the great oil pools are con­
fined to the Foxburg quadrangle and that the largest distinct 
gas pool~ occur toward the eastern border of the Clarion quad­
rangle, ,,,,here the folding is more pronounced. In a general 
way the tendency of the oil pools to lie west of and npart from 
the great gas producing areas is characteristic of these accu­
mulations throughout the entire Appalachian region and 
especially in Pennsylvania. The geologic reasons for tllis 
tendency are not apparent. 

POOLS T~ THR ERA.DFORD (1) SANDS. 

So fiu as known the two sands that are called by the drillers 
in this region the First and Second Bradford sands contain no 
commercial oil pools in the Clarion and Foxburg quadrangles, 
though small quantities of oil have been reported in them in 
several wells. The principal gas pools in these sands are in 
the central part of Monroe Township, Clarion County, and in 
the Greenville field, which is located along the crest of the 
Kellersburg anticline in LimEStone Township. In these areas 
a number of good gas wells are producing from each of the 
Bradford (?) sands. Where producti ve the sands range from 
16 to ('>0 feet in thickness. The initia.l closed pressure of the 
gas generally ranges from about 300 to more than 400 pounds 

per square inch. Some of the better wells had an initial daily 
capacity of probably more than 1,000,000 cubic feet. 

In addition to these pools a number of wells, widely scattered 
over both quadrangles, produce more or less gas from these 
sands. Of these wells a number occur in the eastern and cen­
tral portions of Clarion Township and a few others in the 
Bittenbender and Piolett fields of Porter Township. In the 
Foxburg quadrangle a few wells get slIlall quantities of gas 
from the Bradford (?) sands, but these wells are of little impor­
tance. 

The first well-recognized sand above the Bradford (?) oil 
sand group is called the Tiona sand. The distance between 
them is about 150 feet. In northwestern Pennsylvania this 
sand has produced enorlllOUS quantities of both ~il and gas, 
but in the Foxburg and Clarion quadrangles it is barren 
except in two or three small gas wells in Limestone Township, 
Clarion County. Small quantities of gas have been found in 
this sand at a number of other places in both quadrangles, but 
so far as known the amount was too small to be utilized. The 
Tiona sand is fairly continu011s throughout both quadrangles, 
though generally too fine grained and hard to afford a good 
reservoir for either oil or gas. 

The Speechley sand, which lies about 100 feet above the 
Tiona, does not furnish oil in paying quantities in these 
qua.drangles. It is, however, an important source of gas 
throughout the whole area, though nearly all the larger pools 
have been found in the Clarion quadrangle. Most of this gas 
comes from a depth of 2000 feet to 2400 feet and has a closed 
prE'~'lsure ranging from 400 to more than 900 pounds per square 
inch. The initial daily production of some of these wells is 
reported to have been more than 10,000,000 cubic feet. 

The Greenville field on the crest of the Kellersburg anticline 
is the largest pool in this sand. The Kifer pool in Monroe 
Township, the Leatherwood field of Port.er Township, and a 
number of wells in Paint Township have furnished consider­
able quantities of gas from this sand. In t.he Foxburg quad­
rangle numerous small pools of gas under high pressure have 
furnished many good \",ells at a number of places throughout 
the area. The sand is almost invariably found to carry gas in 
greater or less quantities, the amount ~epending on its thiek­
ness and porosity. 

There is SOlne doubt as to the correct identification of the 
Fifth sand by drillers in most of the wells where it is recorded. 
This sand is generally thin and of little importance for either oil 
or gas. The Exley oil pool, in the northwest corner of' Beaver 
Township, Clarion County, is the oIlly oil reported in this 
sand, though it is highly probable t.hat several other small 
pools have been overlooked in a.reas where better pools occur 
in other sands. Gas is found in small quantities in the Fifth 
sand at several points, but the total production from that 
source is small. 

With a single exception the Fourth sand is the most prolific 
source of oil and gas in this area. From it came most of the 
tremendous flow of oil yielded by the great "Cross Belt" pool of 
Armstrong and Butler counties, i.n the southwestem part of the 
Foxburg quadrangle. Many of these wells produced from 
1000 to 2000 barrels of' oil per day, t.he maxilllum dailyout­
put of a single well being about :1000 barrels. In t.he Petrolia­
Elk City oil field are a number of important oil-bearing areas 
in the I1'ourth sand which are so rIosely as~ocitltcd with the 
Third sand pools that they can not now be accurately outlined. 
One of these is tJw Triangle pool, which furnishe(l wells with 
an initial daily production of 100 to 400 bane1s. Some 
Fourth sand oil iR also found in the Emlenton-Hichey Hun 
field. The .. Miota pool, in. Paint and Highland townships, 
Clarion County, is said to furnish oil exclusively from the 
Fourth sand. In -this instance the writer doubts the correct­
ness of the drillers' correlation. In this pool and in t.he Clar­
ion pool the Fourth sand is said to be separated from the 
Third sand above by only a few feet of shale, and in plaees 
drillers report that the sands are united. Taking all the 
availa.ble stratigraphie evidence into account it seems probable 
tll3t these two sands represent more nearly the Third sand 
and Third Stray sand. Oil was discovered in the Miola pool 
in Decemher, 190H, when a well which had been producing g'dS 
for eight years from the upper of the two sanos mentioned 
a~ove, which is probably the Third Stray, was drilled 10 feet 
deeper, through 2 feet of shale into the so-called Fourth 
sand. This well began flowing at the l"dte of 80 barrelH per 
day. Aside from this questionable Fomih sand production, 
no oil has come from this sand in the Clarion quadrangle, 
except in a few small wells in the Sham burg field, Pilley 
Township, where the same doubt exists as to the correct identi­
fication of the sands. Gas in paying quantities has been found 
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in a number of scattered wells throughout both quadrangles. 
The maximum dosed gas pressure in this sand was about 500 
pounds per square inch. 

The sand generally called by drillel'S the Third sand has 
been the source of an enormous supply of oil within these 
quadrangles. This sand has been found to be oil-bearing in 
a belt from 1 to 3 miles wide extending from Petrolia in 
the southwest corner of this area northeastward to Elk City, 
just outside the opposite corner of the Foxburg quadrangle. 
This field has been opened up since 1875. The first well was 
drilled at Foxburg in 1869. Hundreds of these old wells are 
still producing after 30 years of steady pumping. 

The Emlenton-Richey Run field also gets most of its oil 
from the Third sand, as do also the Ely and Beals pools, 
farther north. The Elk City pool emhraces the northwest 
corner of the Clarion quadrangle and extends some distance fai'­
ther north. Most drillers report that the oil sand in this pool 
is the Third and that the Fourth lies a few feet below. These 
sands are more comparable, however, to the Third Stray and 
Third sands. The same sand is productive in the Clarion pool, 
and in both places the lower (Third) sand yields considerable 
salt water and little or no oil. The Clarion pool was discovered 
in 1888 and in that year attained its maximum daily produc­
tion-about 3000 barrels. The largest well produced at the 
rate of 90 barrels per hour for a short time. It is said that 
the pay streak is very erratic in this pool. The lower sand, 
ealled by drillers the Fourth sand, appears to furnish the salt 
water which is slowly encroaching upon and flooding the oil 
wells in the sand above, thus rendering them worthless. This 
is the only instance noted in either quadrangle where the salt 
water in the oil sands a.ppears to advance upon the oil in sueh 
quantities as to injure the wells. In the Elk City, Manor, 
and other pools where water OCCUl'S in the Third sand, it is 
slowly exhausted with the oil and is thought to increasE' the 
life of a well, those producing the nl')st water being the best 
wells. 

The Manor pool is situated in the southwest part of Paint 
To"mship, Cla.rion County. This pool embraces less than a 
dozen wells scattered over about 100 acres. The largest ·well 
had an initial production of about 60 barrels per day and held 
that rate for about one year. No records of wells in this pool 
are available. The oil is generally thought by drillers to 
come from the Third sand. Less salt water is found with the 
oil in this pool than at either Elk City or Clarion, which are 
structurally higher. The Shamburg pool also furnished a few 
small wells from a sand believed by drillers to be the Third. 
The total production from this pool, hmve\Ter, has been small. 
In Monroe Township near Reidsburg several wells have found 
small quantities of oil, some of which is said to come from the 
Third sand, though from the availahle data it seems probable 
that the oil-bearing sand belongs higher in the geologic 
column. 

GHS occurs in: the Third sand in all of the oil pools but 
usually in quantities too small to justify piping away. Large 
quantities are utilized in boilers and gas engines and for 
domc.'3tic purposes in the oil fields. This gas, however, has a 
low closed pressure lind hence can not be profitably utilized in 
the large high pressure pipe lines. Tn the southeast half of 
the Clarion qmldnmgle, however, there are several small gas 
pools in the Third sand which have an initial dosed pressure 
of 180 to 275 pounds per square inch, the average probably 
being below 200 pounds. Most of the gus from t.he George 
pool in Limestone Township, 3S well as the gas from a number 
of scattered wells in Porter, Monroe, Toby, :Madison, Richland, 
and Salem townships, Cll:ITion County, is thought to come from 
the Third sand. 

The oil and gas pools in the Third Stray sand are so closely 
associated with those of the Third sand that no separation can 
be made with the available data. In general, the oil pools in 
the true Third Stray a.re far less in number and in productive­
ness than those of the Third. It seems probable that in man~Y 
cases t.he Third and Third Stray have been confused by 
drillers, production being accredit.ed to one which came from 
the other. 

These sands occupy a part of the interval between the top 
of the Third Stray sand and the bottom of' the Hundred-foot 
sand. There is mueh confusion among drillers as to the 
application of these names and it is not- possible to find the 
'Same uSllge among drillers even in small pools. This is due to 
the variability of the sands themselves and to that of the 
shale and red rock which separate them. These sands are oil­
bearing at many phlCes ·within the Petrolia-Elk City fiold, the 
largest pools probably being along: the southwest margin in 
the vicinity of Bruin. A sand generally recognized by drillers 
as the Bowlder furnishes oil in a large llUlnber of wells along 
the northern margin of the Emlenton-Richey Run field, and 
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in occasional small pools throughout most of that field. This 
sana is especially productive in the vicinity of Mariasville and 
to the east of Lamartine. Gas is found in both of these sands 
at many places in the northwestern half of the Foxburg quad­
rangle, but the pools are generally small. In tlle Clarion 
quadrangle no oil pools are known in these sands and the 
production of gas is of little importance, being confined to a 
few seattered wells. 

The top of the Hundred-foot sand in the Clarion quadrangle 
is about 350 feet. above the Third sand. This sand has an 
a verage thickness here of ahout 100 feet and is divided near 
the center into two fairly distinct sandstones by a ubreak" of 
shale ranging from almost nothing to 50 or more feet in thick­
ness. The Murrysville sand averages about 25 or 80 feet 
thick in this quadrangle, its top averagin~ about 8f' or 90 feet 
above the t.op of the Hundred-foot. These sands are best 
developed in the southeast half of the Clarion quadrangle. 
They thin out quite rapidly toward the north and west so that 
in the Foxburg quadrangle the individual members are repre­
sented in some places by a number of t.hin lenticular sands, and 
in other places one or more of tlle three sandstone beds is 
entirely replaced by sandy shale alternating with thin, hard 
layers of sandstone. 

In the Foxburg quadra.ngle the Hundred-foot and Murrys­
ville sands therefore lose their identity to a great extent and 
are grouped by drillers as the Second sand. In so grouping 
this sandstone phase of the lower Pocono rocks some of the 
drillers confuse the lower member of the Hundred-foot sand 
'with the Nineveh Thirty-foot sand, or, less frequently, with 
the Bowlder sand. In a few instances the name Red Val­
ley sand has also been applied to what seems to be the lower 
member of the Hundred-foot sand, but this may be more 
nearly equivalent to the upper member. What many drillers 
here call the Second sand may be more nearly comparable t.o 
the :Murrysville sand than to the upper member of the Hun­
dred-foot. So much confusion exists among drillers as to the 
propel' names of these sands that no exad correlation is pos­
sible from the available well records, as may be seen by an 
examlnation of the plate of well sections. The pools of oil 
and gas found in them, some of which are important, are 
therefore ,considered as being in the sands to which they arc 
assif!:ned by producers. 

The Hundred-foot has not been found to contain oil in pay­
ing quant.ities within the Clarion quadrangle, though good 
shows ha ye been found at various points, especially in the 
Piolett field and the Blair pool in Porter Township. Most of 
the gas found within this township comes from those sands, 
the Bittenbender pool being the most productive of these );et 
discovered. The gas wells in the ext.reme southeast corner of 
the quadrangle arc said to produce from both the Hundred­
foot and the Murrysville, and the latter sand yields a large 
percentage of the gas from the Green ville field and from a 
number of the wells in Clarion Township south of Stratton ville. 
These sands appear to be practically barren in the northwest 
half of the Clarion qua.drangle, in which area they are thin 
and less porous. 

Th~, HosenbeTrY, Rattlesnake, and Black Hill pools have 
furnished most of the oil found, though numerous smaller pools 
within and nenr the Petrolia-Elk City field have also proved 
profi~ ble. The oil-bearing sand of the Black Hill pool, as 
well as that of, a ,small ppol northeast of Pollock, is locally 
known as the Red Valley sand. The stratigraphic evidence 
is not conchlsive on this point, but it seems very prohable that 
this sand is part of wha.t the drillers call the Second sand, 
though a closer correlation can not be made. Most of the bras 
from the pool lying north of the Emlenton-Richey Run field 
comes from what is called by drillers the Second sand, as well as 
an imHlPl1Se amount from oil wells in both the above field and 
the Petrolia-Elk City field. 

In the Foxburg quadrangle the oil-bearing areas in the 
Mll1'rysville and Hundred-foot sands also almost invariably 
carry more or less salt water, which is exhausted with the oil. 
So far a:3 knovm to the writer, however, this water has in no 
well encroached upon the oil with pumping to the exclusion 
of the oil. In general the best oil wells in this sand appear to 
be those that furnish the greatest amount of salt water. In 
the Clarion quadf'dngle both the Murrysville and Hundred­
foot sands in places contain salt water in considerable quan­
tities and under suffieient head in Borne wells t.o cause it to rise 
several hundred feet ill the wells. 

The top of the ]first sand is about 150 to 200 feet above the 
top of the Murrysville sand in the Clarion quadrangle. The 
sand has an average thickness of about 6,) feet. f:hnall gas 
pool's have been found in this sand at a number of places in 
both quadmnglcs, but tl\C total produetioll has heen of little 
importance. The sand is a.lso frequently found to carry more 
or less BaIt water. Above the First sand no oil and little gas 
have been discovered in this area. Some gas has been found 

in other thin sandstones that are thought to belong 'to the 
Cuyahoga formation and in the Big Injun sa.nd, but not in 
sufficient quantities to jllstify exploitation for commercial 
purposes. 

The oil pools of the Foxburg and Clarion quadrangles show 
no mal'ked relation to the structure of the rocks. Individual 
pools appear to be somewhat affected by the structure but these 
instances of apparent conformability fire so rare and insig­
nificant in comparison to the total prodllctive territory in the 
quadrangles that in such CHses the. position and extent of the 
pools is probably only slightly, if at all, the result of struc­
tural influence. The strncture of the oil-bearing rocks is 
shown by contours in figure 12, which also shows, for com­
parison, the structure in the surface rocks. 

FIGURE 12,-Strudure uf the oil-bearing sands and of the roekli at tlJ() 
Rurfaee (:)f the Foxburg and Clarion quadrangles. Contour inrerval2;) 
feet. 

'~~E~~'::::;J:':;~d:~~j~~Al;@::,:SIUld in the Foxburg quadr"ngie a.nd on the 

~~ Ernl<cnton; FS. }·oxhm·g; H, Havdhol'n; 
SP, St, Pd,e"sburg; SV, Strattonville. 

Salt water is present with t~te oil in the Rosenberry field, and 
according to the generally accepted anticlinal theory of accum­
ulation, the oil, under such conditions, should he found on the 
side or crest of an antidine. Thi8 is true of the ]{osenbeny 
pool, but this rule will not hold good, for other pools in what is 
called by drillers the Second sand within the quadrangle. The 
Rattlesnake pool, on Allegheny River north of 'Vest l\Iollterey, 
is an example where the oil occurs with salt water almost 
exactly in the bottom of a shallow syncline. There is little or 
no doubt that what is called by drillers t.he Second sand is con­
tinuous between the Rattlesnake and Rosenberry pOOIR, 
though it is not oil-bearing. 

The great oil pools in the Third and Fourth sands,' which 
furnish by far the .larger part of' the oil in the quadra,ngle, 
signally fail to conform to the struetural features. The posi­
tion of the pools in the Third sand is determined to a very 
great extent- by the thickness of the sand, which in geneml 
serves also as an index of its porosity. These pools in the 
Third sand can not be explained by the generally accept.ed 
anticlinal or structural theory of oil and gas. This theory, 
in brief, provides that, st.arting ·with an open porous sand­
stone lying practically horizontal with impervious beds above 
and below filled with a mixture of oil, gas, and salt ""'ater, 
and assuming that this bed is subsequently thrown into slight 
folds, ultimately the oil and gas, being lighter than the salt 
water, will separate out and arrange themselves along the arches, 
of the folds in the· order of· their gravity, the gas at the top 
a.boye the oil and the salt water below the oil. In these pools 
no such arrangement ean be detected. The oil seems to oecupy 
all open, porous patches of the Third sand within tlw broad 
producing belts regardless of the position of the folds. Tilis is 
a marked exception to the condition found over broad areas in 
th3 Hundred-foot sand farther to the south, where the oil pools 
lie remarkably parallel to the trend of the struet.ural axes.a 

"Bulletin on oil and gas in tho Sowiekloy quadra.ngle, l'a ,·Top. and 
Geol. Survey COillIIl. Pennsylvania; Bull. U. S. Gool. Survey l'i"o. 318. 1907; 
Sewickley folio (.~o 170), Geol. Atlas U. S., U. S. Geul. Surv~y, 1911. 



The difficulty of explaining the Third sand pools of these 
quadra.ngles by the anticlinal theory, is made greater by the 
fa.ct that the data in hand indicate that the Third sand is 
comparatively free from salt water throughout the entire area, 
except in the vicinity of Elk City and eastward to the Clarion 
and Miola pools, in Cla.rion Counly, where salt water is 
pumped with the oil. The salt water area in this region is in 
the structurally highest portion of the producing belt of the 
Third sand, a fact that is in direct opposition to the idea of 
accumulation by difference in gravity of oil, gas, and salt 
water. 

In these old fields it is now impossible to collect sufficient 
facts to get a clear understanding of the minor geologic details 
under which the oil and gas pools occur. These facts ure of 
the utmost importance in explaining the positions of these 
pools. One fact may be pointed out, however, to which 
some significance is attached: there is in this field (as in 
almost every other field so far examined in the Appalachian 
region) at some height above t.he oil sand a bed satnrated 
with water which is usually saline. It is believed by the 
writer that this persistent and almost universal feature of 
the stratigraphy of producing territory bears a greater part in 
the accumulation of oil and gas than geologist.s have heretofore 
thought. 

The fundamental principle of the anticlinal theory, numely, 
the accumulation of pools through difference in gravity of oiJ, 
gas, and salt water, would not seem to be applicable to these 
pools, e\~en if they showed a marked structural arrangement, 
because, with the very slight dip of the rocks, averaging less 
than 7,1) feet. to the mile, the maximum pressure that could 
have been exerted by a globule of oil toward movement along 
the bedding planes could not have been more than about five­
thousandths of the weight of the globnle. The resistance to 
this force offered by the water-logged pores of the sandstone 
was doubtless amply adequate to prevent the accumulation of 
these great pools under pressure ranging from 100 to pl·obably 
1000 pounds per square inch. 

The force exerted by a hody of water slowly soaking down­
\'lard t.hrough drier, close-grained shale and sandstone from a 
water-beal"ing stmtum above is entirely adequate to push along 
ahead of it a considerable portion of the oil and gas scattered 
throughout the shale mass and from which the oil and gas of 
the pools have doubtless been derived. This water would 
travel by a combination of hydraulic and capillary pressure. 
Such a body of water might in this case have come as easily 
from helow as from above, provided a water-bearing bed is 
available in that direction. In either case the body of water 
would have continued to move out into the drier rocks frotH 
the water-bearing bed until the supply became exhausted, or 
until the hydra.ulic (not hydrostatic) element of pressme 
became reduced to zero by friction and the capillary pressure, 
also exhausted by the advancing line of saturation, encounter­
ing open porous beds where the force exerted by capillarity 
would be greatly reduced. Under such conditions t.he water 
would have a tendency to move the oil yertically from the 
close-grained shales into the more porous patches of an y sand­
stone which might happen to be favorably situated at or near 
the zone where both the hydraulic and capillary pressures 
became exhausted. In areas ,vhere the hydraulic pressure of 
the water is not entirely exhausted by friction more or less 
water will appear in the wells with the oil. 

By following out this suggestion a satisfactory explanation 
can be had of many of the variable structnral relations mani­
fest in the oil and gas fields of these quadrangles, and with a. 
full knowledge of underground water conditions in these 
quadrangles it is believed that the whole scheme of accumula­
tion would be so clear as t.o be unquestionable. If it is 
assumed that the oil pools have been accumulated in some 
such manner as suggested above, it seems probable that the 
water movement was downward through the Cuyahoga forma­
tion and that the original source of' the water was largely 
from above, probably from either the First sand or the Bur­
goon sandstbne. It is assumed that. these sandstones derived. 
their supply from distant intakes where they are exposed at 
the surface and that the invasion occurred at some definite, 
short, clearly marked geologic time. In areas where oil pools 
were formed the water from this sandstone is assumed to 
have slowly soaked downward through shale by capillarity 
augmented by hydraulic (not hydrostatic) pressure and to 
have gathered in front of it a zone of oil and gas. Slow down­
ward movement of the water and oil zones would eontinue, 
however, until the oil zone should come to an open porous bed 
just beyond the point where the water conld no longer exert 
hydraulic pressure because of' loss of head by leakage and 
friction. At t.he upper edge of this porous bed the capillary 
pressure of the overlying ,vater would also cease to exert its 
full force because of the increased size of the pore spaces of the 
rock, and an equilibrium would be established between the 
remaining capillary water pressure and the resistance offered 
by the oil to movement. The same result would be reached if 
two bodies of capillary water should meet on opposite sides of a 
porous stratum. .. 
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Probably most oil and gas pools were formed by the move­
ment of' two or more bodies of water in different directions. 
The first stage was the transfer of the oil and gas from the 
shale to a more porous sandstone above 01' below by water 
invading the shale in more or less vertical direction, as stated 
above. The second stnge, from an economic viewpoint far 
more complicated, was the subsequcnt invasion by water of the 
porous bed into which oil and gas had been driven. In this 
stage the water must have traveled along the bedding planes 
by hydraulic pressure, thus still further concentrating the 
accumulations of oil and gas into pools. The source of the 
water may have been the same in both stages, or it may have 
come from entirely different sources during each stage. If 
from the same source, the water which invaded the sandstone 
parallel to its bedding plane ,vas derived from the water-bear­
ing bed above or below, at distant points through fissures, 
faults, eie., and, ha.ving encountered less resistance, retained 
sufficient hydraulic pressure to have caused it to move hori­
zontally along the porous sandstone. The points where water 
was tlmB derived mfly have been few or many, and the radifll 
movement from these points of intake may have been, there­
lore, relatively great or very small. In all cases wh~l'e oil and 
gas pools were formed, the vertical invasion of the first stage 
must have preceded the horizontal invasion of t.he second 
stage, and the accumulating effect of the second was supplek 

mentary to that of the first. 
The horizontal movement of water by hydraulic pressure 

through thE' oil-bearing sandstone from the point or points of 
invasion could not have been uniform in all directions, because 
of variations in porosity of the sandstone and of structural 
features. Hence, each puddle retained a ragged margin at all 
st:1ges of this inyasion. The oil and gas forced ahead of the 
water uround the margin of each puddle traveled by the 
h ydraulie pressure of the water behind, hut their resistance to 
movement was largely capillary in nature and this resistance 
must ha ye increased in proportion to the increase in size of the 
oil and gas body, while t.he hydraulic pressure of the water 
decreased with distance from the source of supply. In such a 
movement the gus, being less dE'nse and offering less resistance 
to movement than the oil, would collect in advance of it and 
farther away from the water. 

Such H movement of water would ofter opportunity for the 
formation of oil ana gas pools under many different local con­
ditions. The simplest. of these would be of pools formed along 
the line of contact between two bodies of water moviug in 
opposite directions from different points of intake in the porous 
sandstone. Along f'Hlch a line the pools of commercial value 
would oecul' only at places where the salldfltone was sufficiently 
porous to furnish a flow into the wells under the closed pres­
sure of tl1at part.icular pool. Pools would also be likely to 
form along the sides or crests of ant.ielines, especially in domes 
where the hase of the fold in the oil-bea1'ing sandstone was 
first surrounded by the invading water which subsequently 
encroached upon it from all sides, pinching t.he oil and gas in 
the top. These examples, which are the simplest typeSi of 
pools, flre cited to illustrat.e tlle principles involved. Other 
factors equally' effective in controlling the position of pools 
wonld be the pinching out of t.he sandstone member, the 
encountering of barriers of much finer sandstone occupied by 
capillar.Y water derived fro"!1l the associated shale from which 
the supply of oil was originally derived, or the formation of 
dams in the sandstone hy the foremost portion of t.he moving 
body of oil itself occupying through capillarit.y fine-grained 
areas to such a distance as to offer a relatively great resistance 
to the \\'ater at the point of contact in the porous portion of the 
bed. In all cases t.he water pressure mm;t be considered to 
have been hydraulic and not hydrostatic. In areas where no 
water is now found in the productive sand around the margin 
of a pool, the water at the edge of' the pool may have subse­
quently lost. all hydraulic pTessure through reduction of the 
supply of water or the decrease in head due to structural 
changes. In eit.her case the capillaTY resistance offered by the 
water'to backward movcment would have been too great to 
change materially the position of a pool after it was once 
formed. The great ("losed pressures of pools -probably are due 
to chemical changes in the oj} body after it was collected, 
thereby increa."!ing the volume of gas in the pool. 

A thorough discussion of this theory and of others relatiye 
to oil and gas accumulation is not germane to the subject in 
hand, since it would involve regional studies that are not at 
present snfficiently complete to admit of positive deductions 
being made. It may be shown, however, that the idea of oil 
and gas accumulat.ion by moving water under a combination of 
hydraulic and eapillary pressure is easily applicable to all 
types of oil and gas pools, but physical facts to substantiate it 
can not be readily secured in old producing areas similar to 
those of the Foxburg and Clarion quadrangles. 

OLA Y AND SHALE. 

Clay and shale are exploited in both -the Foxburg and the 
Clarion quadrangles. The clay includes both the flint and 
plastic varieties, but neither is used extensively. 

The only shale that is being developed commercially at 
present is t.he one below the horizon of the Clarion coal. The 
Canton Tile & Hollow Brick Co. has a pit on this shale about. 
three-quarters of a mile west of New Bethlehem and uses it in 
connection with the underlying clay in the manufacture of 
hollow building blocks and drain t.ile, A section of the pit is 
as follows: 

Section of pit (If Canton Tile & Hollow Brick 00. 

Shale, olive, fi8sile. iron stone __ 
Carbonaceous layer (Clarion coal 1) 
Sandstone, Il.rgillaceomL_ 
Shale, dark drab 
Clay, dark, sofL ______ _ 
Clay, drab. hard. sandy _ 
Shale, olive, sandy _ 
Sandstone __ 

Ft. , 
18 

10 

10 

Othcr deposits of shale of possible commercial value occur 
above the Lower Kit~anning coal. This shale is usually fine­
t.extured, and exposures indicate that it averages between 30 
and 50 feet thick. Good sections occurring on or near rail­
roads are exposed at the railroad crossing between Fairmount 
City and Hawthorn, in the hill 1 mile south of Sligo, and in 
the hill 1 mile south of Stratton ville. 

Clay in Mel'eel' shale member.-In some parts of western 
i>ennsylvania the Mercer shale member contains valuable clay 
which is presumably eqnivalent to the Mount Savage clay of 
Maryland, but in the Foxburg and Clarion quadrangles there 
is very little clay in this member. There is, however, much 
clay shale, and some dark-gray clay, none of which has been 
worked. The membcr outcrops along the gorges of' Clarion 
and Allegheny rivers and the larger tributary st.reams. In the 
northeastern part of the area it is very thin. 

There is no good exposure of flint clay in the Mercer mem­
ber in the Foxburg and Clarion quadmngles, but south of this 
area, at Climax and St. Charles, flint clay from the Mercer is 
used in making hig'h-grade fire brick. At one point within 
t.he arefl, namely, on the west side of' Leatherwood Run, about 
1 mile north of' St. Charles, fragments of flint clay which are 
probably from the Mercer have been found in the field. 
Seveml prospect holes have been sunk here, however, without 
finding the source of dIe fragments. 

B?'oakvale clay.-The Brookville coal is underlain by a bed 
of clay 1 to 10 feet thick, and the clay is present in many 
places where the coal is absent. It is generally very saudy 
and of little value. 

Clarion c{uy.-One of the most conspicuous clay beds in the 
we:'!tern part of the area is found below the Lower Clarion coal. 
It is plastic and generally white in weathered outcrop. The 
thickness ranges between 3 and 10 feet. In some districts the 
Upper Clarion coal is also underlain by clay. A section on 
t.he run near the schoolhouse about 2 miles sout.hwest of Piney 
showR [) feet or more of clay, below each of the Clarion coals. 
In the vicinity of New Bethlehem t.his clay is being used, as 
already stated, with the overlying shale in the manufacture 
of building blocks and tile by' the Canton Tile & Hollow 
Briek Co. Clay found below the Lower Clarion coal in one 
of the mines at Sligo is used. as a bond in the manufaeillre 
of fire brick. 

K£ttamdng claY3.-ln some localities there are at least foUl' 
Kittanning coals, each underlain by clay beds. The upper 
clays are, so far as known, unimportant. The plw,tic clay 
below the Lower Kittanning coal is as yet undeveloped, but 
road crops and mine sections throughout the area indicat€ that 
cxeept in the northwestern part, it is persistently present. 
Only a paitial thickness of the clay is anywhere seen, but t.he 
expos~:t:es are suggestive of considerable depoRits. Among the 
best road exposures is one 1-1- miles €jlst of Jack schoolhouse, 
and about 4 miles north\vest of New Bethlehem, where 3 feet 
of reddish stained clay out.crops, and another 1 mile east of 
Frampton, where 8 feet of light-drab eluy is exposed. At 
Huey a drift exposes 71- feet of clay, with both top and bottom 
concea.led. The thickness of t.he cla.y here -indieates that pos­
sibly equally thick deposits are accessible along the Sligo 
branch of the Peunsylvania Railroaa, wherever the numerous 
mines show that the clay occurs above drainage leve1. 

The only plastic clay in present use from the Kitta.nning 
beds comes from the l\.fiddle Kittanning. This clay is used at 
Hawthorn in the manufacture of stoneware, and the supply is 
obtained from a stripping just north of the town. The clay 
lies under 4 to 10 feet of cover, and ranges between 4 and 6 
feet in thickness. rfhe upper portion of the bed is soft, quite 
free from sand, and _has a chalky appearance, due t.o weather­
ing, while the lower portion is rather hard a.nd 8.'lndy, and 
greenish in color. The :Middle Kittanning clay was formerly 
stripped on Town Run, opposite the opening of the No.2 
mine of the Alcola Coal Co. This was reported to be a.n 
excellent pottery clay. 

Flint clay occurs below the Lower Kittanning coal in a belt. 
that extends from just west of the Foxburg-Clarion boundary 
to the north border of the area. This belt has a width of 
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from I! to 2! miles on eltch side of Clarion Hiver, except 
north of' the town of Clarion. Owing to the height of the 
clay in the hills, however, only a small portion of the area is 
actually underlain by it. The clay is persistent in its occur­
rence but has a wide range in quality. The best clay is 
light yellowish brown, fine grained, and llloderately hard. 
Weathered pieces are bluish gray on exposed surfaces and are 
easily broken. 

Formerly the clay was stripped and hauled by wagon to 
railroads, by which it was shipped to the fire brick manufllc­
tories, hut for a number of years the practice has been discon­
tinued, and now t.he old strippings are largely covered. 

The following chemical analyses or'samples taken from !l 

newly opened drift on the C. B. McQueen farm show the 
average composition of this clay. 

Analyses )f air-dried samples of flint clay from C. B. MaQueen!a1·-m. 

[Po H. Bates, analyst, U. S. Geological Survey laboratory.] 

Ultimate analyses: 
Silica (SiD,) __ 58.96 56.46 
Alulllina (Al.O,) __ 25.60 27.69 
Ferric oxide (1)'e.03 )_ 3.32 2.55 
Manganese oxide (MnO) . .07 .09 
Lime (OaO) __ .70 .42 
Magnesia (MgO) __ .25 .28 

Sulphuric anhydride (SO.) .07 . (4 
Soda (Na,O) __ .15 .00 
Potash (K 2 O)_. .S6 .G2 

Water at 1000 0._ .80 1.40 
Ignition loss_. 9.90 1064 

IOU. 18 100.25 
Rational analyses: 

Free silica. 25.75 20. GO 
Olay substance __ 59.00 64.50 

·1.50 S.OO 

Ignition loss 10.75 12.00 

100.00 100.00 

Samplc A in the above table represents the upper foot, and 
sample B the lowel' 2 feet of the section. Sample A has a 
very siliceous appcarancc, shows a rough surface, and hreaks 
irregularly rather than with the conchoidul 01' shell-likc frac­
ture characteristic of fiinL day. Sample B is like the type of 
best cluy described above, except that instead of bcing homo­
geneons it contains n small percentage of bluish inclusions. 
In some CflSCS it shows streaks which resemble bedding planes. 
Wherever cracks occur in the clay thc surfaces so formed are 
strongly stained with iroll. As is· shown by thc analyses, the 
percontage of iron is high for fire clay. This feature makes a 
good deal of the clay unsuitHble for use in the manufacture of 
refractory articles. Thc clay at the hank from whieh the 
samples for analysis were takcn is used at Sligo in the manu­
factnre of fire brick. Clay from the north of the river has not 
been used south of the 'Vagner and Bell farm, the reported 
reason being that the clay in t.hat region contfdns so mud] iron 
that it is worthless. In thc area south of the rivcr the best 
clay is said to have been taken from the Finneii'oek farm. 
Considerable flmounts of day have also been taken fi'om the 
Miller farm, 2 miles north of 8ligo. 

FTeeport clays.-Both of the Freeport coals are usually 
underlain with clay, but the area of their occurrence in these 
quadrangles is small and the day is not valuable. Flint day 
is found below the Lower Freeport coal 1 mile west of_Piolett 
and on the ridge road 2 miles southeast of Sharpsburg Church. 
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It is also locally de\\eloped below the Upper j;"'reeport and may 
be seen ncar thc top of the bill one-fourth mile northwest. of 
Rimersbmg station. This flint clay occurs in quantitics so 
small that it is not commercially important in the Foxburg and 
Clarion quadrangles. 

IRO]l ORE. 

Immediately above the Vanport ("Ferrifcrous") limestone 
member, ::lnd coextensive with it, occurs a bed of iron ore 
sometimes tcrmed "burrstone ore" because of the chert associ­
ated with it. The ore is siderite except near the outcrop, 
where it is altered to limonite. 

Chance G reports that the usual thickness of the ore is from 
6 to 14 inches, a\Ter'dging 10 inches, and that eXL>eptionally 
the bed is 2, 3, 4, or even H feet thick. A partial analysis of 
orc fi'om a point near Sligo is as follows: 

AnalY8i.~ of h'Im ore near Sligo. 

Metallic iron_. 
Metallic manganese __ 
Sulphur __ 
l'hospho!'Us 

36.[;5 
1.63 
.06 
.28 

The average ('ontent of metallic iron is 33 per cent.!' 
The ore was obtained in eonsiderable qnantity by stripping, 

a.nd more rnrely by drifting. The waste from the old work­
ings is in evidence nt a !-{reat lllany localities and well marks 
the ore stratum. The industry died out when the more 
economically handled and higher grade Lake Supcrior ores 
,vere opened up. 'Vith the exhaustion of the latter the depos­
its in Penllsylvunia may again become valuable. 

In the Foxhurg guaJrllngle "orc balls" fire found in con­
siderable amounts at. various places in the Allegheny forma­
tion. Rome of thebe have heen mined from helow each of the 
Freeport. coals, but the· }wiueipal sources were in tlle lower part 
of' the formation, hetwef'u the Homcwood sandstone membeI' 
and the Lower Kittanning coal. In t.his interval brown fer­
l'uginons shale pl'cdominM(-'s, nnd much ore haR been taken 
out by stripping. In thc northwestern part of the quadrangle 
an almost continuous bed of il'on ore is found about 10 feet 
helow the Rrook\'ille coal. This stratulll has bcen worked 
eXit'nsively, and the old pits pust, west, a.nd north of Emlenton 
follow nearly the eOlll'se of a level line fIl'ound the hills. A 
little orc has been mined in the Mercer shale member of the 
Pottsville formatioIl. 

Iron ore w:-ts mined in western Pennsylvania principally 
bf'twcel1 Ht)() and lR60. It \vas smelted in ehareoal furnaces, 
ruins of whieh form fl pidurC'Sgue feature of the area. The 
extensi 'i·c forest~ of those days wcre uscd in making the char­
coal, hy piling up 20 to 40 cords of wood, covering it with soil, 
and burning it. JJwut 20 pounds of charcoal were obtained 
from ctleh 100 pounds of' wood, and about 200 bushels of ehar­
coal were required for eaeh ton of iron. 

T.IMF.8TOXE. 

l~xcept in certain areas already described (see fig. 6) t.he 
Vanport limestone m('-mber is persistent throughout both qua.d­
rangles. The limestonc rangc-s in thickness from G or 8 feet in 
the eastern part of the area. to 10 or 20 in the central and wc-st~ 
ern. In many localities the upper portion of the hed is eherty. 

a Clw,nce, H. M., The b'Bology of Olarion County, Second Geol. Survey 
PE'llnsyi,ania, Rept. VV, pp. 54, H16. 

b Chancd, n. M., idem, p. 196. 

"There the limestone is removed from dl·ifts this cherty layer 
wLieh is usually ahout 1 foot thick and, sepamted by a parting 
from the strata below, makcs an excellent roof. 

Formerly the limestone was used in the old iron furnaces as 
a flux. Very little of it has been used for building, but just 
now thoui:lands of tons are being used in the construction of 
the macadamized road from Foxburg to Alum Rock. An 
analysis of fI sample of the limestonc by McCreath follows:<! 

Analysis of limelltonefrom Vauport member. 

OaJCillIll carbonate._ 
Magnt'Bian carbonate .. 
Oxide of iron and alumina __ 
PhosphoruB_. 
Insoluble residue 

95.23 
.4( 

1.31 
.06 

2.19 

The lime is of great value as a fertilizer and is, fortunately, 
of general distribution. Many farmers have individual quar­
ries. The limestone is not burned in (}l' near the quarries but 
is hauled out and burned in the field in which it is to be used. 
Some of it has heen hauled 8 or 10 miles. 

Limestone occurs below each of' the Freeport coals, but the 
deposits are limit:€d to small broken lenses. In some cases 
bowlders below t.he Upper Freeport coal have been dug and 
burned for fertilizer. The only quarries now open on this 
limestone are Olle OIl ~Iyers Hill, 2 miles south by east from 
Sligo, and one about 3 miles sontheast of West Freedom. 
However, much limestone is ohtained from the weathered out­
crops without opening quarries. 

SANDSTONE. 

Sandstone suitable for a great variety of purposes is abull­
dant in the Foxburg and Clarion quadmngles. The _Rurgoon, 
Connoquenessing, Homewood, Freeport, and Mahoning are the 
most persistent members, but there a.re local dcvelopments of 
sHudstone at. many other horizons. The Connoquenessing and 
Homewood sandstones arc quarried by thc Black Fox Silica 
Brick Company U('-,lll' Uppcr Hillville, and by the Foxburg 
Sand and Stone Company north of Foxburg, and have been 
opened at several ot.her places. The rock is commonly white 
and composed of almost pure silica. The grains of sand are 
angular or slightly rouwled and generally loosely ccmented. 
At the Black Fox quarry the roek is trcated as ganister. It is 
ground a.nd made into silica brick for use in iron and glass 
furnaces. The output of the quarry neal' Foxburg is shipped 
as !:land and used tor molding and other furnace work, for 
grinding plate glass, awl for locomotive use. The quarrietl arc 
near the top of the river hluff and the rock is let down by 
inclines to the railway. 

Thc Kitttlnlling sandstone has been used to some extent. for 
building stone. The rock is mcdium coarse grained, and much 
of it when freshly cut has a pleasing pinkish color. It weathers, 
however, a dull gray. There is a quarry about 2 miles south 
of Stratton ville at which this sandstone is cut into cll1'bing_ 

An abundant supply of desirable sHl]dstone for making con­
crete, for road foundations, bridgc abutments, etc., is found 
throughout thc arca. A new maca.damized road is heillg built 
from Foxburg to Alum Uoek, and the road bed is-first covered 
with a thick layer of' Burgoon sandstone, taken from nearby 
resi(lual bowlders. There seellls ,to be very EttIc rock in the~e 
quadrangles which is suitable for dimension stone. 

~Iay, 1910. 

aSe('ond Geol. Survey Pennsylvania. Rept. YV. p. 54 
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NAMES AND LOCATIONS OF WELLS 

1 McClyman, 1 mile south-southeast of Fairview 
2. bans No. 21, three-fourths mile south of Petro~ia. 
3. Hazelwood No. 21,one-half mile southeast of Petrolia 
4. Kern N<). 6, one.flf~h mile southwest of Fredericksburg. 
5. Boss, on Pine Run, 1 mile sQutheastof Fredericksburg. 
6. Bradys Bend property, on Whisky Run, three-fourths mile southeast of Queenstown. = 
7, James Stopp, Sandy Hollow. =--
8. James Rankin No.5, on Catfish Run, 2 miles west of Rimersburg. 
9. J. S. Martin No. I, 2 miles south-southwest 01 Rimersburg 

10. J. D. Corbett, H- miles south of southern limit of quadrangles. 

11. Bla,rCalvin No. I, one·fourth mIle north of Bla"Schooi 
12. George Delp, one·half mile east of Oakgrove Church. 
13. C. A. Spindler, one·half mile southeast of P,olett. 
14 Wm. Sheridan, three·fourths mile southwest of Leatherwood Church 
15. M. T. Bodenhorn, at head of Glade Run, 1:1- mIles south·southwest of Ffogtown 
16. A. A. Stewart, On Sloan Run, one·half mile south of Oak Hall School. 
17. N. P. 

SECTIONS OF DEEP WELLS IN THE FOXBURG AND CLARION QUADRANGLES 

10 11 12 13 14 15 16 

---"--------

Portage? formation 

= .- ~ 
Sand5!one Clay limestone 

- III 
Shale Red shale 

17 18 19 

" 

,~ 
u 

" 

20 

" " 

DIAGRAM SHOWI~" lOCATION OF OE~ WElL.5 INTME fOXBURG ANO CL .. RION 
QUAORANGLESIlNO'VIOINITV 

21 22 



PUBLISHED GEOLOGIC FOLIOS 

Il~*~-=-~c ~.me 01 10Ii:--T---=-~tat:=-=_J!riCet JI 
I I i I 

I I i Gents. i 

I
t 1 Livingston. . ... I MDntana.. . I 25 I 
! 2 I Ringgold. . . . I Georgia-Tennessee. 25: 
t:3 Placerville ........... I California 25 ' 

I t 4 I Kingston. . ...... I' Tennessee. 25 
II t 5 I Sacramento . .. California 25 

161 Chattanooga .......... I Tennessee. 25 
t" Pikes Peak ... I Colorado. 25 
t 8 Sewanee. Tennessee 25 

t ; ~ i Antbracite-Crested Butte . ~~!.~~~~ W ,·V,a. ~~ 
t 11 ! ~~~s:: Ferr:lt California 25 

t 12 l Estillville Ky.-Va.-Tenn. 25 
15 I Fredericksburg Virginia-Maryland 25 

t 14 i Staunton. Virginia-West Virginia. 25 
t 15 I Lassen Peak California 25 

16 Knoxville Tenness~e-Nortb Carolina.. 25 
t 1 r Marysville. California 25 

18 Smartsville 25 
t 19 stevenson. 25 

20 Cleveland 2El 
21 Pikeville. 25 
22 McMinnville. 25 
25 Nomini. 25 
24 Three Forks. 25 
25 Loudon. Tennessee. . 25 

t 26 Pocahontas Virginia-West Virginia. . 25 
21" Morristown 25 

t 28 piedmont 25 
29 Nevada City Special 50 

~i I ~;~::~~n:a~~tional Park ~~ 

1~~~t~-~~~~~IOliO' ~~=-__ J,:et 
I • I ~. 
I 90 i Cranb~rry . . .. ~...... North .Carolina-Tennessee. ~ 25 
I. 91, Hartvdle············1 Wyommg............. 25 

1

'1 921 Gaines............. Pennsylvania-New York. . 25 
I 95 Elkland-Tioga. ·.1 Pennsylvania 25 
i 94 I Brownsville-Connellsville .. PennsylviJ.nia 25 

I· i 95 I Columbia. .. Tennessee. 25 
I 96 Olivet. .. South Dakota . 25 
1 ~! I Parker. . . I South Dakota . 25 

I 99! ~\~~~:~ngo : : : : : : II ~:~~~ b:;~!~r~. . ~~ 
I 100 I Alexandria South Dakota: 25 

I ~~~ 1 ~~;:iS: 1 ~:~~g;:~~ : 
I ',0045 Silver City. ··1 Idaho. 25 

Patoka. Indiana-Illinois 25 

I
i "00~ Mount Stuart Washington 225

5 
< Newcastle. Wyorning-South-Dakota . 

1 
~~~ ~~~~~;~!d Falls . ~:~:~~~kota-Nebraska . ~~ 
110 Latrobe Pennsylvania 25 

I ~ ~ ~ g;~::~. 1~~~~: : ~~ 
I'li 115 Huron South Dakota. 25 

114 De Smet . . South Dakota . 25 

I
II ~~~ ~~~:~7Ii~~ . ~~:s6;;0~!:a_Tennessee . ;: 

11'l Casselton-Fargo North Dakota-Minnesota 25 
118 Greeneville Tennessee-North Carolina. 25 
119 Fayetteville.. Arkansas-Missouri 25 
120 Silverton. Colorado . 25 

52 Franklin 26 121 Waynesburg.. Pennsylvania 25 
55 Briceville 25 
54 Buckhannon. 26 
55 Gadsden 25 
36 Pueblo.. 25 
51" Downieville 25-
58 Butte Special 25 
59 Truckee 25 
40 Wartburg. 25 
41 Sonora. 25 
42 Nueces . . 25 

~~: I ~~~;;~~e ~!~:;;~~i~ry-Arkansas . ;! 
124 I Mount Mitchell North Carolina-Tennessee. 25 

~~~. i ~~~~h~~l~ountains.. i ~;i~~~:l~~n~a .. { . :: 
127 I Sundance Wyoming-South Dakota. 25 
128,1 Aladdin. Wyo.~S. D~k.-Mont. 25 
129 I Clifton Arizona. 2"5 
150 I Rico Colorado . 25 
131 I Needle Mountains Colorado 25 

45 Bidwell Bar . 25 
t 44 Tazewell. 25 

45 Boise. 25 
46 Richmond 25 
4, London.. 25 
48 Tenmile District Special. Colorado . 25 
49 Roseburg Oregon. 25 
50 Holyoke i\1assachusetts-Connecticut . 26 

152 I Muscogee Indian Terntory 25 
133 Ebensburg. Pennsylvania . 25 
154 i Beaver. Pennsylvania 25 
',~56' [' Nepesta .'. Colorado. 25 

.., St. Marys Maryland-Virginia 25 
15, Dover Del.-Md.-N. J.. . .... I 25 
138 I· Redding California . . 25 
159 Snoqualmie Wa.shin~on 25 

51 Big Trees 25 140 i Milwauk:ee Special. Wisconsin 25 
52 Absa.roka. 25 
55 Stano.ingstane. 25 
54 Tacoma 25 
55 Fort Benton. 25 
56 Little Belt.. Mountains Montana. 25 

141 ' Bald Mountain-Dayton . Wyoming. 25' 
142 I Cloud Pllak-Fort McKinney. Wyoming. 25 
1431 Nantahaia. North Carolina-Tennessee, 25 

~:: I ~~~!~ster-Mineral Point .~~:;::~Tn~~~~a-IllinOis I~; 
t 5, Telluride. Colorado. 25 

58 Elmora. Colorado . 25 
59 Bristol.. 25 
60 La Plata . 25 
61 Monterey Virginia. . 25 
62 Menominee 25 
65 Mother Lode 50 

64 Uvalde.. . . i Texas 2255 Iii' 
65 Tintic Special . . .! Utah 

~~ g~l~:~le ~l~~:~~;~;:diana· .,. ~: Ii 
68 Walsenburg Colorado. 25 Ii 
69 Huntington West Virginia-Ohio. 25 II, 
'l0 Washington .... 1 D. C._Va._Md. 50 
?1 Spanish Peaks Colorado . 25 ii 

t ~~ g~~;l~:;n . 6r:~to~i~ginia . . ~~ if 
74 Coalgate. Indian Territory. 25 II 
75 Maynardville Tennessee. . 25 1"1 

2'"6 Austin Texas 25 

~~ I ~~~:~.. ~: II 
'809 1. Atoka. 2255 'I 

Norfolk .. 

81 I ~~~::tOown Umontov,n 50 \ 

t i8!51 ~~:e;"k Gity Ind>an, ~~ III 

Oelric:hs South Dakota Nebraska 2U 
86' Ellensbucg I 25 I 
82"·1 Camp Clarke. I 'I 25 

I 88.1 Scotts Bluff. I Nebraska 25 

L!~l __ ~~ Orf~~~_.~~~ ___ i Orego~ ________ 1~5 

146 ;i~~:~~ille ~~~nas:a~~:~~. Carolina I ~~ 

1 

t ~!~ Joplin District Missouri-Kansas I 50 
1:49 Penobscot Bay . Maine I ' 25 

Devils Tower. Wyoming t 25 
Roan Mountain. Tennessee-North Carolina I 25 

, 152 Patuxent Md.-D. C. I 25 

II ;;! ~~:iow., ~~~:~::S~Indi;nTenit;ry : i ;~ 
ii' ,,'S 55; ~~kn :~~~r . ~i~!~~_~ebr._Iowa I~: 
I , Passaic New Jersey-New York I 25 

Ii' "5589 Rockland Maine I 2255 Independence. Kansas I 

]60 Accident-Grantsville. Md.-Pa.-W. Va ...... : : : : 1 25 
: 161 Franklin Furnace. . New Jersey. . I 25 

I ~~i ~~~:d~l:uh~a . ~~~~;n~:Del.. .':,:::: ;~ 
I § 164 Belle Fourche. South Dakota . I 25 

I,l

l ~165 Aberdeen-Redfield. South Dakota. 25 

~~:~ ! i~:n~~~. ~::~ersey-pennSYlVania. '. ~~ 
§" .• ,1e68g I Jamestown-Tower. North Dakota. 25 

Watkins Glen-Catatonk New York. i 25 

I 1m I ~~~~~::%~~~~:~be"bUrg g~~~~:~::::-New Yock . 'I ~~ 
I 

§ 1 75 I Laramie-Sherman Wyoming ..... : : Ii 25 
§1?4 I Johnstown.. Pennsylvania. . . . . 25 

1 

§ 1,5 Birmingham. Alabama. 25 

'I S§' ',~~ I Sewickley. pennsylvania .. " •.• , ., ,.1 225S 
, 6 Burgettstown-Carnegie Pennsylvania 

II § 1 'l8 I Foxburg-·Clarion Pennsylvania ...... I 25 

"" Order by number. § These folios are also published in octavo form. 
t Pa.yment must be made by money order or in cash. 
·f These folios are out of stock. 

- Circula;s showing the location of the area Govered by any of the above folios. as well as information concerning topographic maps and other publications df the Geologlcal Survey. may be had 
on applioation to the Director, Upjted States Geological Survey. Washington, D. C. • 




