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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 topograpiric lllap are of 
three distinct inequalities of sllrfacc, called relief, 
as plains, plHtenuB, hills, alld lllount"lins; (2) distribu-
tion of water, called as streallls, lakes1 a.nd 
(3j the works of man, CUUl1ye, ns roads, 
boundaries, villages, and eiLies. ~ 

Re1iej.-All elevations are measured from HlCHll sea level. 
The heights of IIlfluy 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 elm'a-
tion above mean St:'<l le\~el, the vertical iIltt:'l'Yal represcnted by 
each spaee bctwf'en lines being the same throughout eHcll map. 
These lines nre called cOJ/four lines or, more brietl \', ('ontours, 
and the uniform H'rtical (li"tan('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. 

FIOT:RE \.-ldeal view and correspondillj.{ contonr map. 

The skcreh :J river VB Hey bt'tween two hills. In 
tIlt:' foregrOlliul till? seH, \\lth a bay that is partly ('losed hy 
a hooked sand hal'. On eaeh sirlf' of the v:llley is a terral'e. 
The terrllCC on the right merges into a gentle hill slope; that 
on the left is backed by a aSCf'ut to II cliff, or RCfll"p, which 
contrasts with the gradunl away from its ncst. In the 
map each of these features jndicat.ed, directly bel10ath its 
position in the sketch, by contour lint'R. The map does not 
include the (listant portion of the yiew. The following notes 
may help to explain the use of contour lines: 

1. A coniour line reprt:'sentR a eertain height ahow sea lc\·e1. 
In this illustration the contour interval is 50 feel,; thel'eforE' 
the contour lines arc llrawn at 50, 100, J 50, and 200 feet, and 
so on, ahove mcan sea level. Along the contour at 250 feeL lie 
aU points of the surface t.hat Ht"e 250 f~et above the sea-that is, 
thii:l contour would be the shore line if the sen. \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 i:lpace bet,"ween any two 
contours are ul1 POilltR whose elevations are aboy,=, the lower 
and below the lligher ('on tour. Thus the eontour at 100 ft'f't 
falls jUSL helow the edge of the tel'l'ace, etnd tltat at :l00 feet lit:'i'l 
aboye the terrace; therefore all points on tile terrace arc shown 
to be more tlwn 150 but less than 200 feet aboye the sea. 
The summit of t.he higher hill is rm'lrh(l GiO (feet aboye sea 
level); the ('ontoUT at ()oO feet surrounds iL. In 
this illust.ration the contoUl' lines arc nuwbered, and those 
for 260 and ,")00 fef:t are i.\rcentuHted by being Illade heavier. 
Usually it is !lot desirable. to number all the contour lines. 
The a('centnating flnd Ilnmht'ring of ('ertain of them-say eyery 
fifth one-suffices and the ht'ights of the others may he l.lSeer
tained hy cOllnting up or dO\vll from th('se. 

2. Contour lines show or' express the forms of slopes. ~\.s 

eon tours are continuolls horizontal they wind SlllOOtJlly 
about smooth smiaces, rcct:'dt:' into rt'entrant of 
rayinei'l, and project. in .passing around spurs or I"·o,mi,,wnees. 
These relations of cont.our curn's Hnd 1:..0 of t.he 

('an be seen f!'Olll. the map and 
lines sl~o\v thc approximate of any sl~pe. 

The vertical interval between two \'{mtours the same, whether 
they lie along a cliff or on a genLle slope; but. to at.tain a gi ven 
heif!;ht on a gentle slope olle must go Dll'ther than on a :-ltcep 
slope, and therefore contOun:> are till' aplll't on gentle ~lopcs 
and near togethf'r on steep ones. 

A small contour int~ryal is necessary to express the Telief of 
a flat oj' gently undulating country; a steep or mountainolls 
country can, as a rille, be a(leql1ately represented on the SHme 
seale by the use of a huger iuten-tll. The smallest interya 1 
used on thc atlas sheets of the Geological 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 country {'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 hrokcn or dotted. 'Vhere a stream sinks and 

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

by conventional sigBs in hlue. 
for the works of' man and till letOOr

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 senle of 1 mile to the inch 
would ('over 3,0:27,000 s<jlHlre incllCi::l of pnpel' aJul measure 
about 240 by 180 feet. Each SqLUUC mile of ground slll-iaee 
wonld be rcpresented hy a inch of map snrfllee, and a 
linear mile on the ground a linp..ar inch on the map. The 
seale mav be also a fradion, of whieh the numer-
ator is a" 011 the lllap and the denominator the corre-
spondiIl)!; lengt.h in uature expressed in the same unit. Thus, 
as there arc 6:3,;~60 inches in a the scale"] mile to the 
inch" i8 by the fradion 

Three are used on the sheets of the Geological 

inch on t.he map. 
surfaec 

a gradua,ted line repre
a similar line indicating 
a fraction. 

O"""',',,,,UI,,.·-j "cmap of the Unit.ed Stat.es 
is being nhed~ of eOllYenient size, wlricll 
represent areHS houwlc,d parallel.; awl meridians. ThCBe 
lueas are ('aIled qnadrangle8. Eaeh sheet on t.he seale of ~"O~Oili) 
represents one S(llUll'e degree-that is, a of latitude by a 
degree of longitude; eaeh sheet on thp of reprc"cnts 
one-fourth of a squal'e degree, and ellch sheet on scale ot 

one-Rixteenth of a square degree. The areas of the corre
sponding quadrangles a.rc about 4000, 1000, and 2;)0 square 
Uliles, though HH'Y vary with the lat.itudc. 

The atl:lS sheck;, heing only parts of OIIC map of the United 
Statf's, are not limited by politi('al boundary lines, such as 
those of Slates, ('ounties, an (I tow nships. Many of t.he maps 

arPlI" lying in hw or m'en three States. '1'0 each 
and to the quadrangle it represents, i::; given the name of 

some well-known town 01' natural feature within its limits, and 
at Lhe sides and comers of each sheet nre printed the Hames of 
adjacent quadrangle::;, if the maps are published. 

THE GEOLOGIC MAPS. 

The nWPb l'epre6enting the show, colors and 
conventiowll sip;ns printed on topographic map, the 
di:3tribution of rock musses on the wriace 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 IWCKS. 

I{ocks are of Ulany kinds. On the geologie mnp they are 
diRtinguisheil w;; igneous, sedimentary, and metamorph~c. 

ignnH(s 1'oclcs.-Rocks that haw cooled and consolidated 
from a i'llate of fusion are known as igneous. Molten material 
ha" from to t.ime l)een forced upwanl in fissures or chan-
lIel,.; of and sizf's through rocks of all to or 
llearly to the Itocks formed by the of 
mohen material, or magma, within these channels-that is, 
below the surfu('/'--;-art! called ·irlil'u.siL'C. "'here the intrusive 
rock a fissure wit.h approximately pHl'allel walls it is 
called u where it fills a large and irregular conduit the 
mass is termed a 8{od:. "\Vherc molten map;ma trayerses strat
ified rocks it be intruded along betiding planes; sueh 

or "heels if comparatively thin, and lacco-
chambers prod ueell by the pressure 

of t.he mal!;Illa. roek molten material cool.; 
slowly, witll the result that roel~s are generally of 
crystalline texture. vVhere the channels reach the surfaee 
the molten material poured out t.hrough them is called lwva, 
and lavas often build up volcanic mounti:lins. rocks 
that. have solidified at" the sllrface are called 
Lavas generally cool mort:' rapidly than intrusive 
a:-1 a rule contain, cspe('ially in their superJieial parts, wore or 
lel::1H voleanic produced by rapi(l ehillillg. The outer parts 
oflanl How,:;; are llHtmlly porous, owing to the expansion of' 
thc gase.,:; originally present in the magma. Explosive action, 
due to these gases, often accompanies volcanic eruptions, 
causing qjt'etions of dust, ash, lapilli, and .larger fi .. agments. 
These materials, when cOllsolidated, constitute breccias, agglom-

and tuffs. 
l'oclcc~.~Uoeks composed of thc transported 

fragments or particles of older rocks that haye undf'r~one 

dii:lilltegration, of volcanic ejecta deposited in lakes and seas, or 

of materials (lcposit.ed ill such water bodies by chemical precipi
tation are termed sediuu:nta1-Y. 

The ehief ngent in the transportation of rock 46bris is water 
in motion, including rain, streams, and ihe water of lakes awl 
of the sea. The materinls are in large part carried ns solid 
particles, and the are t.hen saia to be mechanical. 
Bueh arc which are latcl' consolidated 
int.o Sfllldstone, shale. Some of the mate-
rials are earried in soluLion, and deposits of these are called 
or,!!anic if formed with the aid of lift.', or ('hcllIical if formed 
·without t.he aid of life. The more important roeks of chemical 
and organic origin are limestont', chert, salt, iron on" 
peat, lignite, and eoal. Anyone of thc named 
may be f'\eparatf'ly formpd, or the different he 
intermingled in many wayi'l, produeing a great variety 

AnodiCI' transporting ag-t'nt is nil' in llIotion, or wind, lmd a 
third is icc in motion, or glaciers. The mORt characteristic of 
the wind-borne or eolinn deposits js loess, a fine-grained earth; 
the most characteristic of glacial deposits is till, a hetcrogeneous 
mixture of bo·wlders and pebbles wit.h day or sand. 

Sediment.ary roeks arc usually made up of lllyt'r",. or beds 
·which can be separnted. These ure caned .strata, 
and rocks in such layers are to be stratified. 

The snri'ace of tlIe earth is n~t immomble; 0\ er wide regions 
it \'ery slowly rises or sinks, with referencc to the sea, and 
shore . lint's ~re thereby changed. .L\.s a result of upwanl \ 
moyement marine sedimelltary, ro(~ks may become part of the 
land, and most of our land areas are in fact oceupietI by rocks 
originally deposited as sediments in the 

Rocks exposed at the surf[~ce of tlle air, 
watf'r, ice, animals, and plants, 
known as bacterin. They 
soluble parts HTC leaehp(l Ollt, the 
left as a residual layer, \Yater washes this 

antI more 
materia I being 
material down 

the slopes, and it. is 
other bodies of W(lt~r. 
but it is 

carrietI by riYe1's t.o thc,oeean or 
its journey is not eOlltinuous, 

huilt into river bars and flood plains, 
_-\.llu \·ia1 ~lacial deposits 

df'p()~its belong to 
laver is commonly int'lllded 

Their upper parts, o~cupied by th~ roots of 
cOll:'!titute soils and subsoils, the soils being usually 

dist,inguisim! by a notable atImixture of matter. 
and by various 

processes, ro('ks may in composition 
and in texture. If the new pro-
nounced than the old such rocks arc called In 
the of metamorphism the cOllstituents of a chemi(,~ll 

may enter into new combinations and eertuin substances 
may be iost or new ones added. A complete gradHtion from 
the primary to the metmnorphic form may exist within a 
single rock mass. Such changes transform sandstone into 
quartzite and limestone into marhle and modify other Tocks 
in various ways. 

From time to time during 
been deeply buried and haye 
pressures, to slo\v movement, and to igneous intrusion haye 
been afterward raiRed and later exposed by erosion. In such 
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, may have been deyeloped. 
This structure is called and may cross the original 

rocks cbanwterized by it 
Crvstal8 of mica or minerals lllay have gr~wn 

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

As a rule, the oldest rocks are most altered and the young,=,l'" 
formations haw escaped metamorphism, hut to this mle there 
are many impOliant t'speeially in regiolls 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 charad~r or rocks more or 1ess uniformly 
"\\il.riell in charader, fo1' example, an alternation of shale and 
Jjmestone. \Vhere fn}m one kind of rocks t.o 
another is gradufll it. may TWeeSf(ary to two contigu-
ous formations by an arbitrary line, aTHl sOHle cases the 
disLill(~t.ion depends almost f'nt.ircly on the contained fossils. 
An igneolls fOl'mat-lon cont.ains one or lllore bodies of one kina, 
of' similar oecurrence, or of lil~e origil1. .r\ metanH1l11hie for
mation lllay consist of rock of uniform charaeter or of se\ eral 
roeks having eOlllIllon eharaetel'istics OJ' origin. 

\Yhen for Reientifi(' or eeonomie reasons it is dcsimhle to 
re('ognize and map one 01' more dCYf'ioped parts of ;J 

yaried formation, such parts arc member", or In' oom(' 
odler appropriate term, as h!nti/.I:J. 

.\GER OF ROCKS. 

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

/I 

• 



and still smaner 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 
f!)'oll}wd to,2:f'ther into a 8yl:Jtnn. The pl'illeipal divisions of a 
system are ('alled 8(Tie8. Any aggregate of formations less 
th1ul a Rf'l'ie); 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 dntcrmine their relati \"e from thcir 
present positions; under !:lUch eondiLi,ons if prcsent, 
may indicate which of t.wo or mal'O 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. Rueh 
roeks: are ('aIled fossiliferous. By studying fossils it has 
been found t.hat the life of each period of the earth's history 
was to l-l extent different from that of other periods. 
Only the kinds of marine life existed when the oldest 
f()ssiliferous roeks were deposited. From time 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, which did 1Iot exist in ('arher 
timl:'s and lwve not existed sinpe; t.hf'sf' are c/w/Ylcieril5tic types, 
and they define the tlp:e of any bed of ro('k in which they are 
found. Other types on from period to period, and thus 
linked the forming a chnin of life from the 
t.ime of the rocks to the present. 'VJlere 
two :'ledimcntHl'Y formations are rernot.e from eac·h other ami it 
is impossible to ObSCrY8 their relative positions, the charncter-
istic fossil found in thclll may (If'termillC which 'was 
deposited Fossil remains in the strata of diffcrent areas, 
provinc(~"" and r-ontineuts afford the most import.ant menn:'l for 
comhining local histories into a earth hist.ory. 

It is mallY places difficult or to df:'terllliue the agc 
of an igneons frfrlllfLtion, hut rlw rdatiw age~of sndl a f()rm;l
t.ioll can in generaJ be aseel'tuillca by 
associated f;edimentary formation of known 
igneous lllaRS or is df'positetl upon it. 
which metamoTphi(' J'oeks \\ere formed from the 
may be shown bv their relations to formation.., of 

age; hut the rccohled on Dlap i.., that of the 
masses llnd not. of dwir metamorphit>lll. 

culon;, and pa.tiaus.-Eneh f()l'lnation if; :::;hown on 
the map hy a di.st.inetive combillation of color awl pattern allii 
is'lalwled hy a speriallett.er symbol. 

Patterns {CompoAed of parallel 
format.ions 

lineR ayc mwd to 
ill tlw jnlakes, 

tlots awl 
r-irdf's represent idluvial, and eolian i{ll'll1lltions. Pat
terllS of trianglf's and rhombs arc u::5ed for iguf'oUS fi)l'IllaLions. 
:Metamorphic rO{'kR of unknowll origill llTe 
short <l~:shes placed; if thc rOt-k is 
mlly lw \\avy lineR pm'HUrl to tho t>truetllre 
Suihlble THltterns an' used 10r met.amorphie 
tions known to he of or of igneous origin_ The 
patterns of eaeh das.., are in variom.; (~().IOl'S. \Vith the 
patt.erns of parallel colors are used to indieate ag(;, a 
partieular c0101' to CHell t>ystelll. 

The s\'mbols of two or more leth:'rs. If the age 
of a fOl'~ation is known the snnhol includet> the 
bol, whit'h is H eapital lett.p; 01' monogram; 
symbols atf' ('01l1p08ed of I:Hllalllettel's. 

I'lym
tllC 

The ll:unPS of t.he systems and of Iwries that have heell given 
distinctive in or(lpr from to olflest, with the 
eolor and Hssignetl to 
subjoined 

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

Sy.tAll 

RTTRF.\CE l'O.l:GUI:'. 

lIillEl, ynl1pys, 1ll1d 1,11 oiher snrffl(,c forms IJaYI:' beeD produced 
F9r f'xample, most the result. 

streaW8 that llcnr through 1), 
plains hOJ"(]pring- mall)" streams were up 

hv thc st.reams; \\a"es eut S(,11 (lliH;" llIltl, in cooperation \\ith 
c~rrellts, "(mild up sano spits aIld ham. Topographic form" 
thus conEltitute part of the rc{'ord of tIlC of d](' ('arth. 

Some ionns are insepHrHbly eOIllwcf,cd with TIH~ 

hooked sh9wll in figure 1 is an illustration. To thil'( dnss 
belong alluvial plains, lava streams, drumlins (smooth 
oval hills of till), and moraines (ridg-('s of drift made 
at tllC Ot.her forms are produced by erosion. 

The sea cliff is an illustration; it may be carved from any rock. 
To this clnss belong abandoned river channels, glacial furrows, 
and peneplains. In the making of a stream tprruec an n 11uvial 
plain is first built and afttrward partly eroded awny. The 
shaping of a marine or lacust.rine plain is ul'lual1ya douhle 
process, hills bei~g- worn awa.y (degraded) and yalleys being 
filled up (aggraded). 

AU parts of the land surfaee are suhjeet to thc action of air, 
water, and ice, \'1"11ich slowly wenr tllem down, and streams 
earry the waste material t.o the sea. As t.lle Jep~'nds Oll 
the £low of water to the sea, it ean no,t ('arricd belo'w spa 
level, and t.he e.ea is therefore called the basf::-le1xl of erosion. 
Lnhs or hlrg: rivers may dd(~rmine locfll hase-Ievds for certain 
regions. When a large t.raet is for a long time undisturbed hy 
uplift or subsidence it is df'graded nearly to base-le\'t'l, and tIll:' 
fairly even snrface thus prodlH'ell is called If the 
tract, is aftenvnn{ uplifted, the ele\ated 
re{'ord of the former dose·rf'lation of the traei. lo base-leyel. 

'1"111: V~UtlO\JS GEOLOGIC RHEE'1"b. 

lllap 8ho'wing the areas oecupied 
is called an areal geology map. On 

,vhieh is the key to tile map. To aseer-
tain the mellning any color or pllttf'rn and its lett.Pr 
the rfwler should look for that color, pnttern, und 
the where he will find tIle name and 

If it is desired to find 
name should be sought in the 
lloted; well the arellS on the 
pnt.tern mny be iraeed out. TIle 
ment of tIle ,2:eologic history. In 

neeording 
unknown 

group t.hey ure placed in the order 
so far as known, t.be youngf'Rt at. t.he top. 

map.-The lllap reprf'stmt.ing the di8tribu-
tion of and roekl::' ,ina their relat.ions 
to the topogrllphic fpaturcs and to the 
~el'Jned the economic geology map. The that appear 
Oll the areal geology mnp arc usually shown on t.hil::> map by 
faint.er eolor and the areas of produdive formations 

(~()lors. .A mine symbol shows the 
or quarr,v and is accompfmied tlw 
mineral mined 01' stone If 

mining indust.ries or arlesian in the 
nmJ1Y to show these additional economic features 
in the folio. 

shaftl', and otJler 
natural and artific'ial cuttings t.he different beds to 
one allother l)e seen. Any entting that exhibits thosc 

a sectiun, and the same term is applied to a 
renTC'S,,,>t>;ng the rebtions. The arrangf'IDf'ut of'rocks 

is the enrth'c I5lrucium, and a seC"tloll exhihiting 
arrdn~,emenLis ('jllled <l :;lrudut'(J section, 

is llOt limited, fIOWf>Ver, to naturnl and arti
for hi" iuformnt.ion eoneerning the earth'8 

the mallner of f()rmation of rock:::; and 
the be(l:::; on t.he surface, 

they Pl18S benellth Lhe 
surflwe and ('an draw repl'l:'s('nt.ing the strueture to a 
cOllsi<ierable dept.h. i:"3uch a see~iou is illust.rated iIl flgure~. 

t'IGURR 2.-r\ketch ~howing a venieaJ section at the fronT and It landscape 
beyond. 

The figure represents a landsrape which is cut. off sharply 
in the foreground ou a vcrtical plane, so 3S to show the 
underground relations of t.hc rocks. The kinds of rock are 
indicated by appropriate pattel"lls of lines, dots, and dashf:'-I:l. 
These patterns admit of mueh variation, but. those shown in 
Ggurc a are used to represent the eommoner kinds of roek. 

':l=cl"t<>n~HalHl~'Hl_ 
gIOLll<·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 tllf' kft of figure 2 presents t.oward 
the lower land an escarpment, or ii'ont, \\hich is .made up of 

sHndstones, forming the cliffs, and shales, con.'ltituting t.he 
slopes. The broad belt. of lower land IS t.raversed hy several 
ridges, which are seen in the scction to correspond to· the out
crops of a lwd of sandst.one that rises to the surf~lee. The 
upturllf'a f'(lge", of tIlis hed form the ridges, and the inter
mediate valleys follow the outcrops of limest.one and ealcareous 
shale. 

'Yhere the edges of the strata appear at the surfaee their 
thiekness ean he meH'"mred and the' angles at which they dip 
helm·" the sllrffwe can be obsened. Thus their positions 
underground can be int"(·rred. The direction of the intersec
tion of a bed wi.dl a hOl~zontal plane is ealled thc ,~lrike. The 
inclination of the bed to thc horizontal plane, meHsllred at 
right angles to the strike, is called t.he dip. 

Tn many rcgions the strata are bent into troughs and nrches, 
sllch as are seen in 2. The arches arc ealle{l anticlines 
ana the tl'ou~h;,; As the sandstones, shales, alld 
limestones were deposited beneath the Sf'a in nearly flat sheets, 
the fitct that dlCY arc now bent. and f6ldf'd is proof that forces 
haye from time to time caused the f'arth's surface to wrinkle 
along rertain zones. In places the 8trat.n. arc broken across 
and the parts haye slipped par-h other. ~uch breaks are 
tel'me(ljaults. Two kind8 arc 8hown in iigure 4. 

At the rigl1t of figure 2 the section :::;hows schists that are 
tra ,'ersed by igneous rocks: The schists nrc much contorted 
nnd their arrangement uwlerground can not llC inferred. 
Hence that. port.ion of the· sertion delineates what is probably 
true but i~ not known by ohseryation or by well-fOlUldf'd 
inference. 

The sf:'dion also shows three set." of formatioIls, distinguished 
by tht'ir underground relations. 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 
but are now hi,2:h above the forming a plateau, lind their 
ohange of ele"mtion shows that u of the cilrth's masl'l has 
beell uplifted. 1'110 strata of set are parallel, a relatioil 
whieh is called cm,ero/·muolC. 

The sccond set ('onsistR of strata tlwt have been 
folded into a1"t'hes and troughs. These strata were Ollee con
tinuous, but the crests of the archf's htl\Te b;'en remo\-ed bv 
erosion. The beds, like those of the jin>t set, are conformabl~. 

The horizont.al strata of the plateau rest upon the upturned, 
erodpd edges of thc heds of the I::>eeoml set. shown lit tlle left of 
the section. The overlying are, from their position, 
e"idently younger than t.he deposits, and the bend-
ing awl t'roding of the older beds must have occurred betwe~n 
tllf'ir deposition and the accumulation of the youngf'r beds. 
The roeks arc to the older, and the 
suriuee ii:> 11ll "nconformity. 

The third set of formations {'onsists of crystalline schists aud 
igncou8 roel;;:s. At 80nle period of their history the sehists 
were folded or by pr1:'1::>S111'.(; and t.raversed by emptiolls 
of llloitell But the pre8Snrf' and int.rusion of igneous 
roc-ks have 1l0t afieetf'd the oyerlying stmta of the sprond set.. 
Thus it is evidellt that a con",icierable int.enal elapscd between 
the formation of the sehisLs and the beginning of deposition of 
the st.rata of the seeond set. During tllis int.eryal the sehi,<;Its 
were metamorphoscd, they were disturbed by eruptive 
and they werc deeply eroded. The contact between the 
3nd third sets i::; another unconformiLY; it marks a t.ime 
intenal bet\\een 'two periods of l'oek forrr;ation. 

The seetion and landseape in figure 2 are idf'al, hut t.hey 
illush'Me aetnal relalions. The sediolls on the stl'uetul'L'
spction sheet are 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 aetual slopes of the ground 
along the section line, and tJlC depth from the surface of any 
min~ral-producing or water-bearing stratum that appea.rs in 
the seetion iliay be measured using the seale of the map. 

Columnar secLion.-The maps arc usually accom-
panied by a c()lumnm~ 8fction, which eontains a concise 
de:::;cription of the sedimentary formations that oecm in the 
qU~idrangle. It. presents a summary of lhe fiwts relating to the 
eharader of the roeks, the thi(~kness of the formations, awl the 
order of aeeuIIlulation of I:lIH:cessi ve deposits. 

The rocks are briefly deseribcd, and their eharaders are 
indicated in the eolumnal' diagram. The thicknei:3ses of for
inations are given in figures thaL 8tnte the least twd greatest 
meIL'lUl"ements, and the thickness of caeh formation is 
shown in the colulllTl, which dnlwn to w~ale. The order of 
accuIllulation of t.he sediment8 is shown in the columnar 
arrangement-the oldest being at the hottom, the youngest at 
the top. 

The intervalt> of tillle that eorrcspond t.o events of uplift and 
degradation and eonst,itut.e iuterruption:::; of deposition fLre 
indieat.ed graphically and by the word" uneonfol'Illity." 

GEORGE OTIS SMITH,. 
May, 1900. Director. 



DESCRIPTION OF THE PAWPAW AND 
QUADRANGLES. 

HANCOCK 

INTRODUCTION. 

LOCATION AND AREA. 

The Pawpaw and Hancock quadrangles embrace parts of 
eastern West Virginia, western Maryland, and southern Penn
sylvania hetween parallels 39° 30' and age 45' and meridians 
78° and 78° 30', and contain 460 square miles. (See fig. 1.) 

FIQUIUli i.-Index map of the vicinity of the Pawpaw and Hancock 
quadrangles. 

The location of the PawpawRnd HBllcock quadraugles IS shown by the darker ruling. Publl!lhed 
folios descrlblng otheI' quadrangles 8T<) Indlcated by lighter ruling, lI.8 followB; NOB_ 10, 
Harpers Ferry; 28, Piedmont; 82, Franklin; 70, WREiliington: 813, Masontown-Uniontown; 
94, Brown!!ViIle Connollsvillt': lOll, Indiana.: no, Latrobe; 115, Kittanning: 1211, Elders Ridge: 
til(;, Rural Valley: UIll, Ebensburg: 137, Dover; 152, Patuxent: 160, Aooid"Dt-Grantsvills; 
110,1Ile>'cBl'sburg-Chambersburg. 

Parts of eight counties are included in the area, Morgan, 
Berkeley, and Hampshire in 'Vest Virginia, Washington and 
Allegany in Maryland, and Bedford, Fulton, and Fl;anklin in 
Pennsylvania. Hancock, Md., is the largest town in the area, 
Pawpaw, Great Cacapon, and Berkeley Springs, W. Va., being 
next in importance. 

THE APPALACHIAN PROVINCE. 

The Pawpaw and Hancock quadrangles form part of the 
Appalachian geographic and geologic province, which extends 
from the Atlantic Coasta.! Plain to the Mississippi lowlands 
and from central Alabama to Canada. This region has had 
throughout its extent a similar history, which is recorded in its 
rocks and its topographic features. Only a part of this his
tory can be interpreted from so small an area as: the Pawpaw 
and Hancock quadrangles, and it is therefore desirable to con
sider the area in its relation to the entire province. 

The Appalachian province is composed of three well-marked 
divisions, each of which shows similar sedimentary deposits, 
geologic structure, and topography. The western diVision is 
named the Appalachian Plateau; the middle the AppaJachian 
Valley and valley ridges; the eastern the Appalachian Moun
tains and Piedmont Plateau. (See fip;. 2.) These divisions 
extend nearly the length of the province from northeast to 
southwest, but the following description applies more directly 
to the portion south of the State of New York. 

Appalachian Valley.-The central division, the Appalachian 
Valley, is the best~defined and most uniform of the three. In 
its southern portion it coincides with the belt of closely folded 
and faulted rocks fonning the Coosa Valley of Alabama and 

aThe Pawpaw and Hancock quadrangles were surveyed in cooperation 
with the State Geological SurvAy of Maryland. The Maryland portion of 
these areas was originally surveyed by George C. Martin of the Maryland 
Survey. 'rhe Silurian. Lower Devonian, and Carboniferous boundaries 
were latel' revi8ed by George W. Boose, and the Middle and Upper Devonian. 
boundaries were newly mapped by Charles K. Swartz, D. W. Ohern, and 
T. P. Maynard of the Maryland Burvey in cooperation with the Federal 
Survey. The West Virginia portion of the quadrangles was surveyed by 
Stose and the Pennsylvania portion by Stose and Swartz. The text, except 
the chapter on the Middle and Upper Devonian by Charles K. Swartz, was 
written by George. W. Stose. Fossils of the Lower Devonian and older 
rocks were determined by E. O. Ulrich, who contributed most of the dis
cussion of the correlation for this portion. 

This folio is one of several desorlbing the quadrangles that lie between 
the Allegheny Plateau and the sea along the northern border of Maryland, 
to be published by the United States Geological Survey in cooperation with 
the State GeologieaJ Survey of Maryland. These folios will form an educa
tional series to iIluetrate the geology of the middle Atlantie slope. One folio 
of this series has already been pnblished, namely, Accident-Grantsville, 
No. 160. 

By G. W. Stose and C. K. Swartz.'" 

Georgia and the valley of eastern Tennessee and Virginia, 
where it varies in width from 40 to 125 miles. Throughout 
its central and northern portions the eastern side is marked by 
great valleys ranging in width from 8 to 13 miles, among them 
being the Shenandoah Valley of Virginia, the Cumberland 
Valley of Maryland and southern Pennsylvania, the Lebanon 
Valley of eastern Pennsylvania, and the Kittatinny Valley of 
New Jersey. The western side of this portion of the Appala
chian Valley is a succession of narrow valleys separated by 
parallel ridges, known as the Appalachian VaHey rid~es. This 
central division is sharply delimited on the southeast by 
the Appalachian Mountains and on the northwest by the 
Appalachian Plateau. 

FIGURE 2.~MRp of the northern part of the Appalachian provlnce. showing 
its physiographic divisions and its relation to the Coastal Plain. 

The PawpAw and Hancock quadra.ngles are situated in the Appalachian Valley dlvisiou at the 
IllIrrowestparlotMaryle.nd. 

The rocks of the Appalachian Valley are almost wholly 
sedimentary, consisting of limestone, shale, and sandstone. 
The strata when deposited were nearly horizontal, but they are 
now inclined at various angles and their outcrops at the surface 
form narrow belts of different kinds of rocks. The surface 
relief' varies with the outcrops of rocks of' different hardness 
and solubility. In the southern portion of the valley, where 
large amounts of calcareollil rock are exposed by the erosion of 
anticlinal folds, the surface is more readily worn down by 
streams and is lower and less varied than in the adjacent 
rebrions on the east and west. In the western part of the 
northern portion of the valley, however, sharp ridges and 
narrow valleys of great length follow the nan:ow belts of 
upturned hard and soft rocks respectively. 

Appalachian lli,)untains and Piedmont Plateau.-The eastern 
division of the province embraces the Appalachian Mountains 
and the Piedmont Plateau. The Appalachian Mountains are 
made up of many ranges and ridges, which under various local 
names extend from southern New York to central Alabama. 
Chief among these are South Mountrun in Pennsylvania, Blue 
R~uge and Catoctin Mountain 'in Maryland and Virginia, the 
Great Smoky Mountains in Tennessee and North Carolina, 
and the Cohutta Mountaiml in Georgia. The Piedmont Plateau 
is a vast upland that lies at the eastern foot of the Appala
chian Mountains. It stretches southward from New York to 
Alabama and merges eastward into the Coastal Plain, which 
borders the Atlantic Ocean. The mountains and the plateau 
grade into each other with no sharp boundary. The same 
rocks and the same structures appear in each, and the form of 
the surface varies largely in accordance with the ability of the 
different streams to wear down the rocks. Most of the rocks 
of this divlliion are more or less crystalline, being either sedi
ments that have been changed to sJates, quartzites, or schists 
by varying degrees of metamorphism, or igneous rocks, such 
as granite, diabase, and gneiss, which have solidified from a 
molten condition. 

Appalachian Plateau.-The western division of the Appa
lachian province includes, in addition to the Cumberland 
Plateau of Tennessee and Georgia and the Allegheny Plateau 
of Pennsylvania, Maryland, Virginia, and West Virginia, the 
lowlands of central Tennessee, Kentucky, and Ohio. Its 
northwestern boundary is indefinite but may be arbin'arily 
regarded as a line <,.oinciding with the eastern boundary of 
the Mississippi embayment as far up as Cairo, and then 

crossing the States of Illinois, Indiana, and Ohio. Its eastern 
border is sharply defined in most places along the Appa
lachian Valley by the Allegheny Front and the Cumberland 
escarpment. 

The rocks of this division are almost entirely of sedimentary 
origin and are only gently folded. The surface, which is 
dependent on the character and attitude of the rocks, is that of 
a plateau in various stages of dissection. In the southern half 
of the province portions of the plateau are of wide extent and 
nearly fiat, but it is more commonly intersected by numerous 
valleys and ravines, which leave small elevated flat-topped 
remnants. In West Virginia and in portions of Pennsylvania 
the plateau is so largely dissected that the irregularly rounded 
knobs and ridges that remain bear but little resemblance to 
the original surface. The western portion of the plateau has 
been completely removed by erosion, aud the surface is now 
comparatively low and level or rolling. 

Altitude.-The Appalachian province attains its greatest 
elevation in North Carolina, where the Appalachian Moun
tains have a maximum altitude of 6712 feet. The range 
descends southward from this culminati[lg point until its 
height becomes less than 1000 feet at its southern end in 
Alabama, and northward t.o 3500 feet in Virginia and 1750 
feet in Maryland and Pennsylvania. The plateau division 
west of the valley, beginning at its southern limit at an alti
tude of 500 feet, ascends to 2000 feet in Tennessee, and 
culminates in eastern Kentucky at about 4000 feet, whence 
it descends again to 2000 feet in central Pennsylvania. 

The elevation of the floor of the Appalachian Valley is 
determined largely by the drainage basins of the trunk streams 
which cut through the mountain barriers on either side at 
irregular intervals, and it has therefore numerous culminating 
points on the watersheds between these streams. It rises from 
less than 500 feet in Alabama to 2700 feet on the Tennessee 
River-New RiYer divide, at which point it begins a desrent to 
2200 feet in the New River valley. The elevation of the 
valley floor rises and falls over the divides and valleys of' 
the James and Potomac rivers, reaching a minimum of 500 
feet in the latter basin. It does not rise above 1000 feet in 
Pennsylvania. Throughout the length of the province the 
stream channels are cut 50 to 250 feet below this valley floor, 
and the valley ridges rise from 500 to 2000 feet above it. 

Drainage.-The drainage of the province is in part eastward 
into the Atlantic Ocean, in part southward into the Gulf of 
Mexico, and in part westward into the Mississippi. All the 
western or Plateau division of the province, except small por
tions in Pennsylvania and in Alabama, is drained by streams 
flowing westward into the Ohio and thence into the Mississippi. 
The northern portion of the Appalachian Mountain division is 
drained eastward into the Atlantic, but south of New River all 
except the eastern slope is drained westward into the Ohio by 
tributaries of the Tennessee or southward into the Gulf by 
tributaries of the Coosa. 

In general the streams of the Appalachian Valley flow for 
long distances in the lesser valleys along the outcrops of softer 
rocks parallel to the mountain ranges bounding the valley. 
These longitudinal streams empty into larger transverse rivers 
which cross one or the other of the mountain barriers. In 
the northern portion of the province Delaware, Susquehanna, 
Potomac, James, and Roanoke rivers pass through the Appa
lachian Mountains in narrow ~ps and flow €'.8stward to the 
sea. In the central portion of the province, in Kentucky and 
Virginia, the longitudinal streams form New River, which 
flows: westward in a deep, narrow gorge through the Cumber
land Plateau into the Ohio. From New River southward to 
the boundary of Georgia the valley of eastern Tennessee and 
Virginia is drained by tributaries of the Tennessee, which at 
Chattanooga leaves the broad yalley and, entering a gorge 
through the plateau, runs westward to the Ohio. South of 
Tennessee River the streams flow directly to the Gulf of 
Mexico. 

Rocks and general geologic history.-The rocks that appear 
at the surface of the Appalachian province comprise igneous 
and sedimentary rocks and crystalline rocks which, on account 
of their age and extensive alteration, are of unknown origin. 
The geologic history of the region is preserved in these forma
tions, but at no one place is the entire record complete and 
only by combining the data from the various parts of the 



province can the genOm!. <>cenrrence of geologic ev.nls b. 
determined. ' 

The old .. t rock. of the region consist chiefly of gn.i ..... ;;d 
schists which occur in the Appalachian Mountains and in the 
Piedmont Plateau. The original character of these rocke is 
obliterated by the exten.ive alteration which h.s taken piece 
during the long ages since their formation, and it is generally 
impossible to determine whether they were a part of the· cooled 
surfuce of aD original molten mass or ~hnents laid down in 
the ear!ieot..... The great pressure and heat to which the 
rocks were anbjected during periude of compreasion. while 
d .. ply buried in the earth have caused recrystallization of the 
mineral particles in DeW forms and associations,· and have 
given the rocks a gneissoid or schistose structure. Duri1.1g 
this early period,· while still d •• ply buried, th ... schists and 
gneisses were penE'trated by great masses of molten rocks ftotn 
below, which now occur at the surfuce 8S granites, diorites, 
and other crystalline igneous rocks. This basal complex, is 
gen.rally regarded as belonging to the Archean period. 

After theae once deep-seated rocks were brought to the 
surface in pre..Cambrian time by uplift and long..continued 
erosion, they were covered by. lavas. Whether these ancient 
laVas represent a late pornon of the .Archean period or are of 
Algonkisn age is not certain. They are separated from Ibe 
overlying Cam brian strata by an unconformity, and ftagm0nts 
of the lavas form basal conglomerates in the Cambrian. These 

. pre-Cambrian rocks ar. found botb in the Appalechisn Moun-
tain. and in the Piedmont Plateau. In general, th~ oldest 
rocks occur on the Mstern side of the province and SU~ 
sively younger strata appear toward the west. 

After a period of erosion a, portion of the land w~ sub
merged beneath the sea, and sand'J gravel, mud, and calcareous, 
ooze were 'laid down upon the older rocks in the forrp. of 
marine sediments. In these deposits, now hardened to sand
stone, conglomerate, shale, and limestone, are to be seen frag
ments of waste nom the igneous and metamorphic rocks of the 
adjacent land. < 

These strata do not represent continuous sheets of deposits 
throughout the pro"ince, for portions of the sea bottom were at 
times uplifted into land and the newly deposited sediments 
were exposed to erosion while other portions were still sub
merged. TlIe sea in which these sediments were depo;sited 
was an inla.nd body of water occupying the "interior of the 
North American continent,. and· its eastern shore oscillated 
beck and fortb aero .. tbe A ppalacbian province. Tbe sub
mergence began at least as early as the beginnin'g of Cambrian 
time, and perhaps in Algonkian time, and continued with 
interruptions to the close of the Carboniferous period. 

Several great cycles of sedimentation are recorded in the 
rocks of{l this region. The first deposits were conglome'mtee'i 
sandstones, and shales; laid down in early Cambrian time along 
~e eastern border of the interior sea as it encroaehed upaD the 
sinking land. As the land was worn d-own and erosion became 
lees BOti ve the sediments became finer, until in late Cambrian 
time very little mechanical rletritus reached the sea and the 
deposits consisted for the most part of calcium carbonate. 
This condition continued into the Ordoncian period without a 
marked break in the sedimentation, but the beginning of the 
Silurian period was m~ked by increased activity of the erosive 
agencies, and a cons1derable thickness of. quartz sand and 
pebbles, equivalent in a.ge to the Medina. sandstone of New 
York, was laid down thronghout the length of the province. 

The sea covered the region as far south as Virginia until the 
close of the Silurian, during which time the sediments became 
finer and finer until ultimately limestones were again depolr 
ited. Pure white sand and conglomerate equivalent in age to 
the Oriskany sandstone of New York were deposited in early 
Devonian time by reason of a third uplift of the land and 
were followoo by a vast accumulation of mud and sand on the 
sin~ bottom of the shallow sea. South of Virginia other 
conditions prevailed during Silurian and Devonian time,\ for 

·in general"o1;lly a few feet of Devonian black shale overlies 
the sandstone of early Silurian age. , Vast land areas 'must 
have existed in this part· of the province during the latter 
part of the Silurian period and most of the Devonian. 

The Carboniferous period, although it b~n with marine 
deposits consisting for the most part of limestones, is charac
teri~ by brackish-water and marsh deposits, which indicate 
the existence of broad, shallow estuarine basins, in whic;:h 
were accumulated detrital material bl'OUght in by 8t~ms. 
With the sands and mud were 'occasionally buried layers of 
carbonaceous matter derived from dense growths of vegeta.tioq 
in the shallow wate1'8 of the bay or in marginal swamps. 
These have since been converted into the coal beds which 
comprise the great Carboniferous coal field of the AppalachiaD's. 

Sedimentation in the Appalachian province ceased almost 
entirely. at the close of the Carboniferous period, at whicli, time 
the region was uplifted. and the area previously covered by 
the inland sea was drained and added permanently to the land. 
Estuarine deposits were 1ocally'laid down, however, in shallow 
basins on the eastern margin of the Piedmont Plateau during 
the TriRssic period. In the ages since that time the region 
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has been subj~ to erosion, and no deposits except local 
stream grl\r~ls are left to record its history, which is preserved 
only ill the topographic forms. 

• r 
. TOPOGRAPHY OF THE QUADRANGLES. 

RELIEF. 

The Pawpaw and Hancock quadrangles lie entirely within 
the A""ppa.laehi~n Valley division of the Appalachian province. 
The A-ppalaehi!J.n .valley in this area, ,and generally throughout 
the northern Appalachian region, has an eastern or valley 
portion, known in Maryland and Pennsylvania as the Cumber
land VaUey and in West Virginis as the Sbenandoah Valley, 
an~ a western or mountainous portion comprising the Appala~ 
chiao Valley ridp;es. Only the extreme southeastern corner of 
the a"r~ inclnd$l in these quadrangles is a part or the Shenan
doah Vailey, a wide limestone vaHey extending eastward to 
South Mountain. Throughout the rest of the area mountains, 
nal'1'Ow valleys, and deeply disseeted uplands alternate, the 
whole eut aero .. by the deep winding gorge of the Potomec. 
The most prominent mountains are North, Third Hill, Short, 
Sl~py Creek, Cove, and Keefer mountains in the Hancock 
quadrangle, and Cacapon, Sideling Hill, Spring Gap, and 
To~ Hill mountains in the Pawpaw quadrangle. 

COdap"" Afountain.-C\wapon Mountain is tbe higbeet and 
m'OSt important mountain in the area, and serves 8S a dividing 
line between two varieties of mountainous topography. To the 
east is a low plateau, extensi vel y dissected, with occasional 
higher ridges and mountains rising 'above it. To the west the 
general,su-moo, originally a plateau, is now so deeply dissected 
and h88 so many ridges rising above it that it has a much more 
rugged and mountainous character. 

Beginning as a small ridge at Sir Johns Run on the 
Potomac, Cacapon Mountain develops southward into a narrow 
precipitous mountain that rises rather abruptly to an eleva
tion of 1800 foot. It broadens south of this point to a mas .. 
sive flat-topped mountain' 2000 feet in elevation, with very 
precipitous' slopes, and attains an altitude of 2270 feet at the 
southern border of the quadrangle. Great Cacapon River, 
wh.ich is graded nearly to the level of the Potomac, flowB along 
-the western base of the mountain, and its short lateral tribu
taries have cut' deeply into the western' si4e of the mountain 
forming severakvery rugged, densely wooded ravines-the most 
picturesque bit of mountain scenery in the area. Prospect 
Rock, where the Great Cacapon has undercut the mountain 

summits are of about the same- elevation. Theee higher ridges 
are composed of relatively hard strata. Elsewhere the upland 
is formed of level-topped ridges RDd hills of somewhat lees 
altitude, formed on softer rocks. Pigskin, Coon, and many 
unnamed similar ridges, whose level tops do not ordinarily 
rise to beighta greater than 700 f.et, are of this eises. The 
origin and history of these elevated level plains are discussed 
under the heading" Historical geology." 

North Mountain, Ferrel Ridge, Moore Knob, Elbow Ridge, 
and several unnamed ridges and foothills are minor eleva.tions 
above the upland level. Sleepy Creek Mountain, Third Hill, 
Short. Mountain, Dickeys Mountain, Keefer Mountain, and 
Cove Mountain rise much higher above this upland, and form 
parts of mountain chains nhat extend far beyond the limits of 
the quadrangles. 

West of Oacapon Mountain.-The higher ridges and moun
tains are so numerous in this part of the area. that the plateau 
features are somewhat obscured. Between the hIgh ridges, 
however, are many level-topped hills and terraces at 1000 to 
1100 feet elevation which are the remnants of the plateau, and 
nearer the present dl'ainage are other level stretches at 800 to 
900 feet elevation that represent the lower plain. The latter 
are well shown at the brink of the Potomac gorge in Plate' 
IV, and the higher upland plain appears 118 a cul~vated shelf 
at the foot of Town Hill in the distance, hardly' discernible in 
the photograpb. Abov. this plain rise .harp straight ridges, 
such as Green and Tonoloway, composed of' harqet rocks, 
and Sideling Hill, Purslane Mountain, Spring Gap Mountain, 
Town Hill, Ragged Mountain, Gabriel Knob, ~nd Polish 
Mountain, higher mountains. which rise to heights of 1800 or 
2000 f.et Most of tbe ridges in this part of the quadrangle 
are long, narrow, and straight, bearing N. 25°-30° E. This 
i. true not only of the higber ridges, such as Green Ridge, 
Town Hill, Sideling Hill. and Tonoloway Ridge, but aleo of 
some of the lower ridges, such as Long, Bare, and. Road ridges. 
This linesr character is due to the ract tbst·the folds of the 
rock strata are continuous across this part of the quadrangle, 
whereas in Cacapon Mountain and eastward the folds are 
shorter and ter'minate a.bruptly' by pitching, which gives. rise 
to curving outcrops and discontinuous rock ridges .. 

DRAINAGB. 

The Potoma.c and its branche8.-The entire drainage of the 
two quadrangles flow~ into Potomac River, which with its 
tributaries illustrates the "trellis" drainage characteristic of 

)[ost;oftheB~direotlyt""butarytoth6 Potomac, the :rn&in stock of the trel1is IIyIJtem, follow the direoUonot the Btrikeofthe1'oob, aadthe 
~brIIImheIIl'Imatrlght~"'thls"ourae. 

an~ formed steep bare cliffs, commands a superb view of the 
river gorge and the mountains to the west, and is the scenic 
point for visitors ftom the neighboring Bummer resorts. (See 
PI. lI.) Another and more easily accessible viewpoint is on 
the crest of the mountain where it is crossed by the Great 
Cacapon road; direct.ly above tbe plec. where the Potomac 
underents' the mOnntain and is deflected at right angles from 
its hitherto eastward cou..... (See PI. I.) Th. eastern slope 
of the mountain, although steep, is free from deep ravines 
altd fuothilla exeept near the southern border of the quad
rangle, """ere modsrarely rugged ravin", lie baek of the Piney 
Ridge fuothills. ' 

Ea.t .of Cacapon Mountain.--,-The topography or 'the region 
11ing east of Cacapon Mountain and Tonoloway Ridge and 
norlb of tile. Potomac is as a rule I ... rugged than that to the 
west. The snrfilCe in general forms a rugged opland ranging 
from '100 to ~OOO feet in elevation, into whjch is cot an intri
cate "trel1iB'~ dminage-, and aho~e which rise hill! and moun ... 
tain.. The upland i. cOmposed in part of long straight 
hogbaqltor .$l.rUcturai ridges, such as Warm Springi H1n:oe, 
PioUs, ·:EJlgljlilnd, Cove, ODd Timber ridgeS; whlilO wide level 

portions of the Appalechian province. The Potomsc" the 
trunK. stream, enters the area in the extreme southwest corner 
and pll88e8 out iii the middle of the eastern. margin, cutting 
ecroeo tbe sll:ucture of the rock. and the trOnd of the ridges for 

- most of th .• way. Its genet'll course ..... inberited from th~ 
chafUlel of a U consequent" stream that flowed upon a tilted 
peneplllin, ... hich is represented by the ~ted upland eXi.t.
ing tcHlay, as is explained under the heading" Historical geol
ogy." The main tributaries are lateral branches joining the 
trUnk stream nearly at right angles, which follow the trend of 
the rock structure and are called "subsequent" strea~ These 
again have minor transverse trlbutariflS" the longer ones mostly 
from the weet, and they in turn hove smaller branches parallel 
to the trend of the structure. ~ignre 3, ·amap.of the streams 
of the Pawpaw-Hancock quadrangles, illustrates this trellis 
system of drainage. • 

The main tributaries of the PoUnDS<!, from west tneas~ on the 
Maryland sids are Fiftesnmile, Sideling Hill, Tonolowey, Great 
Ton"loway, and Licking creeks; on the BOnth or·W est Virginis 
eit\e, Little Cacapon Rivlll',~wflll Run, qteat {Jec&~J.tiver, 
Sleepy Creek, and Back Creek',. which are described below. 



From Little Cacapon to Lineburg the Potomac flows in a 
structural valley and is therefore of the subsequent type. It is 
unusual for a stream intrenched in a deep-cut channel to have 
a winding course such as is this part of the Potomac, and its 
wide meanders are explained under the heading" Historical 
geology" as having been inherited from a previous drainage 
system. Along the meanders are many short tributaries, both 
transverse and parallel to the structure. 

Between Sideling Hill Creek and Grelt Cacapon Biver the 
Potomac has several moderately long straight lateral tributaries 
on both sides. Those on the north have few branches, but 
those south of the river have been formed by the coalescence of 
several small streams into two main tributaries. East of 
Cacapon Mountain, Sir Johns, Warm Spring, and Dry runs are 
long straight streams in narrow lateral valleys with few tribu
taries. Other short lateral tributaries enter the Potomac from 
both sides as far as Sleepy Creek. Between this and Back 
Creek the minor tributaries are less regular because the rocks 
across which they flow are soft. Cherry Run, a relatively long 
stream that heads back of Short Mountain, has an irregular 
zigzag course diagonally across the trend of the strncture. 

Maior tributaries from the norlh.-Fifteenmile Creek dmins 
all the northwest quarter of the Pawpaw quadrangle. As 
explained under the heading" Historical geology," the lower 
part of its course, east of Green Ridge, was probably inherited 
from the consequent stream that flowed down the Schooley 
peneplain and was superposed across the strneture. In this 
portion of its course it has several long straight branches of the 
subsequent type, and others that ramify in irregular fushion. 
The upper portion of the valley is of the subsequent type with 
long branches which flow from the west acrose the trend of the 
rock folds. Of these Bear Camp Branch, which drains the 
extreme northwest corner, is the longest. 

The lower portion of Sideling Hill Creek and Bear Creek 
Fork forma a crooked meandering subsequent stream that lies 
close to theweat foot of Sideling Hill and therefore has .hort 
tributaries on the east. To the west the main branchea are 
longer, one of them now being the main stream. It has cut 
throu~h Barnes Gap in Town Hill and apparently captured 
the dro.inage of a considerable area once .drained by the 
antecedent of Fifteenmile Creek. 

Little Tonoloway Creek is another major tributary whose 
lower portion is transverse to the rock structure and apparently 
£ollm~s the old course of the consequent trunk stream, 88 

explained under the heading "Historical geology." East of 
Tonoloway Ridge it has long straight subsequent branches on ( 
both sides. Immediately west of ' the ridf.!:e it forks into two 
subsequent streams, all of whose important branches come from 
the west and drain the east .lope of Sideling Hill. 

The source of Great Tonoloway Creek is :fBI' beyond the 
~ north border of the area. It first enters the' quadrangle in a 

small hook, where it cuts through Cove Ridge and drains a 
small area of the quadmngle west of the ridge. Below the 
point where it reenters the quadrangle it has few tributaries 
and therefore drains but little of the area. 

The rock. structure is not so regular in the eastern part of 
the area, and Licking Creek does n~t follow the trellis system 
so definitely, It is in a general way a crooked subsequent 
stream with irregular lateral branches. Its main tributary, 
Little Cove Creek, flows directly into it from the north, but 
the main stream, which is parallel to the structural ridges on 
the west aide of Dickeys Mountain, cuts across them at the 
Pennsylvania boundary. This deflection of the stream across 
the strncture rather than the continuation in a straight COUl'Be 
past Warren Point to the Potomac is probably due to the 
tendency of major subsequent streams to locate near the 
upslope (west) side of major atrnctural ridges. Thus the 
original stream on the sloping upland plain followed the 
west side of Dickeys Mountain to its end, around which it 
passed to the next structural ridge down the slope. Since 
then it has intrenched itself across the hook of the minor Elbow 
Ridge. , 

MajM tributaries from the ,omh.-Little Caclpon River 
drains a large region south of the quadrangles but pasees 
through only 1';' mileEl'of the Pawpaw qU3drangle, in whi-ch it 
has only a few short tributaries. 

Rockwell Run is a single long stream with almost no ~teral 
branches that drains the narrow basin between Sideling Hill 
and PUl'l:3Iane Mountain. It is parallel to the rock ~cture 
over most of its course but near its mouth turns :west through 
a rocky gorge in the mountain and enters the Potomac in its 
meandering portion. 

Great Cacapon River, which heads far beyond the southern 
limit of the Pawpaw quadrangle, is strictly a subsequent 
stream within the bounds of the quadrangle. It lies close 
against the west foot of Cacapon Mountain from which 
descend many short steep tributaries that have cut deep rooky 
ravines in the mountain side. In most of its course in the 
quadrangle it is closely confined on the west by Tonoloway 
Ridge. Snuth of Ziler Ford, where it pasoea through a gap in 
the ridge, it has- numerous transverse tributaries, chiefly from 
the weet. Snme of theoe prohably once dmined north along 
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the west side of Tonoloway Ridge but have been reversed, 88 

explained under the heading "Historical geology." Above 
Spring Ford the stream has a winding course, . and its deeply 
intrenched meanders are unusually symmetrical and regular in 
form. 

Sleepy Creek drains a large portion of the central southern 
part of the quadrangles. It is essentially a- subsequent stream 
in this area, and follows closely the Wailt foot of Sleepy Creek 
Mountain in its lower stretches. At several places it has been 
deflected from successive parallel courses farther out in the 
valley, each of which is in turn the continuation of .a long 
longitudinal tributary, such as Mountain Run. These offsets 
in the main stream may be due to the more l'&pid development 
of tributary streams than of the trunk stream by the de8ection 
of drainage from other sources. For example, Rock Gap Run 
and other streams west of Timber Ridge were probably at one 
time tributary to Sir Johns Run or Warm Spring Run, but 
were diverted by the greater activity of Sleepy Creek. 

Meadow Branch, one of the main tributaries of Sleepy Creek, 
drain. the basin inclooed by the Sleepy Creek, Third Hill, 
and Short mountains. Along the lower reaches of this stream, 
where it is actively cutting its bed in the hard sandstone of the 
mountain, it has ~ very steep grade, and this spot is one of 
the most pictureeque in the region. (See PI. VL) , 

Back Creek, which drains the southeast corner of the area, 
is a deeply incised meandering stream, with i1B tributaries 
chiefly on the west. Its meanders have a peculiar crescent
shaped appearance, due to the preservation of the undercut 
cliffs of the harder strata on the east while the soft strata in 
the banks on the west have slumped down and lost their 
regular curved outline and steep character. Tilhance Creek, 
its main tributary, is throughout most of its course a sub- A 

sequent stream flowing along the structural ridge culminating 
in Ferrel Ridge. Its transverse branches and lateral sub
branches of the trellis system drain all the area east of Third 
Hill Mountain. 

DE'3CRIPTIVE GEOLOGY. 

, STRATIGRAPHY.'" 

The rocks of the Pawpaw and Hancock quadrangles are 
all of sedimentary origin and are of Cambrian, Ordovician, 
Silurian, Devonian, CarbonifeYous, Tertiary, and Quaternary 
agEll3. Cambrian and Ordovician rocks are exposed only in the 
small triangular tract in the southeast corner of the Hancock 
quadmngle and in Cacapon Mountain. The greater portion of 
the area is covered by Devonian rocks. Silurian and Carbon
iferous strata occur chieflv in narrow north and south anticlinal 
and synclinal bands. Unconsolidated gravels and alluvium 
along terraces and bottom lands of the streams are mapped only 
in the larger vapeys. (See the areal geology mape.) 

CAMBRIAN SYSTEM. 

Only the uppermost Cambrian formation (Conocochea.gue 
limestone) is exposed at the surface in the Hancock quad
rangle. The Elbrook, Waynesboro, and TOIDstown formations 
of Shenandoah Valley and the underlying sandstones, shales, 
and quartzites that compose South Mountain to the east prob
ably underlie the Conococheague but have not been exposed 
by erosion in the area. The Conococheague limestone is part 
of the Shenandoah group, which comprises all of the limestones 
and interbedded shales including the Tomstown at the base 
an~ the Chamhereburg at the top. 

Character and diatribulwn.-A small triangular portion of 
a nat"row body of Conococheague limestone occupies the south
east corner of the Hancock quadrangle. It is brought to the 
surface by the erosion of an anticline, and the basal sandy. 
conglomeratic layers are not expo8ed in the area hut appear on 
another anticlin'S farther east. The lowest beds seen at the 
axis of the fold in the quadrangle are bright-yellow to reddish 
sandy rocks, the product of leaching finely siliceous limestone. 
Above this are banded highly siliceous limestones which 
weather to hard shale fragments that cover the slopes and form 
ridges. Next above is dark pitted limestone with siliceous 
partinga followed by light oolitic Iimeatone. The ba,al bed, 
exposed a short distance east of the quadrangle are very 
sandy limestone conglomerates which weather to C08l'Se porous \ .' 
sandstone with large pits out of which ~mestone pebbles have 
been diarolved. The thickness in the Hancock exposures is 
approximately 1250 feet. The best measurement obtained in 
the Mercersburg-Chambersbri~s area to the northeast gave a 
total of 1635 feet. 

Oorrelation.-Except Orypto .. "" prolifM"Um, which occurs 
ra~her generally in the lower portion of the formation, no 
fossils were found in the Conococheogue limestone in the 
Hancock quadrangle, although at the type locality on Conoco
choogue Creek in the Chambersburg quadrangle several species 
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of trilobites and a brachiopod were collected in the lower beds. 
These fossils are all of Upper Cambrian (Baratogan) speciee., 
and the formation haa heen detinitelyaaaigned to that age. 

OlIDOVICIA.N SYSTEM:. 

The Ordovician strata exposed in the quadrangles co~prise 
a few areas of the Juniata formation, Martinsburg shale. and 
Beekmantown limestone. The Stones River and Chambers
burg limestones, which normally occur between the Beekman
town and Martinsburg formations, are cut out by faulting 
along the eastern foot of North Mountain and are not known 
to occur in the Pawpaw and Hancock quadrangles. 

Charaeter and diatrilJution.-Only one narrow body of 
Beekmantown limestone occurs in the area, in the extreme 
southeast corner of the Hancock quadrangle, east of North. 
Mountain. It is here poorly exposed and is much sheared at 
its western border where it is faulted against the Martinsburg 
shale, so that its character can not be determined with satis
faction. Its outcrops are chiefly light-gray magnesian lime
stone, with some cherty shaly beds and purer fine-grained 
limestones. As it is bounded on both sides by faults its thick
ness and stratigraphic relations can not be determined in this 
area. In the Mercersburg quadrangle, adjoining the Hancock 
quadrangle on the northeast, where the Beekmantown lime
stone has a thickness of abont 2300 feet, it is underlain by the 
Conococheague limestone and overlain by the Stones River 
and Cha.mbersburg limestones, which occur normally between 
it and the Martinsburg shale but are here cut out by fault
ing. It is in general a comparatively pure limestone., in part 
minutely laminated by impurities and in part smooth, even 
grained, and lif.!:ht pink. Near the base 8J'6 siliceous banded 
~s similar to those of the Conococheague with coarse "edge
wise" limestone conglomerates, which have been sepa1'8ted as 
the Stonehenge limestone member. This member occnrs in 
the area immediately east of the Hancock quadrangle, where 
its base is locally composed of" porous sandstone. It was not 
seen in the Hancock quadmngle, being there apparently cut 
out by faulting. 

Oorrelation. - The lithologic character of the limestone 
corresponds in general with that of the Beekmantown in the 
Mercersburg quadrangle, and the few poorly preserved gastro
pods found in it here establish its correlation with that foma
rion. A rather large fauna, including gastropods, ostracods, 
trilobites, and a few brachiopods, has been collected from the 
Beekmantown limestone in adjacent areas and these are listed 
in the Mercersburg-Chambersburg folio, No. 170. They prove 
the approximate identi~y of this,fon:n.a.tion with the Beekman
town-of New York. 

lIIA..RTINSlJUBG SHALB. 

Oharacter and d~utio7i.-The' Martinsburg shale occurs 
only in a narrow area one-fourth mile wide along the eastern 
foot of North Mountain. As exposed in the roads and fields 
it is a soft buff sandy shale,· in places fissile but generally 
breaking to small blocky fragments. Its th~ckness can not 
here be determined, because it is bounded by a fault on the 
va.lley side and is probably itself more or lees squeezed out and 
faulted. In th~ adjacent Mercersburg quadrangle, where it 
has a thickness of about 2000 feet, the lower part of the for
mation is a black fissile 8hale with hard black. calcareous 
layers at the base. The upper portion is sandy and calca
reous, with locally hard siliCeous beds, and grades upward into 
ferruginous sandstones referred to the Juniat.a formation. 

Oorrelation.-No foseils have been found in the Martins-· 
burg shale in the Haneock quadrangle, but at Martinsburg,· 
tbe type locality, a few miles eastward, and in the adjac~nt 
Mercersburg quadrangle a graptolite and trilobite fauna includ-. 
ing Oorynoides calyeularis, Glyptograptm sp. nov., (Jlimado
graptus spinifer, O. of. hughesi, Trinueleus eorwentricUsf, a.nd 
Triarthrus heeki was obtained from the basal beds. The same _ 
graptolite zone was observed just south of the quadrangle on the 
east side of North Mountain. In the sandy beds in the upper 
part of the formation occur Dulmanella muUisecta, Plectam"honites 
iiYriceus, Zygospira. modesta var., and Calymene ca1licephalus. 

According to enrich, these fossils determine the lower part 
of the formation to be equivalent to the Trenton of the New 

- York section, and the upper part to correspond with the Utica 
and the Lorraine of the N ew York section. • 

aka:raeter and distrihution.-The Juniata formation is a 
series of soft red sandstones and shalee between the sandy beds 
at the top of the Martinsburg and the hard quartzose Sandstone 
of the Tuscarora. 'l3ecause of its close association with the 
ha.rd Tuscarora it generally occupies the steep slopes of moun
taina. Its only known ontcrops in the area are on the east 
slope of North Mountain in the southeast corner of the·Han
cock quadrangle and in some of the deeper gorges on the 
western slope of Cacapon Mountain in the Pawpaw quadrangle. 
On Cacapon Mountain it is concealed by the sandstone debris 
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the Clinton formation. Prouty,'1 who recently studied the 
fauna and stratigraphy of the mid..silurian strata of Maryland, 
included in the Niagara not only the beds containing the 
Rochester fauna but the overlying beds here named the 
McKenzie, which contain a fauna distinct from the nochester 
but with some similar fOrlDs, principally small ostracods. 

The crystalline limestone containing the Rochester. fauna 
was not found in the eastern part of the Pawpaw-Hancock area 
and apparently thins out in that direction. There a massive 
ferruginous sandatone, the rock that caps Keefer Mountain, 
occurs at the top, and it is possible that these siliceous iron
bearing rocks represent the beds containing the Rochester 
fauna in the west and indicate near-shore and probably land 
conditions. 

The general lithologic character and ,tratigraphic position 
of the formation as well as the faunal contents are the same as 
those of the Clinton of east-central New York, where an iron
bearing shale and sand,tone directly overlying the Medin" 
sandstone have in their upper portion calcareous beds contain
ing the Rochester fauna. . The Dame Clinton is therefore 
applied to this formation. This. name has also been used in 
the reports of the Maryland and Pennsylvania Geological Sur
veys, although calcareous beds at the top of the formation or 
at the base of the overlying McKenzie formation were sepa
rated as: Niagara. 

In the Franklin and Monterey folios the same belt of strata. 
as it occurs 70 to 80 miles to the southwest is described. 
There the Tuscarora sandstone is overlain by about 300 feet 
of :8.aggy red sandstone, called the Cacapon sa.ndstone. This 
is overlain in turn by 400 to 500 feet of iron-bearing fossilif
erous shale with 80me intercalated limestone beds, capped by 
a persistent hard ridge-making sandstone or quartzite. The 
assemblage above the Cacapon is called the Rockwood forma
tion, the description of which corresponds closely with that 
of the Clinton in this area, except that the capping quartzite 
mem1,>er may prove to be the sandstone which in western 
Maryland sections underlies the beds carrying the Rochester 
fauna and not the Keefer sandstone, which is DOW made 
the basal member of the succeeding McKenzie formation. The 
Cacapon sand,tone i, probably a local sandy deposit at the 
base of the Clinton not represented in the Pawpaw-Hancock 

Ill'eI!-

Character and thiohne88. - The Cayuga group, composed 
chiefly of limestones and shales, lies between the Clinton shale 
and the Helderberg limestone .. Soft shales apparently comprise 
the bulkoof the stmta, but limestones are an important element, 
and In places are of C9mmercial value as cement _rock. The 
limestones are especially conspicuous in the upper' part of ilie 
group, and form massive outcrops in fresh stream exposures 
that are not very readily distinguishable from the more massive 
limestones of the Helderberg. A heavy white sandstone near 
the middle of the gl-oup is locally important, and a tough, 
thick-bedded red argillaceous sandstone is present in the lower 
shales throughout both quadrangles. A quartzitic sandstor;te 
forms the base. This group has been divided into the follow
ing formations and memberS, which will be described in detail~ 
They are arranged in the order of their deposition. 

Tonoloway limestone. 
Will, Creek shale. 

, Bloomsburg red sandstone member. 
McKenzie fonnation. 

Keefer sandstone member. 
The best section of the Qayuga. group in the area -jg along 

the Baltimore & Ohio Railroad track ea,t of Graeehopper Run, 
where the following section was measured by E. O. Ulrich 
and the writer: . 

8ecUon of Oagv,ga group at Baltimore &- Ohio Railroad cut etl8t of (}raall
hopper.Run, W. Va. 

Crystalline, erfnoidal, maesfve, and lamellar limestones 
(Helderberg). 

Tonoloway limestone, 400 feet,: 
Finely lamellar limestone interbedded with ahaie 

... In. 

Finely lamellar limestone wea.thering shaly ____ -". 85 
Bbalyllmeaton6, more shaJ.y below___________ 58 
Ms.lIrlva thinly la.mellar Iiwestone, fine grained, 

slightJy argilIaceous. Thiok coral reef of &1'0-
Inatopora and thin s9amsof cryBtalline limestone 
filled with OIItracodB, sma.ll brachiopods, and 
TentarmUtes gyrar:anthUII near base. Three of 
the ostracoda are diagnostic of this zone but are 
undescribed species _________________ . ______ .____ 148 

Magnesian limestone .~ __________________________ _ 
Masslve laminated limestone: TentaouUteB (J1I1'a-

canthus andla.rge LepertMtia___________________ 60 
'Very-thin bedded limestQne interbedded with thin 

shales_ _ ___ ____ _ ___ ____ __ _ _____ _____ ___ __ _ ___ ___ _ 14 

Mauive and thinly laminated lime.stone&, .orne 
a.renaBeOUa. Contains oBtraoods and shells
Hormotoma (lmall species), RhynchoneUa' 
lamsllata, R. Utc1l/le'ldensU', R.. hllMaUUea', 
and LsperdiUa altoUea________________________ 39 

Wills Creek llbale, 4415 feet: 
Greenish sandstone, fI.De grained, in thiek: aad 

tbJnpla.tes ____________________________________ _ 

"Prouty, Wm. F., The Mew-Silurian deposits of Maryland: Am. Jour. 
Sm., -!th Ilel'., voL 26, 11108, pp. 568-6'74. 
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MalJl!ive laminated magnesian limestone, weatber
ing thin bedded, with &rgiJ1aoeous beds weather
ing yellow. Flne ooUte with Lepsrditia near 
the base ___________________ ~__________ 45 

Greenish shale and shaly limestone with thicker 
limestone beds in middle and at base. stroma
topora aud ostracode at bue. Klotdenel14 
clarkei a.nd Leperditi.a alta' ___________________ 50 

Shale and shaly Umeatone________________________ 60 
Greenish impure calCllteOUS sandstone with some 

roullded quartz grains _______ ~ ______________ _ 

Bh&ly Jlmestone and limy shale with thin sandy 
beds ______________________________ ~_____________ 15 

Crumbly greenish shale with very thin &aIldy 
layers cont.aining LepeTd1Ua. Pmpltsh ehaJe 
and sandstone at bIlBEL_________________________ 100 

Crumbly greenish shale and ea.ndstone containing 
easts of salt crysta.ls. Leperditia, and a amaIl 
Spir1,fer________________________________________ 11> 

Red eandstone____________________________________ 1 
Gray shale with casts of salt erystRls sud Leper

ditia, some red shale, and a few thicker lime· 
stone bede.___ _________________ 80 

Red sandy shale and yellow ~haJe 16 
Bloomsburg red sandstone member, 52 feet: 

Massive bedded, jointed red sandstone ____ 10 
Hackly jointed red sa.ndy sbale_______________ 7 
Red jointed sandstone________________________ ·5 
Alternating red shale a.nd sand8tdne__________ 80 

McK~zie fOl'mation, 170 feet: 
Blue shale with a few thin limestonE's eontainiog 

KloedeneUa __ ________ ________ ________ 25 

Gray snborystalline limestone crowded with 
Kloedenel.la and rhynchonelloid shelliL. _______ 85 

Covered (m. near-by section seen to have da.rk 
shale near base and thin eonglomeratic fOSldJ.if· 
erOOl!lllmestone beds above) __________ __________ 70 

Keefer mndstone member: 
White quart.zitic sand.stone with 8coUthus 

tubes, and interbedded hard. black. shale 
containing eurypterids ___________ 40 

Total Cayuga group ___ _ 1015 
Clinton shale: 

FoSlliliferous drab shale. 

Along the Baltimore & Ohio Railroad at Potomac, Md., 
west of Cumberland, the Cayuga ~oup. as recently measured 
by illrich, is 1383 feet thick, the McKenzie formation 330 
feet, Wille Qreek shale 447 feet; s-nd Tonoloway limestone 606 
feet. The di,vieion line between the Tonoloway and Wills 
Creek is somewhat arbitrary, as the finely lamellar limestones 
that appear shaly at the surface may be massive in fresh expo
sure. It is placed 84 feet above a 2-foot bed of sandstone 
in the Potomac section, while in the Grasshopper Run section it 
is 162 feet above a similar 4-foot sandstone. The rocks at 
Potomac, however, appear to be more calcareous and the lime
stones to be more massively bedded, and the greater measured 
thickness of limestone is probably due to this fact. 

Character and thicRm.ess.-The McKenzie formation is the 
alternating· series of shale and thin limestone, formerly regarded 
by some g~logists as Niagara, with a basal white quartzite mem
ber named Keefer, directly overlying the Clinton. Although 
the formation appears in most outcrops to be composed chiefty 
of shale, the alternation with the shale of thin limestone beds 
is exceptionally well shown in the fresh cut of the Western 
Maryland Jlailway oppo,ite Great Cacepon. (See Pl. XII.) 
The section here, although the beds are closely folded and the . 
basal member of the formation is not exposed, is approxi
mately as f?llows: 

Section 0/ McKenzie formation, Western Maryland Raihoall cut oppolJite 
Great Cacapon, W Va. . 

Blocky red sandstone (Bloomsburg member of Wills 
Creek shale). 

Shale, red at top, green below______________________ 10 
Green to yellow and red shale, soft and weathers to flne 

frag-roe-nta; somewhat Cl'llmplecL__________ 80± 
Contorted interbedded olive to drab fis~He shale and beds 

1 to 2 inches thick of fossiliferous gray subcryetalline 
limestone. Limestones thicker and more numerous in 
lower portion___________________________________________ 70± 

White sandstone, Keefer member (not eJr:poaed here)_____ 40 

OOO± 

Near the mouth of Grasshopper Run, where the structure liJ 
a simple monocline, a thickness of 170 feet was determined, 
but a large portion of the section was not well enough exposed 
for the determination of details. 

Section of McKenzie formation, mouth of f11-asBhopper Run, W. Va. 

Red sandstone (Bloomsburg member of Wille Creek shale). 
Chiefly olive to bluish clay shale, with few thin limeBtones_ 25 
Largely thin fOMill:ferous gray to blue subcryei;alline lime· 

atone beds with oUve flssUe alay sha.l;e ___ +________________ 85 
Largelyconeea.Ied.; dark to black eh&le near base and thin 

&l&bby conglomera.t:ialimeetone composed of minute fOl!llils 
toward the top~___________ _______ __~_ '70 

Keefer 8&Dwtone member, composed of two hard sandstone 
bed.II with thin hard blaek llhaJ.e between ___ ____________ 40 

170 

Small outcrops of the fosailiferous limest()ne of the formation 
are not uncommon, but in general it is Dot seen because 
the shale of the formation slumps down and covers it and 
the limestone when weathered closely reB<)mblea the ,hale. 
The greenish to gray fieaile shale and yellow clayey shale are 
not unlike that of the Wille Creek. 
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The limits of the formation are invariably r welI defined in 
the Pawpaw-Hancock area by the Keefer sandstone member at 
the \:lase and above by the red jointed sandstone and argillite 
(Bloom,burg member) of Ihe overlying formation. 

The Keefer sandstone member, composed of two sandstones 
separaled by blaek ,hale, is excellently exposed at Warren 
Point, the south end of Keefer Mountain, where the lo-wer 
sandstone is 15 feet thick, the upper 2li feet and very maS8ive 
at I the top, with 15 feet of shale, chiefly covered, between, 
making 55 feet for the thickness of the member. The "nd
stone is composed of white quartz and is both mass,ive and 
thin-bedded. The bedding surfaces, which are usually st~ined 
red or rusty, are rough and pitted with numerous worm or 
&alilk"" tubes, which have short leogth aero .. Ihe bedding. 

At Lock. 53 on the canal, 6 miles above Hancock, a new 
road cut has freshly exposed the Keefer member and the 
following detailed section was measured: 
Section of Keefer sandstone member at Lock 53, CheBGpeake & Ohio 

Oanal,Md. 

Boft gray to yellow shale, overlying the sandstone. Feet. 
Hard white to gray sandstone, thiek bedded above, thin 

bedded to shaly below ______________ ._______ 14 
Bard bla.ck llf!8ile shale________ ______________ 1 

Hard sandstone with rough snria.oes, stained yellow Rnd red 10 
Hard black shale, sandy at top and pitted by rust-stained 

worm tubea; contains abnndant fragments or a euryp-
terid closely allied to Hu,ghmUl6ria 80ciaUs _____________ _ 

Irregular bedded sandstone ________________ ~ __________ • ____ _ 

Drab to pink shale with thin sandy beds at top (Clinton.) -
88 

Iu the Cumberland area to the west the Keefer sandstone 
member is not recognizable at the base of the formation, and 
the limestone and shales of the Clinton pass into those of "bhe 
Cayuga without marked lithologic break, a faunal change only 
being observed. 

Distribution and surface fOTm.-The McKenzie forma.tion 
occurs as a narrow strip surrounding the anticlinal areas of 
Clinton shale, and the Keefer sandstone member at its base is a 
still narrower band on its inner margin. The Keefer sand
stone member, owing to ita resistant character, is the most 
prominent feature of the formation, and is readily :recognized 
throllgbo.ut the area because it usually forms low hills with 
rocky ledges of soft shale in smooth lowlands. Some of the 
ledges have a dikelike appearance. (See PI. V.) 

Near the southern border of the Pawpaw quadrangle on the 
west side of the Cacapon Mounta.in anticline, where the dips 
are steep, its closeness to the Tuscarora sandstone makes 
its outcrops inconspicuous. Northward, toward Rock Ford, 
minor folds carry it farther from the mountain, and its hard 
sandstone beds make rocky fluted ledges in the stream gorges 
and its isolated synclinal remnants cap sharp ridgMo The 
plications are too numerous to be shown in complete form on 
the scale of the map, but the intricacy of the folding is 
suggested by the flutings of the Keefer member that are 
shown. The formation f-allows a rather straight course to 
Great Cacapon. ,It crosses the Potomac but appears .only in 
crumpled outcrop beneath a gentle arch of the .Bloomsburg red 
sandstone member in the 'river bluff. 'After swinging bQ.ck. 
to the Weat Virginia side around 8 low fluted syncline i~ again 
continues its northward course in a wider belt of soft rocks 
fringed by the hard sandstone bed. 

The fluting of the thin Keefer sandstone member is best 
illustrated in this part of the' area. On the harrow neck of 
land between the parallel courses of Great Cacapon River at 
the big bend where the power plant is located the bottoms of 
three sharp synclines of the Keef~r sandstone are barely pre- _ 
served. These synclines descend northward, forming rocky 
ledges on the banks of the stream, and at Fluted Rocks present 
a very picturesque and instructive series of minor foldS.. (See 
Pis. X, XI, and XIV.) 

At the north end of the Cacapon Mountain an~cliue two 
narrow prongs of the Keefer sandstone extend into Maryland 
at the canal level. South of the ri. ver it rises with the slope 
and cape the prominent knob just east of Roundtop. Farther 
south on the east limb of the anticline its dik.elike outcrops 
form the ridge east of Sir' Johns Run station, which termi
nates at the Sir Johns Run road in picturesque ledges locally 
known as the "Devils Nose." South of this point the Keefer 
sandstone does not ma.ke ridges or prominent ledges until 
near the southern border of the quadrangle, where the rocks 
dip more gently and pl'oduc~ a series of hogback ridges, called 
Piney Ridge, which tlank Cacapon Mountain. 

North ward along this same general antielinal foIl! in the 
valley of Tonoloway Creek, 2 miles west of Hancock, Md., the 
ma.ssive ledges of the Keefer sandstone member are exposed by 
.erosion in a small area, just enough to make a marked rocky 
island over which the road abruptly climbs in the midst of a 
wide lowland. The area of the McKenzie formation that 
surrounds this small outcrop of quartzite rons north in.to 
Pennsylvania 1, miles, and unusually good exposures of 
both the shale and limestone of the formation occur along 
the small· branch of the Tonoloway. 

In the narrow belts of the formation encircling Dickeys 
Mountain and' on the west slope of Cove Mountain in the 
no~theast corner of the quadrangle the shale and limestone of 



the formation are largely covered by detrital material from the 
sandstones above. The Keefer sandstone member, however, is 
very prominent and somewhat thicker than toward the. west. 
It makes rocky ledges on the flanks of Keefer Hnd Dickeys 
mountains, and at Warren Point the plunging fluted beds 
descend to the creek level and form low rock arches on the 
south bank of the stream. It produces a broken line of hills 
where the gently dipping formation swings east around the 
south end of Cove Mountain. 

The McKenzie formation was not observed on North Moun
tain, for it is cut out by faulting, the Oriskany on the west 
being in contact with the Clinton and Tuscarora on the east. 

Correlation.-The thin limestones in the McKenzie forma
tion are quite fossiliferous, although the number of species 
obtained from them is usually small. Farther west, in the 
vicinity of Cnmberland, fossils are somewhat more varied and 
better preserved. A notable feature of the fauna is the total 
absence of species of Leperditia, which appear immediately in 
the overlying Wills Creek. Ulrich has identified the following 
fossils collected at Grasshopper Run and in Tonoloway Valley: 

Sma.ll ostracods (Kloedenia n. sp., several species of KloedeneUa, Il,nd 
Belf1iahia moodeyi), a rhynchonelloid b1"achiopod (related to Uncinulu8 
mutabilis), and Bythotrephis cf. grar;iUs. 

A more complete collection by Ulrich and the writer from 
the Western Maryland Railway cut opposite Great Cacapon 
furnished the following: 

Daimanella. posteiegantuia. 
Trematospira D. sp. (near'r. camura and T. perforata). 
Whitlieldella D. sp. (near W. nitida). 
Spirifer n. sp. (near S. sulcatus). 
Spiriferof. eriensis. 
Rhyncbonella formosa. 
RhyncboDella cf. vellicatll,. 
Rhynchouella n. sp. (very finely pHcated). 
Uncinulus cf. pyramldatus. 
Ctenodonta n. sp. 
Cleidophorns cf. Nncula ~innosa Simpson. 
Prothyrls n. sp. and other pelecypods. 
Coleolus sp. uudet. 
Othoceras, 2 spedes uDdet. 
Heydchia moodeyi. 
Kloedenia of. sussexellsis. 
Two undescribed species of Kloedenella and prenuntial varie 

ties of K. peuusylvani(la, K. turgida, and K. clarkei. 

Except the short Scolithu8 tubes, fossils are very rare in the 
Keefer sandstone member. At only one place in the area, 
Lock No. 53, on the Chesapeake & Ohio Canal, at the western 
edge of the Hancock quadrangle, were any other organic 
remains found. Here the black shale in the midst of the 
member is fin~ly exposed in a road cut recently made at the 
crQssing of the Western Maryland Railway, and from it were 
obtained fragments of a enrypterid crustacean determined by 
Ulrich as closely allied to Hughmilleria socialM. 

These faunas are referred by Ulrich to the Salina formation 
of the Cayuga group of New York. The Hughmillm'ia from 
the Keefer member is much like Hughmilleria socialif1, which 
occurs in the Pittsford shale of the reports on west-central New 
York. It is closely allied alBo to Hughmiller'w' shawangunk 
found in the thick Shawangunk conglomerate of southeastern 
New York, also generally regarded as of Salina age, which 
suggests that they may represent the same horizon, but it can 
not be positively asserted that the Keefer is the southwestward 
feather edge of the thick Shawangunk, for they have not been 
traced into one another. It is known, however, that the Keefer, 
which is absent farther west, attains a thickness of more than 
50 feet in the eastern part of tlle Hancoct' quadrangle and 
continues with equal prominence throughout the Mercersburg 
quadrangle, to the northeast. 

The fossiliferous limestone of the McKenzie formation over
lying the recognized Clinton has heretofore been regarded by 
many geologists as the representative of the Rochester shale 
and Lockport limestone of New York, and the name Niagara 
has therefore been applied to it. As previously explained, 
the characteristic Rochester fauna has been found in this area 
in only a few feet of limestone beneath the Keefer sandstone, 
and the inclusion of the McKenzie strata in the Niagara was 
due to their calcareous character and stratigraphic position, to 
the fact that the fauna somewhat· resembles the Rochester 
fauna, and to the confusion of the Keefer member with a 
lower sandstone of the Clinton beneath the bed containing the 
Rochester fauna in the Cumberland area. 

The formation may be correlated approximately with the 
lower part of the Salina formation of the Cayuga group of New 
York. Since it is not the equivalent of any previously recog
nized formational unit, a new name has been given to it, taken 
from McKenzie station on the Baltimore & Ohio Railroad west 
of Cumberland, where the formation is well exposed. The 
Keefer sandstone member is named from Keefer Mountain in 
the Hancock guadrangle, at the south end of which along 
Licking Creek the sandstones are finely exposed. The forma
tion has been observed and identified by Ulrich by its fossils 
and stratigraphic position as far north as central Pennsylvania. 

Oharacter and thicknes8. - The middle formation of the 
Cayuga group is chiefly a gray calcareous papery shale with 
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thin, finely laminated limestones in the upper part and a 
heavy bed of tough argillaceous red sandstone at the base. 
The latter is distinguished us the Bloomsburg red sandstone 
member. 

The section of the Cayuga group on the Baltimore & Ohio 
Railroad east of Grasshopper Run given above presents the 
details of the formation in general and shows its thickness in 
this region to be 446 feet. 

The Bloomsburg sandstone member varies in thickness and 
eharacter from place to place. It is exeellently exposed in 
the'Vest.ern Maryland Railway cut p.ast of Tonoloway Ridge, 
where the following details are shown: 

Seotion of Bloomsburg red handstone member, w.",stern Maryland Railway 
cut east of 1'o1IOW11Jay Ridge. 

Compact argillite or mud rock, green to gray in color, in 
part finely laminated. 

G-r<'en and red massive-bedded argillite; weathers crumbly 
and shaly ____________________________________________ . ___ 40 

Bloomsburg red sandstone member, 80 feet: 
Jointed argillaceous Bll,ndstone, red and green banded 

and lllottled_____ __________________________ 20 

Jointed red argillaceous sandstone in massive beds__ 20 
Red and yellow shalc ____ "__________ 8 

Jointed ul"gillaceous auudstone, chipfly 1"00, weathering 
to blocks ________________________________________ 15 

Argillite, red aud sandy above, green to bluish below__ 22 
Drab Nbale with thin fossiliferous limestone (McKenzie). 

The red argillites at the base are regarded as transition beds 
of the Bloomsburg member because they resemble the beds of 
that member more than they do t.hose of the underlying 
McKenzie shale. The red and green argillite above the sand
stone has one bed Witll peculiar knotty segregations which are 
joined to the surface of the bed by diagonal markings like 
filled channels, the whole resembling bUlTows. (See PI. 
XVIIL) 

The Bloomsburg red sandstone member is so tough and 
resistant that its outcrops are a conspicuous feature throughout 
the area, and notwithstanding its thinness it has been sepa
rately mapped. In Tonoloway Valley 2 miles west of Han
cock it has been quarried in large slabs for foundation stones. 

Above the Bloomsburg member the formation is chiefly light
drab shale, calcareous, firm, and platy in fresh exposure, but 
soft and clayey where ·weathered. It is from certain of these 
thin calcareous-argillaceous beds that nat.ural cement has been 
made at Roundtop, Md., and elsewhere in the WEstern part of 
the State. The section of the cemfmt beds at the Roundtop 
Cement Co.'s openings shown in figure 5 was measured by 
G. C. Martin. Most of the cement beds are beautifully marked 

intervals, due to intricate folding, and these areas, as repre
sent.ed on the map, include small masses of shales of both the 
Wills Creek and McKenzie formations that are elosely infolded 
and are not dist.inguishable on the scale of the maps. 

This formation is similar to the McKenzie formation in that 
its soft shales and limestones are rarely exposed, bnt the out
crop of the formation is conspicuous because of the features 
produced by the sandstone member. The sandstone caps small 
hills, and although it. does not make rocky ledges its outcrops 
are genemlly barren and stony because it does not disintegrate 
readily and its soils are infert.ile. On the west side of Cacapon 
Mountain its barren red ledges are especially conspicuous on 
Cedar Hill near Harland Ford and along the road north of 
Rock Ford. On the banks of the Potomac opposite Great 
Cacapon it forms a conspicuous broad arch that can be seen 
from passing trains, and makes an area of hiDs and rough 
barren country northeast in Maryland to the point where it 
pitches under at the edge of the Pawpaw quadrangle. A 
better-exposed arch composed of this sandstone, classic in text
books on geology, is at the old cement works at the east base 
of Roundtop. (See PI. XVII.) 

The belt of Wills Creek shale expands northward, inclosing 
the synclinal area forming Roundtop and exposing the basal 
red sandstone member again around tile center of uplift on 
Tonoloway Creek. The close folding or fluting of the beds is 
well shown by the arches and troughs of the sandstone along 
Tonoloway Creek and the Baltimore pike, and produces a 
relatively broad area of wooded stony land ,"vith rough topog
raphyat the fluted plunging ends and on the western side of 
this anticline. In this broad area of soft, easily eroded Wills 
Creek shale, the white sandstone bed of the formation, which is 
here strongly developed, makes rocky ridges and knobs. The 
roads paralleling the east slope of Tonoloway Ridge follow its 
outcrop for the most part. 

The Bloomsburg red sandstone member does not show con
spicuously in the strajght narrow belt of Wills Creek shale on 
the eastern side of Cacapon 1\Iountain, but its plunging folds 
make rough country again around the north end of this uplift 
southwest of Hancock. 

Near the Dickeys Mountain anticline the Wills Creek shale 
displays the usual characteristics. The barren outcrops of the 
red sandstone at the base form low hills and conspicuous 
monocliualledges on the south side of Licking Creek, and the 
soft shales and limestones produce gentle slopes and rolling 
country. 'fhe formation is faulted out at the n<?rth on the 
slopes of Cove Mountain, but attains unnsual width at the 

FIGURE 5.-Section of cemen,t rook and associated beds of the Wills Creek formation along the Chesapeake & Ohio Canal at 
Roundtop station, Md. Measured by G. C. Martin. 

The cement rook ill the layer in which tho tunnels are located. 

by sun craeks and fine ripple marks (PI. XVI); others contain 
clay pebbles and show mud flows, various trails, and curious 
markings on their surfaces. Pseudomorphs of salt crystals 
were a lso found in these shales at several places. 

A thin hard white sandstone occurs near the top of the 
formation throughout the Hancock quadrangle, although it 
was not observed in the Pawpaw quadrangle. Tn both Mary
land and Pennsylvania just west of Hancock it forms a line of 
hills covered with blocky white sandstone fmgments from t.he 
slopes of Roundtop to t.he northern edge of the quadrangle, 
winding in conformity with the structure and repeated by 
folding. A similar hard sandstone occurs in the eastern por
tion of the quadrangle, the beds being particularly thick and 
resistant in tile vicinit.y of Pecktonville and in the Ferrel Ridge 
anticline. In the latter area a 20-foot layer of soft brown 
sandstone~ probably calcareous when fresh, is overlain by 7 
feet of har'd sandstone, the lower part of which is pure white 
and quartzitic. Above this lies a 5-foot layer of soft, yellowish 
sandstone with flat clay pebbles, which in turn is overlain by 
red and yellow sandy shale with soft yellow sandstone beds. 

The limestones of the formation in general contain mag
nesium and other impurities and have the composition of water 
limes, which are capable of being bnrned into natural cement 
and have been used for this purpose. 

The top of the formation, in clear-cut sections like that at 
Grasshopper Run, is placed at a platy sandstone below which 
,the beds are distinctly more shaly than those above. It is 162 
feet above the hard white sandstone previously described. The 
upper sandstone is not generally noticeable on the surface 
where the rocks are weathered, and in mapping the line is 
·drawn where limestone outcrops practically cease and shale 
predominates. 

Distribldion and surface jorm.-The Wills Creek shale 
occupies probably a larger area in these quadrangles than any 
of the formations previously described. On both sides of 
Cacapon Mountain it forms a narrow belt fringed with the still 
narrower strip of the Bloomsburg red sandstone member. The 
latter, especially on the west, expands to eonsiderable width at 

point of the southward-plunging anticline where the dips are 
very gentle to the south. The basal red beds are not so sandy 
and resistant as elsewhere in the quadrangle, but make a low 
ridge of sterile red sandy soil. The hard white sandstone bed 
in the midst of the formation makes a decidedly hilly tract 
north of Lanes Run. The beds dip to the south and west 
in common with the outward slope of the ridge, making the 
roads that descend it steep and rocky. 

In the Ferrel Ridge anticline the Wills Creek shale occupies 
nearly all the area within the inclosing ridges. The low sand
stone hills forming the center of the nplift are composed of 
the white sandstone of the formation with red and yellow shale 
and softer sandstone on the flanks. A faulted arm of the 
anticline makes a secondary ridge southwest of Tomahawk on 
which the ledges of blocky sandstone stand above the surfa.ce. 
The shale occupies thc lowland next to the outer. ridges and 
the interior valley. On North Mountain the Wills Creek shale 
is not known to occur and is probably faulted out. 

Correlation.-Fossils are not plcntiful in the Wills Creek 
shale of this area, but those that do occur arc conclusive as to 
age. The red and green sandstone and mud rocks at the base 
are barren of fossil remains and their general charaet~r resem
bles the barren red gypsiferous shale of the Salina of New York. 
The pseudomorphs of salt crystals here also indicate somewhat 
similar conditions of sedimentation to the salt beds of that 
formation. The calcareous shale and thin limestone beds COll

tain chiefly ostracods--':'Lepm'ditia alta, Leperd,i,tia sp. unclet., 
1(loedenella cf. clarkei and undescribed species of Primitia, 
Ulrichia, and Kloedenia-and a few undetermined pelecypods. 
Ulrich states that" so far as knDwn the fauna of the Wills 
Creek is intermediate in character between that of the under
lying McKenzie and the overlying Tonoloway, the presence of 
species of Leperditia suggesting the latter formation while some 
of the smaller ostracods are closely allied. to species abundantly 
preserved in the McKenzie; No exactly corresponding marine 
fauna is known in America, and eurypterids have not been 
found in the Wills Creek. Nevertheless this formation is 
assigned to the age of the Salina ofN ew York on the assumption 



that it represents shallow marine conditions prevailing in the 
Appalachian Valley region while more confined saltpan condi
tions existed in western New York." 

In the recent Maryland· Snrvey reports the term Salina has 
been used for this and the, next overlying formation, and in 
earlier reports of the Maryland Survey and of the United 
States Geological Survey for adjacent areas they were included 
with all associated limestones under the heading Lewistown 
limestone. In the Pennsylvania Survey report on Fulton and 
Bedford counties about 150 feet of red shale and sandstone 
were provisionally referred to the Salina, but were combined 
with the Clinton and Niagara of that report under the title 
Formation No. V. A fine-grained gritty red sandstone about 
20 feet thick, mentioned as forming Red or Rocky Ridge in 
Bedford County, is undoubtedly the same as the basal member 
of the formation mapped in the Pawpa'w and Hancock quad
rangles. In later State reports I. C. White gave the name 
Bloomsburg red shale to sandy red shale and sandstone at this 
horizon. In Huntiugdon County these beds were reported to 
be 270 feet thick and farther north, near the center of the 
State, 400 feet thick. Although the red sandstone i8 much 
thinner in Maryland, it is believed to be the same lithologic 
~ember as that described by White, and the name Bloomsburg 
red sandstone member is employed in this report. 

The name Wills Creek for this middle shale formation of 
the Cayuga group is selected because the formation is well 
exposed on the banks of Wills Creek in Cumberland, Md., 
where the cement beds have been quarried and burned for 
cement. Uhler(l, had previously applied the name rather 
indefinitely to the rocks outcropping at tbis place. 

Character and thickness.-The Tonoloway limestone is the 
upper calcareous portion of the Cayuga group. It is composed 
throughout of finely laminated, fine-grained limest{)ne, light
gray to dove in color with shaly beds alternating with harder 
and more massive layers. Where freshly exposed the forma
tion appears massive, but in the ordinary outcrops beds of 
platy to shaly limestones are only occasionally seen. The 
minutely lamellar character, which is brought out finely by 
weathering, is very chara.cteristic of the formation. The sur
faces of some of the beds are finely ripple-marked, checkered 
by sun cracks, and marked by mud flows, rain prints, and 
various trails. Other surfaces are very rough and have a black 
carbonaceous coating. and in some of the lower beds show 
local deep basins and rounded domes that on close examina
tion prove to be large forms of Cryptozoon. The top of the 
formation, which is in general somewhat more shaly than the 
lower part, is placed at the base of more massive-bedded lime
stones, generally darker gray or blue and less platy and shaly 
than those below, that weather to a nodular or "cobbly" 
appearance and are more fossiliferous than the underlying 
formation. The lower limit of the formation is arbitrarily 
placed at a thin sandstone, below which the beds appear more 
shaly in the fresh section and on weathering form soft shales 
at the surface. -

The detailed section of the Cayuga group at Grasshopper 
Run in the Hancock quadrangle shows the formation to be 
400 feet thick. At Potomac, Md., west of Cumberland, it 
measured 606 feet and the beds appear more massive in the 
freshly cut section, indicating a thickening of the~calcareous 
strata ,to the west. As previously stated, the base of the for
mation at Potomac is placed lower with respect to a certain 
sandstone bed than it is to a similar bed in the Grasshopper 
Run section, but the identity of these two sandstone beds is 
not established. The boundary, moreover, is a lithologic line 
and not strictly stratigraphic. 

Dutribl£tion and surface form.-The distribution of the 
Tonoloway limestone is similar to that of the next succeeding 
formation. It occurs as a narrow band on the lower slope of 
the Helderberg-Oriskany ridges and in adjacent parallel val
leys, and, as it contains no hard siliceous beds, it forms gentle 
slopes with rich deep soil that:if!. generally cultivated. 

Beginning on the west, the Tonoloway limestone occupies 
much of the bottom land of Cacapon River from Ziler Ford to 
Rock Ford. In the stream cliffs ,about Ziler Ford the massi ve 
character of the beds in fresh exposure is well shown. North 
of Rock Ford it forms the' lower eastern slope of Tonoloway 
Ridge, both south of the Potomac and north to the edge of the 
quadrangle. In the local syncline of Roundtop ),Iountain it 
forms an eloll/2:ated area surrounding the higher formations.in 
the center of the basin and several thin flat-lying remnants 
on the hills to the northeast. 

On the east side of the Cacapon Mountain anticline the 
Tonoloway limestone forms the lower western slope of Warm 
Spring Ridge to the Potomac. North of the river it spreads 
out in the gentle folds west of Cove R.idge and forms wide 
fertile limestone valleys. It is exposed again on the inner slopcs 
of Elbow Ridge, on the flanks of Dickeys Mountain anticline, 
and on the inner slopes of the elliptical line of ridges termi-

"Uhler, P. R., Trans. Maryland Acad. Sci., vol. 2, 1905, pp. 19-26. 
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mtting at the north in Ferrel Ridge. Its western band in the 
latter area is yery naITOW because of the steepness of the dip, 
but the eastern band is much wider and is indented by the 
stream gorges. A fault also exposes a band of the fonnation 
diagonally across the uplift. 

The Tonoloway limestone is not seen in the North Moun
tain uplift, as it is faulted out there, but in the region west of 
Cove Mountain it is. extensively exposed below the Helderberg 
outcrops, -usually at the base of slopes and in stream valleys. 

Correlation.-Ulrich has furnished the following lists of 
fossils and a statement of their correlation: 

As a whole. the Tonoloway limestone of this region is very sparIngly 
fo~siliferolli!. Some layers, however, are crowded with organic remains. 
while bere and there a Slromatopora reef may be eneountered. Such a reef 
was noted 280 feet beneath the top of the formation in the Grasshopper Run 
~eetion. The fossils usually seen are ostracods, species of Leperditia. 
Kloedenia, and Kloedenella being especially abundant. Locally the ostra
eods are a.ssociated with numerOl1li! 'l'entaeulites gyracanthus, while several 
sUlall brachiopods and a few slender branching Bryozoa occur more rarely. 
F.'u·tb~r west., between Cumberland, Md., and Keyser, W. Va., where the 
beds are better exposed and have been more (~arefully searched, a larger 
fauna has been found. There, as in the vicinity of Hancock, the respective 
faunas of the lower and upper portions are largely distintlt. This will be 
apparent from the following two partial lists of species: 

Pariiallist of fossils from the lower pot·tion of the Tonoloway limestone. 

Stromatopora sp. undet. 
Favosites globuliformis. 
Fistuliporella, thinly lamellose 

species. 
Cyphotrypa, new lamellate 

species. 
Orthopora n. sp. (cf. O. regu-

laris). 
Schuchertella bydraulica var. 
1ileristella bella? 
Whitfleldella nucleolata. 
Rhynchospira globosa. 
Rhynehonella litcbfi .. ldensis. 
Rhynehonella hydraulica? 
Rhynehonella? lamellata. 

Hormotoma sp. undet. (resem-
bles H. gracilis). 

Tentaculites gyracanthus. 
Calymene camerata. 
Leperditia alta. 
Leperditia altoides (?) 
Beyrichia n. sp. (resembles 

Entomis fiabellif{)r and E. 
ohlonga). 

Kloedenia n. sp. 
Bollia (1 Halliella) 1L sp. (reticu-

lated surface. loop obsolete). 
Kloedenella clarkei. 
Kloedenella halli. 
Kloedenella (? Tet,radella) cf. 

bieroglyphica (Krause). 

.Fossils f1'om the Uppe1' 50 feet of the Tonoloway limestone. 

Stropheodonta bipartita. 
Spirifer eorallinel18is. 
Spirifer eriensis. 
Tentaculites gyracanthus. 
Kloedenia cf. nearpassi. 
Kloedenla sussexensis val". 
Halliella? cf. seminulum. 

Primitia humilis ? 
Kloedenella clarkei. 
Kloedenella (1 Tetradella) hier-

oglyphica. 
Octonaria n. sp. 
Bythoeypri~ cl. concinna. 

Comparison of these faunas with the New York section leaves litt.Ie 
doubt concerning the late ClI.yllga age of the format,ioll. Most of the 
diagnostic species above listed occnr in the Schoharie Valley sections in 
New York between the base of the (Johieskill and the top of the "Tentac· 
ulite," or typical Manlius. limestone. A considerable part of these ~pecies. 
it is true. passes upward in the Maryland sections into the Helderberg lime
stone. Noting their presence in the latter but disregarding the composUion 
of t.he 'fonoloway fauna, especially of its lower beds whose fossils are most 
like the Cobleskill, geologists who have studied the sections in the Potomac 
Valley have generally drawn the base of the formation which they corre· 
latcd with the Cobleskill and Manlhts rocks above the top of the Tonolo· 
way. Recent tleld studies seem to establish that the typical Manlius lime· 
stone of ~ew York is older than the base of the rocks here referred to the 
Helderberg limestone. The }(anlius and Cobleskill therefore seem to he 
in general correlatable with the Tonoloway, a.Ithough the fauna indicates 
that Tonoloway sedimentation in Maryland in part preceded that of the 
Mamius and Cobleskill in New York. 

From the above discussion it is evident that the Tonolo
way limestone does not agree exactly with any named forma
tional unit in New York. The Bossardville limestone of 
central a";d northeastern Pennsylvania may correspond to the 
upper part of the formation, but it is thought by Ulrich more 
likely to he somewhat younger. Under the circumstances the 
new name Tonoloway is proposed, from Tonoloway Riq.ge in 
the Pawpaw and Hancock quadrangles, the lower slopes of 
which are composed of the formation and furnish a good 
exposure of it in the stream cliff west of Rock Ford. 

DEVONIAN SYSTEM. 

Under Deyonian system in this folio are described the 
Helderberg limeRtone, the Oriskany sandstone, the Romney 
shale, the ,J cnnin~ formation, and the Catskill forination. 
Heret{)fOll"f in the United States Geological Survey reports the 
Helderberg has been regarded as Silurian, but it is now the 
consensus of opinion that it properly belongs in the Devonian, 
and the formation will henceforth be so treated. The Romney 
shale comprises repr.esentatives of the Marcellus shale, the 
Hamilton formation and' the Onondaga limestone of New 
York, while the ,Jennings is the equivalent of the Genesee, 
Portage, and Chemung formations. The Catskill, as in central 
New York, js an estuarine or fresh-water facies of the upper 
part of the Chemung, and as such is a distinct lithologic 
formation. 

Character and thickne88.-The Helderberg in general is a 
series of thick-bedded dark-blne limestones and shaly limestones 
with numerous cherts in its upper part, lying between the 
more shaly limestone of the Tonoloway below awl the siliceolls 
Oriskany above. In this area it is readily distinguished from 
the Tonoloway by its more massive and generally crystalline 
character, darker color, more numerous fossils, and especially 
its tendency to become nqdular or cobbly upon weathering 
instead of platy and finely lamellar. Good complete sections in 
this area are rare. Probably the best section is that along the 

• 

Western Maryland Railway opposite Great Cacapon, which 
was measured by Ulri(':h and the writer as follows: 

Section of Helde1'be1'U limestonf-, Weste1'n Maryland Railway cut opposite 
G-:eat Cacapon, W. Va. 

Yellow shale with chert cont,aining lower Oriskany 
fossils. 

Ft. In. 

27. Residual clay after limestone filled with white blocky 
(',hert, with numerous fossils of New Scotland type_ 12 

26. Hard blne-gray mottled and fine blrulk-specked lime
stone, full of fossil fragments (fauna perhaps 
Coeymans)__ ______ _ __ ________________ 8 6 

25. Somewhat lamellar limestone with argillaceous and 
pll1'6r fossiliferous subcry~talline banrls" __ 

24. Coarsely cobbly to irregular lamellar impure lime
stone, with purer fossiliferous bands. Bryozoa and 
Brachiopoda abundant. especially in a crlnoidal 
layer at the top_____ 26 

23. Very shaly, platy limeswne full of Tentaculites and 
other fossils __ 

22. Shaly cobbly limestone. solid when fresh _ 
21. Very shaly cobbly limestone, with rnn.ny feneswllids 

and other Bryozoa. 2 6 
20. Dark gray·blue limestone. coarsely cobblyand fossil· 

iferous in lower part_. _ 10 
19. Cobbly Jilllf'stone with surface full of Bryozoa and 

Teutaeulites __ 
18. Cobhly limestone containing shells and reef of Strom-

atopol'a ____________ ,, ______ ., ____________ _ 
17. Coal'l'lely cobbly argillaceolls Jimestone _______ _ 
16. Cobbly limestone; numerous fossils in middle__ 14 
Hi. Rather shaly ('.obbly lilnestone; shells abundant_ 12 
14. Massive cobbly limestone __ 4 
18. More shaly limestone, breaking into irregular laminlll_ 6 
12. Single layer finely cobbly limestone; fossils less 

abundant; bagal Pllrt bored by worm tubes ___ 24 
11. ::;:omewhat clayey. finely cobblylimestone; poor fossils 2 8 
10. Slabby crinoidallillle~tone._ 1 
9. Finely cobbly limestone. massive whf'n fresh, but 

breaks up on weatherin!l: into irregular piect's and 
eobble, ElmaU reef of Stromatopora and Favosite.~ 
near top and a thicker one near base__ _ 21 

8. Subcrystalline limest.one banded with thin clayey 
seams. Contains fossil fragments_. 

7. Suberystalline limest.one irregularly bedded with 
thin elayey seams and containing lIu-ge crinoid 
columns __ 

6. Thick·hedded subcryfltalJine limestone __ 
5. Finely cobbly limest.one with some Fhvosit~s, maS8ive 

Bryozoa, and rhynchonelloid shells 6 6 
4. Thin slabby and shaly JilIle~tone, argillite in part, not 

very fossiliferous exc.ept It. seam with Ostracoda ___ _ 
3. Very massive finely cobbly limestone, breaking int{) 

hackly cobbles. Fossils scattf'red; lower 10 feet 
full or Rhynchonella litnhjleldensis and Rhyn· 
clwspil'a ylolJoaa__ 70 

2. Very massive finely lamellar and shaly limestone. 
Numerous Choflrtes .!e1·seyensis___ 16 6 

1. Cry~talline limestone. slightly conglomeratic, with 
claY(lY limestone pebbles__ 1 6 

Shaly limest.one of the Tonoloway, poorly exposed. --
282 2 

Fairly. good sections occur in the gaps in the ridges of 
Ori&kany sandstone around the Ferrel Ridge anticline, and 
the following detailed section was measured at Tomahawk: 

Section uf Helderberg limestone, Tomahawk, W. Va. 

Compact gray subcrystalline limestone with interbedded 
black flint: contains Oriskany sbells. 

Lal'gely concealed. Some dark, fine·grained limestone 
beds exposed. Contains Becraft. fauna, __ 

Calcareous sandstone with shale below __ 
Thick-bedded massive limestone, with large Spi1'/:fer 

mar:rQpleura and numerous shells of New Scotland 
falllla __ 

Banded light-gray calcareous sandstone_ 
Thick-bedded coarse limestone, with wavy parting, 

weathering cobbly and containing Bryozoa and shells 
of Coeymans type __ 

Largely concealed. Shalc at base. dense limestone above, 
and loose fragments of a 2·foot bed of coarse sand· 
stone 20 feet below the top ____________ _ 

Chiefiy cobbly limestone with some thin· bedded and 
shaly limestones __ 

Shale with 6-inch bed of black chert __ 
Massive coarse gramdl\.f limestone with Fa'Dosites __ 
MaRsive cobply limestone with numerous Favosite.~ in 

lower part ________________________________ _ 
Dark siliceous limestone ________ , __ 
Crystalline. rough bedded limestone, coarse grained 

above, with FaVOljitfs and crinoid stems 
Finely lalninated barren drab limestone with darker 

limestone at contact (pro1;Jably 'l'ono!oway). 
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16 

ll80± 

On Licking Creek, one-fourth mile west of the bridge near 
Warren Point, in the Hancock quadmngle, the upper 162 feet 
of' the section is well exposed and ,,,as carefully measured by 
R. B. Rowe. The total thickness of thc formation there is 
estimated to be about 350 feet. The partial section as 
measured by Rowe is as follows: 

Partial ser:tiort of Heldel'berg limestone on Licking Creek., nea?' Wa1Ten 
Point, Md. 

F08.!!iliferous sandstolile (base of Oriskany). 
Light-gray limesf,one free from ~hert, containing numerous 

brachiopods of Beeraft fauna ___ 2[; 
Light-gray limestone with numerous bands of black chert___ 20 
Pure light-gray fossiliferol18 limestone, little cherL_ 25 
Mostly black chel·t in nOdular layers. with some limestone 

near top _ 17 
Covered _ 40? 
Light-gray fossiliferous limestone with numerous lay .. rs of 

white chert at bottom and black chert at. top. New 
Scotland fauna _~ 25 

Light-gray, almost quartzitic sandstone locally forming 
rocky ridges; weathers to eO=8e, porous, gritfy sand· 
stone marked by large crinoid columns 10 

Covered. Fragments containing (}ypidnla cf. coeymans· 
erMis. 

Magsive gray limestones eontaining Gypidllla galeata and 
other fossils of the CoeymHl18 fauna. 



Marked differences are observed in the detailed sections. 
In the western part of the area, typified by the Great Cacapon 
section, the formation is composed chiefly of thick-bedded 
fossiliferous limestone, most of which weathers nodular, and a 
subordinate amount of shale or shaly limestone containing 
chert Ileal' the top. This same general sequence is observed 
also in the Cumberland area farther west, where the total 
thickness is somewhat greater than at Great Cacapon. East
ward a heavy calcareous sandstone is found locally near the 
base of the shaly beds containing the chert, the top of the for
mation in the western sections, and a thick series of limestones 
with a little chert is developed above this sandstone. The 
thickness correspondingly'iIlCreases from 280 feet to nhout 380 
feet. The sandstone, which is calcareous and quartzitic when 
fresh, weathers to a coarse-grained porous rock marked by 
molds of fossils, in particular large columns of crinoids. Its 
outcrop forms ridges in places, of which Elbow Ridge is the 
most prominent, and large ledges of the rock occur on the 
crest of Moore Knob. The low hills north of Moore Knob 
also have large blocks of the sandstone and numerous frag
ments of chert on their surfa.ces. Beyond this restricted area 
the sandstone is not a ridge maker but is seen in rock 
exposures and in weathered fragments to the south. Usually 
it can 'be readily recognized by its porous character, da.rk 
rusty color, and large molds of crinoid columns. This sand
stone was seen as fur south as, the southern border of the 
quadrangle on the road from Tomahawk to Jones's Spring. 
The sandstones recorded in the upper part and near the mid
dle of the formation in the Tomahawk section are peculiar to 
this vicinity and snggest nearness to the eastern shore of the 
ancient sea._ 

Besides numerous shells in the limestones of this formation, 
corals and similar fossils occur in great numbeN and in places 
form large Sb'01nafopo1'a and FaVo8ites reefs. Some of the dark 
coralline beels ha ve a fetid odor when struck. The thicker beds 
are quarried for building stone in places, chiefly around Han
cock, where they are also locally burned for field lime. In the 
western outskirts of Hancock a weH-bedded, rough-smfnced, 
dark slabby limestone is quarried for flagging and building 
stone. On Cove Ridge, 2t miles north of Hancock, a thiek 
bed of very pure even-grained drab limestone, which 'would 
undoubtedly make an excellent grade of lime, is quarried for 
foundation stones. The formation yields the most fruitful 
soil in the area, but since it usually forms the slopes of the 
adjacent sandstone ridges the soil is filled with chert and 
sandstone fmgments_ 

DufribuUon and 8urface form.-The Helderberg I,imestone 
outcrops in narrow bands on opposite sides of the Cacapon 
anticline, aronnd the southern end of Dickeys Mountain 
anticline, on the west and south sides of Cove Mountain 
monocline, and encircling the Ferrel Ridge anticline. In all 
oecurrences it occupies. the inner slope of Oriskany ridges, 
that is, the side toward the [lxis of the anticlinal fold. 

The upper part of the steep eastern slope of Tonoloway 
Ridge is composed of this formation, forming a relatively 
straight narrow band entirely aeross the quadrangles. Its 
exposures .are largely covered by chert from its upper beds and 
sandstone from the overlying Oriskany. A remnant of the 
limestone is preserved in the subsidiary Ronndtop syncline 
on the surface of the Cacapon anticlinal fold, southwest of 
Hancock. A similar narrow band of the limestone forms the 
upper western slope of ,"V arm Spring Ridge, the highly fos
siliferous cbert at the top of the formation outcropping near 
the crest of t.he ridge. North of the l)otomac the formation 
continues to outcrop on the upper western slopes of Cove 
Ridge to t.he border of the quadrangle, where it. is offset 
into the valley by a fault and caps a low hill. The narrow 
strip of Helderberg on the sides of the Dickeys Mountain 
anticline flares out into a wide curved belt at the sonthern 
end under the influence of low dips. A calcareous sandstone 
of the formation here thickens locally to a heavy' ridge
making bed and forms the crest of Elbow Ridge, while the 
Oriskany becomes calcareous !lnd forms the onter slopes of the 
ridge, 

East of Coon Ridge the Helderberg occupies a relatively 
broad anticlinal area -bounded by nearly parallel faults which 
c6ilverge northward and cut out the formation. The sandstone 
bed in the formation forms rocky ledges on the upper slopes 
of M06re Knob beneath the capping of the Oriskany and at a 
few places along the belt of Helderberg to the north. South 
of Lanes Run the Helderberg· area swings sharply to the east 
along the steep northern slope of the Oriskany sandstone ridge 
about Indian Springs. Although not so shown on the map 
it extends across the river west of Cherry Run. 

The inner westward slope of Ferrel Ridge and of the two 
lines of disconnected sandstone ridges running south from its 
curved ends to the limit of the quadrangle are composed of 
Helderberg limestone_ The western strip is very narrow and 
straight because of the steep dips, but on the eastern side ,low 
dips and accessory folding and faulting produce a wider and 
more irregular strip. On North Mountain the Helderberg is 
faulted out. 

.. 
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Faun~' zones.-A systematic collection and study of the 
fauna of the Helderberg from this and adjacent areas has not 
been completed, but the following provisional lists of fossils 
and notes on the faunal zones of the Helderberg arc con
tributed by Ulrich. 

Tn the Potomac Va.lley, between North Mountain on the east and Keyl!er, 
W. on the W(-lst, the Helderbel"g formation IJresents four broadly eon-
eeived zones. The three llpper mneR-those containing the Coey-
manl!, N IlW 8cotland, and BecraIt faunaS-Me well known as formations of 
the Heldcrberg group in New York and New Jers!;IY. The lowest faunal 
zone is the mOst. persist-eItt ,and also the most important zone of the forma 
t.ion as developlld in aI·eas near the Potomac in West Virginia, Maryland, 
and southern Pennsylvania. This zone is excellently exposed hoth in fresh 
quarryeuts and in well.thered outcrops at Keyser, W. Va. It is partly 
represented in New York by certain beds which have hitherto been errone
ously identified ·Witll the" Tenta,culite" or Manlius limestone, but no appro· 
priate name has been. applicd t.o it. 

At no single localit.y arc all t.hese four zones fully developed and at most 
places one or another is entirely absent. The lower third or so of t,he 
lowest zone at Keyser seems altogether V:anting east. of Hancock, while the 
Be(~raft fauna i~ unknown west of that t{)wu. The Coeymans fauna. though 
generally recognizahle, is irregular in its occurrenM and possibly -io('ally 
abscnt. It may be ab~ent, for instance. in the Great Cacapon section, 
t,hough it is. probably represented in the 8i-foot bed near the t.op (bed 26 in 
the seetion). The New Scotland fauna is perhaps everywhere present, but 
the zone cont.aining it ,aries greatly in thiekne.<;ls, At Great Cacapon, where 
t.ho zone forms t.he top of the fOITllatiOIl, it is but 12 feet thick; at Toma
hawk and near 'Varren Point, in t:ue eastern part of the area, the zone is 
60 to 90 feet thick: between Cumherland and Keyser its thickness varies 
between 25 and 65 feet. As has been st.ated tho lowor zone at Keyser alBo 
varies from pla('e to place, but RO far as known in lIIa.ryland it.s thickness 
seem8 nevor tD fall under 100 foot. At. Tomahawk aLout HiO feet of bods are 
refeJ'l'ed t.o it, at Great. Cacapon 2{12 feet, at the Devils Backbono, near 
Cumberland, abont 280 feet, and in the Keyser quarries abollt 290 feet. 
Finally, it l:ihould be stated that. no beds woro observed in Maryland corre
spouding to the Port F.wen linlestone, the uppermost formation of the 
Helderberg group 1n Kow York. 

Although each of tbe three upper umo~ is practically indivisible on faunal 
grounds, the relatively thick zone at the base Df the formation may be 
divided into at least three subzones. 'l'hese are easily dist.inguished by 
fossils confined to the several subdivisions or by diagnostic a,ssocill..tions of 
species. The lowest of these subzones is commonly abseut, but is well devel, 
oped in the vicinity of Hanco('k and Great Caeapon, where it comprises 
heds t t.o 4. aggregatln~ about 92 feet of limest.one. To the west it is well 
exposed at the base of the Helderberg in the railroad out at Powmac, Md., 
and in the quarry at 'V, Va. A fauna. including Cyph(JtT]IPa. 

Schw.:heTtelia Chonetes ierseyellsis, .";pirifer 
eriensis, litchjteldensis, and Lepenlitia gigantea, or any 
four of these species, may be confident.ly ac(~epted as indicating this subzone. 

The second of these suhwnes, though b.-enerally present, varies greatly in 
t,hickness. At Potomac only its uppermust parl wnO! reeognir,ed, but at 
other localities het.ween Hancock and Keyser lower beds are intercalated 
which bring the tot,al tlJickne~s of the subzone from 50 feet up to nearly 100 
feot. 'l'he top consist.s of a very per8istent. and usually massive hed that. is 
recognizcd at once, espeCially 'in tho sections west of the Hancock quad· 
rangle, by the abundant vaJves of a f,Illil.}1 varioty of GlIPid1i.la galeata that 
it. eontain~. The lower beds also contain widely recognizable fossil horizons. 
One of tbell8lies from 30 to fiO feet beneath the Gypir1nla. bed and ill notable 
for Its abundant remains of numerous cyst.ids and crinoids th·at have been 
seen only in this part of the section. 1'hough highly fo!!siIifcl'"OUS chiefly to 
thE! west. of Cllmherland the cystld bed bas been noted t.o tbo east also as far 
as Hancock. Cam.aroel'inttl1 stellatus is confined to a layer between the 
cyst.id and beds. In th.e vicinit.y of Grent· CMapon a small Stro-
matopora reef holds a similar position a.nd helps in locating 
the lllorc important ad,iacent fossil borizons. 

Although more subzones were indicated in the field it seems inadvisable in 
the present stat·e of our knowledge to attempt a further subdivision of the 
remainder of tht! zone. Howove1', there are at lea~t three and probably 
four fossil hori7.0nll a.bove the Gypidula bed t.hat may be said to be generally 
recoh"llizable. The lowo8t. of the~e Jies direcUy above t.he Gypidula bed and 
is usually a shaly lilllest.one containing ma.ny Bryozoa of which a ~pecies of 
PetalotTypa iR the best. for purposeR of identifying the ber!. Large specimens 
of Chonet(J.~ JeJ".qeyensis. t.hough unknown in the underlying subzone, :u.-e not 
infrequently found in this bed. The corresponding horizon in the Great. 
CMapon section waA not positively recognized, but it is thought to belong 
between the base of hed 13 a.n.d t.he t{)P of bed 16. 

is everywhere succeeded by a more or less well devel
reof which usually forms a single massive ledge. Over 

is It widely distinguishable horizon, in places shaly, that 
contains such diagnostic fossils as Reachia n. sp., RensselaeTia 

HOw'aMU",,, .. Hnd a new va,riety of Spirifer VU1Wwemi. A late mutat.ion 
{fyraIJanthus oc.cUYI! very plentifully and as it seems to 

be confincd t.o this bed and the genns is rMe or absent in the other snbzones, 
it is of eonaiderable value in correlating the beds of the Helderberg lime· 
stone in Maryland. Locally this Tentaculites bed includes or is followed by 
another Stromaiop01'a bed. 

Finally, a Rtill higher hed, containing few fossils e")(cept a late form of 
Leperrlitia appears in the vieinity of Cumherland and at Keyser. 
This bcd has be(\n recognized in the Great Caeapon section, in whicll, 
moreovor, the ,!-'pper part of the zone-the bedR above the main St1·oma
toporu reef-is thinner than in the more westem sections mentioned. In 
view of these facts it seems probable tha.t shallowing and part.ial witbdrawul 
of the sea took place before the moro extensive withdrawals and t.emporary 
laud conditions indicat.e.d by phyHieal (lriteria at the end of the lower faunal 
zone and again at the end of the wne oontaining t.he Coeymal18 fauna. 
Compari~on8 with formatIons in New York and New Jersey are appeuded 

to each of the following list.s of partially ideutified fossils collected from the 
faunal zones 6f· t.he Helderberg limestone in Maryland. The species thought 
to he diagnostic of the respective zones are distinguished by au asterisk. 

Lowest fau.na in the Helderberg limestone, pro(J1u'cd chiefly from beds 
1 to J 01 the section opposite Gf'eat Cacapon. 

Diphyphyllmn integumentum. 
*Cyphotrypa n. sp. 
Trematopora ap. undet. 
Pholidops ovat-a. ~ 
St.ropheodonta bipartita. 
*Schuchertella, deckerenSis. 
""Chonetes jerseyensis. 
Spirifer vanuxemi. 
Spirifer eriensis. 
wrntfieldella nucleolata. 
Rhynchospira globosa. 

Rhynchonella f01'mosa. 
Rhynchonella. litchfleldensis. 
Rhynchonella? lamellata. 
Uncinulus mntabilis. 
Tentaculit.es gyracanthus. 
Leperditia altoides. 
*Leperditia giga.ntea. 
*Beyrichia n. sp. 
Kloedenia b=retti. 
Kloedenia sussexensls. 
Kloedenella clarkei. 

This fauna is regarded as indicating the time of the lower and middle 
beds of the Decker limestone in the Delaware Valley in north western New 
Jersey and northeastern PennsylVIl.nia. J..ocally, as at Potomac. Md., a 
higher coral zonc is developed' that is thought to corrf'spond to the upper 
(".oral-bearing beds of the Decker limeHtone ru! described by Weller in New 
Jersey. This UPP61· subdivision is marked by Cladopora rectilineata, the 
slender branching cOl"alla of whieh occur in great abundance at Potomac. 
It is of sufficient· interest to repeat here that the coral zone at this locality is 
followed almost immediately by the (}lIpidula bed, 

Second fauna Helderbe1·g lime.~tone, represented in beds 5 to 25 of 
'hc,,,t,i,",PP'''''' Gl·e(~t Cacapoll. 

Stromatopora. sp. undet. 
Favosites holderhergire. 
Favosit.ell helderbergire prrece-

dens. 
*Striatopora ~p. undet.. 
Cladopora reetilineata. 
*OIadopora multiseriata. 
*Aulopora schoharim. 
"'Aulopora n. sp, (very slender). 
*Vermipora d. serpllloides. 
DiphyphyllurIl integumentum. 
""Pri~matophynum sp. undet. 
*17 eylltids of the genera Pseu 

docrinitt!s, Sphrerocystttes, 
.Trekelocystis, Tetracystis, and 
Lepocrinus. 

"".'; or 6 genom of crinoids. 
*Numerous Bryozoa, most of 

thelu undescribed and char· 
:wtoristie of this zone, repre
~enting the followi~ genera: 
Ceramopora, Pistuliporella, 
Eridot.rypa, Cyphotrypa, Lio 
clema, Stromatotrypa, Peta-
10trYpa, Fenestella, SeIUicos· 
cinium, Orthopora. 

Pholidops ovata. 
Dalmanella eoneinlla. 
Rbipidomella oblata va.r. emar-

ginata. 
U Deinulus pyra.midat.us. 
Uncinulus nucleolatus. 
"" Gypidula galeata var. 
* Mytilarca sp. undet. 
* ArnphiC<lllia ? n. sp. 
*Grammysia n. sp. 

Conu\aria pyramidalis. 
T'lutaculites gyr:wanthus var. 
Dalmanclla. cf. postelegant.ula. 
*Orthostrophia cf. strophomen-

oide~. 

Strophonella geniculata 
SehucherteHa. deformis. 
*Schucherlella cf. woolworth· 

""Chonetes jerseyelll!is. 
Lept.rena rhomboidalis. 
*Spirifer vanuxerui vat. 
Spirifer octoc()status. 
Spirrrer modestus. 
*Merista typa. 
Meristellalrevis. 
""Meristella cf. areuata, 
*Nucleospira cf. elegans. 
Rhyncbospira globosa. 
Atrypa roticuiaris var. 
*RC'nsRelaeria mutabilis var. 
*Beachia n. sp. 
Rhynchonella formosa. 
RhyncboueUa litchficldel18is 1 
Rhynchonella transversa? 
Rhynchonella? lamellata. 
Leperditia altoides. 
Kloedenia ktl.mmeli. 
*Beyrichia II. sp. 
Kloedcnella clarkei. 
Kloodenella pennsylvanica. 
Klocdenella turgida. 
Kloedenella hieroglyphica? 
*Octon:u.-ia n. sp. 
Calymene camerata. 

More than lOu species from this subzone are contained in the collections 
of t.he ~ational Museum.; and over two· thirds of these are strietIy diag
nostic. Taken as a whole the fauna is decidedly Helderbergian, most of the 
brMhiopod~, for instance, paRsing int.o the zones of tbe typical Coeymans 
and New Scotland faunas with so little change in character that it is 
difficult and often impracticable to di~tinguish them. On the ot.her hand, 
most of the ('.orals and oRtracods, the t.rilobite, and a few of the brachiopods 
are more closely related to the preeeding fauna and t.he Tonoloway fauna. 
This rolat.ion, together with the fact that the IMger part of the fauna is 
('onfined to the lowest of the four Helderber~ian zones recognized in Mary
land, ~tron.gly suggests an older stage of the Helderberg group t.han is known 
or recognized in New York; and the t.ruth of this suggestion is established 
by the occurrence of a t.ypical Cocymans falIna abovo this lowest zone in 
Maryland. That. this fauna is not the equivalent of the Cobleskill and 
Manlius faunas of New Yurk, Il.~ has been supposed heretofore, is proved 
not only by it.s strong- Helderbergian aspect but more positively by t.he 
pre~enee in the lowcr Tonoloway. some 300 to 600 feet beneath the Helder· 
berg in Maryland, of It fauna that agrees more closely with the typi(lal 
Cobleskill and Manlius faunas. 

Coeymans fauna from the Pawpaw-Hancock and adiaeent areas. 

Orthopora regularis. 
Rhipidomella oblata. 
Leptrena rhomboidalis OMge 

var.). 
Strophonella punctulifera. 
SchucherteHa woolworthana. 
""Gypidllia (Sieboralla) galea.ta 

(t.ypical form). 

Spirifer cyclopterus. 
Meristella lrevis. 
Anoplotheca concava. 
Atrypa reticnlaris. 
Undnulus nucleolata. 
Uncinulus mutabiUs. 

Neither tho Coeymans fauna nor the beds of tlilll zone are as well devel
oped in t.his region as in t,he Helderberg Mountains of New York. Gypidula 
galealll, which lllayalmost always be found after a. few minutes search, is 
the principal guide fossil. Although a. smaller variety of the species is 
widely distrihuted in the underlying zone, the typical form of the species 
and the zone of wWch it is diagnostic (Ian be at once distinguished by ita 
a~sociated fos~lls. A number of species, like Spirifel· cyr:lopteTUI1, Stropho
nella punct·ulifern, and Rchuchertella woolwQ1·thana, Me unknown beneath 
hed~ containing the Coeymans fauna; henee, the presence of any of these 
with G!lpidula galea.ta lnay, according to present information, be regarded 
as positive evidence of t.he typieal Coeymans fauna. 

New Sl}otlandfannafrom the Pawpaw-Hancock and adjacent areas. 

CoralR. 
*Edriocrinus poeilliformis. 
*Monotrypa (Ptychonema) tabu· 

lat.um. 
*Dalmanella emineus. 
*Dahnanella perelegmu!. 
Dalmanella plauiconvexa. 
Rhipidomella ohlata .. 
Lept,rena rhoIllhoidalis. 
""St.ropheodonta becki. 
""St.rophonolla he~leyana. 
Stroplioneila punctulifera. 
*St.rophonella eavumbona. 
Schuchertella woolworthana. 
Spirifer eyclopterus. 
""Rpirifer macropleura. 
Spirifer perlamelloslliI. 
Spirifer concinnus (?). 
Mcristella subquadrata. 
Meristella arcuata.. 

I *Trematospira deweyi. 
""Trematospira equistriata. 
""Trematospira multistriata. 
Nucleo~pira elegans. 
Nucleospira ventricosa. 
Atrypa reticulata. 
* Atrypina. imbricata.. 
Anoplotheea. concava. 
Anoplothefla flabellit.es. 
*Camarotcechia altiplicata. 
Uneinulus mutabBis. 
U ncinulus vellicatu8. 
Eatonia medialis. 
Eatonia poouliaris. 
Eatonia singnla.ri.3. 
Rcnsselaeria. mutabills. 
""Platyceras spirale, 
Platyceras gebhardtL 
Platyceras bisinuatuIU. 
*Phacops logani. 

In Maryland, as in New York, the zone of the New Scotland fauna is the 
most fossiliferous zone of the Helderberg. Though there are many other 
forms, .and most of them characteristic of the zono, it is only the brachio
pods that are very common, Fortlluately thero are enough of the latter 
that are either st.rictly confined to the New Scot.land fau.na or occur only 
rarely olltside of it tv render the identification of the zone exceptionally 
easy. Almost any of the species marked with the asterisk (*) may be relied 
on, and it is a poor outcrop indeed that does not quickly yield several of 
these. The cherty beds are especially prolific. 

Becraft fauna from the Pawpaw-HancocTc and adjacent areas. 

C"ania sp. nndet. 
balrnanella planiconvexa.. 
*RhipidomeHa assimilis. 
Schuchertella woolworthana. 
*Spirifer (loncinnus. 
Spirifer cyclopterns. 
*Cyrtina rostrata. 
Meristella lata (1). 
Meril;tella arcuata.. 
NucleOBpira eleganB. 
Atrypa. retioulariB. 
Anoplotheoa flabellitea. 

Anoplotheca concava. 
*Gypidnla pseudogaleata. 
Rhynchonella eminens. 
Rhynchotreta (~) n. sp. 
Plethorhyneha campbellana 
Eawnia medialis. 
Eat.onia pe!luliariB. 
*Rensselaeria requiradiata. 
RenllBelaeria r:e.quiradiata var. 
*Rensselaeria subglobosa. 
*Phanerot.rema labrosa. 



Most· of the species in this list were collected by Charles Schuchert in the 
vicinity of Cherry Run, in beds which are incorrectly included with the 
Oriskany on the geologic map. A few Me added from collections made by 
R. B. Rowe, of the Maryland Geological Survey, from a light-gray limestone 
near the top of the zone near W ru-ren Point, Pa. As usual, the greater part 
of the fauna is made up of spedes found abundantly also in the ~ew 
Scotland. fauna. However, the absence of such species as Spiri!er maN'V

ple1.wll and S. perlamellosn aud the presence of such diagnostic forms as 
RhipidomeUa assimilis, Spiriler eoneinnus, Cyrtina rostrata, Gypidula 
pseudogaleata, and Rensselaeria wquiradiata in beds overlying a fully 
and typically developed New Scotland fauna pIlUle!:! the correlation of t.he 
upper beds of the formation in the vicinity of Tomahawk, Cherry Run, and 
Wru-ren Point with the Becraft limestQne of New York beyond all reason
able dQubt. 

Correlation.-The presence in this region of a representative 
of the Helderberg group of New York has long been known, 
but in earlier reports of the United States Geological Survey 
and of the Maryland Survey it was not differentiated as a 
separate formation but was included with the underlying cal
careous formations under the name Lewistown. In 1901, 
Prosser,a reporting the results of studies made by him and 
his associates for the Maryland Geological Survey, later 
embodied in the State report/' recognized in the Maryland 
rocks the various faunal divisions of the Helderberg of New 
York. In the Pennsylvania State reports this limestone was 
early ca.lled the Lower Helderberg limestone, or Formation 
No. VI, and was later generally referred to as the Lewistown 
limestone, which embraced all the massive limestones beneath 
the Oriskany, including at the base a pure limestone in places 
di~tinguished as the Bossardville. 

Character and th1:ckness.-The Oriskany sandstone, a con
spicuous ridge-making quartzose formation overlying the lime
stones just described, is variable in composition in this area, 
but is in general a pure white to gray calcareolls sandstone, 
with a minor amount of quartz conglomerate. Calcareous 
matter predominates in places, especially in the east€rn areas, 
and forms a limestone that is burned for field lime; elsewhere, 
particularly in the western part of the area on Tonoloway and 
Warm Spring ridges, the sandstone is entirely free from lime 
at the surface, anci is quarried for glass sand. A fine quartz 
pebble conglomerate is usually present at or near the top. In 
the eastern areas of the Pawpaw and Hancock quadrangles 
and farther west in the Flintstone quadrangle the pebbles are 
clean, well-rounded milk-white quartz of about one-fourth 
inch diameter, but in the vicinity of Hancock the conglomerate 
is an impure angular grit. 

The Oriskany of Tonoloway Ridge is for the most part very 
massive, forming a nearly vertical wall of rock along the crest 
of the ridge, especially sout.h of the Potomac. At the base, 
however, are thin shaly beds. The following section was 
measured along the Western Maryland Railway opposite Great 
Cacapon. 

Seetion of Oriskany sandstone opposite Great Oaeapon. 

Black shale (Romney). 
Soft, porous, brown fossiliferous sand~tone, some beds a 

fine dark vit.reous quart7. conglQmerate. Very fossilif-
erouslayer at the base _________________________________ 40 

Massive beds, 10 to 20 feet thick, of white fossiliferous 
quartzose sandstone __________ . _ . ______________________ 85 

Softer, thinner· bedded, fossiliferous sandstone, weathering 
yellowish __ 90 

HaJ'd quartzitic sandstone ___ ~____________ ____________ _ __ 2 
Soft, thin-bedded yellowish sandstone, few foSBils__ 45 
Covered. Soft sandstone debris ________________________ ~ ___ 140 
Yellow, probably calcareous, foSBiliferous shale with much 

chert, containing Oriskany fossils ____ . " _________________ ~ 11') 
Crystalline dark limestone containing Helderberg fossila. 

417 

The portion of the formation exposed on the south bank of 
the river is a very thin hard quartzitic ledge. Whether the 
formation was originally thinner at this point, whether it was 
partly squeezed out by intense folding, or whether the thin
ness is only apparent, due to the removal by erosion of the 
softer beds, could not be ascertained. 

. Throughout the Warm Sprinf!? Ridge the formation is com
posed of massive pure-white quartz sandstone, but being rather 
loosely cemented it is not so resistant and does not form so 
high a. ridge as Tonoloway Ridge. Near the southern margin 
of the Pawpaw quadrangle a partia.l section was measured at 
Rock Gap as follows: 

Section of Oriskany sandstone at Rock (/-ap. 
Shale lQwland (Romney). 
Very rua.ssive beds, I') to 10 feet thick, of hard white to 
graysand~tone _ _ ________________ 40 

Soft bl'Qwn sandstone__ 51 
Concealed ______ .. ___________ .. _. ____________ . _____________ 80 

Soft gray sandstone with rust-stained s1ll'faC-e, disinte-
grating 00 white sand _________________ _ 

Covered; some soft sandsoone and chert. 

""'+ 
Near the Potomac the Oriskany of this ridge is mined for 

glass sand, and the workable beds are well exposed in a num
ber of open quarries. About 130 feet of rock is quarried at 
the northernmost pit, the Pennsylyania Glass Sand CO.'s mine, 
near Lovers Leap. The upper 20 feet is a hard quartzose 
layer, not suitable for the best grade of glass sand, but about 

aPros~r, C. S., Jour. Geology, Vol. 9,1901, p:416. 
b Maryland G-eoI. Survey. vol. 6, 1906, pp. 138-134. 

Pawpaw-Han(lock. 
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100 feet of rock below is pure white quarry rock, except where 
it is stained at. the surface or along joint cracks. One 6-foot 
bed near the top is soft and clayey, bnt the quartz is pure 
white. The quarry. rock is generally even grained and is suffi
ciently friable at the' bottom of the quarry, 120 feet in depth, 
to be worked with pick, sledge, and shovel. This crumbly 
character apparently results from the leaching of the calcareous 
cement of the unaltered rock by percolating meteoric waters. 
At the base of the workable beds is a 20-foot layer of harder 
rock which can not be quarried profitably. The total thickness 
of the formation here is about 150 feet. 

The sandstone thins rapidly north of the Pennsylva.nia 
mine, and entirely disappea.rs within one-fourth mile of the 
end of' the ridge, where the Romney shale and Helderberg 
limestone occur within a few feet of each other. In the rail
road cut at. the point of the ridge are exposed about 40 to 50 
feet of white and black banded sandstone and fine conglomerate 
of a.ngular black quartz pebbles in a dirty sand matrix between 
the overlying black Romney shale and underlying Helderberg 
limcstonc. ~ orth of the river, at the sand quarry back of 
Hancock, there are about. 90 feet of coarse hrown sandstone 
with the same fine conglomerate of angular black pebbles in 
impure sand matrix at the top. This local thinning is regarded 
by some geologists as due to overlap or unconformity, but as 
the top of the Helderberg is also absent at these points and the 
rocks a.re so' closely compr~sed, the thinning of the formations 
is more probably due to faulting. 

The following section of the Oriskany one-fourth mile east 
of the bridge near Warren Point was measured by R. B. Rowe. 

Seetion of Oriskany sandstone near Warren Point. 

Black and gray arenaceous and argillaceous shale with thin 
basal eonglomerate (Romney). 

__ 

Coarse milk"whiw qU/I.rtz conglomerate__ 1i 
Blue arenaceous limestone with band!! of fine conglomerate 

or grit at the top__ _ ____________________ 12 
Covered _ 10 
Light-gray massive al'enaceous limestone__ 8 
Covered _ 
Massive dark·gray limestone, with conglomerate bands at 

top _ .. _ 10 
Covered _____________________________________________ _ 
Conglomeratic dark-gray limesrone with fine pebbles and 

coarse sandstone __ 

521 

Whether or not this is the full thi~kness of the Oriskany in 
this portion of the area the formation is evidently thinner here 
than in most plact's in the quadrangle, and it is so calcareous 
that it is not the ridge-forming element in Elbow Ridge, a 
locally heavy coarse sandstone in the Helderberg making the 
crest. The th.inning in this direction is accompanied by a 
deposit of iron ore at the base of the formation, indicating 
that at the beginning of Oriskany time there was a land area 
here on the lowlands of which bog iron accumulated and was 
later covered by marine sediments. 

In the hills north of Indian Springs, thick and highly 
fossiliferous calcareous sandstone again forms a prominent part 
of the Oriskany. Although the format.ion is so strongly ('.al
careons that. it is burned for lime south of the river, its chert 
and sandstone layers form Ferrel Ridge and the low ridges to 
the south. The following section was measured at the small 
stream gap in the eastern ridge at Tomahawk. 

Seetion of Oriskan1lsandstone, Tomahawk, W. Va. 

Flat valley (probably Romney shale). 
Massh'e calcareous white sandstone containing numerous 

specimens of Spirifer areno~'U8. Hard blue siliceous 
limest.one with black flint below, very fossiliferous __ 

Chiefly fossiliferous limestQne wit.h blaek flint __ 
Hard granuIa,r sandstone with white qllarlz conglQmeraw 

at tOll . __________ . ______ . ________ . _______ _ 

CQllceale'd. Thick beds of limestone in part 
Chiefly bard siliceous fossiliferous limestone, weathering 

to 6lhlldsoone and chert 
Siliceous gray limestone with interbedded black flint, and 

45 
16 

41 

thin fossiliferous limestone _________________________ . B3 
Concealed. Probably Helderberg. 

213± 

Distribution and s-urjacefoTm.-TheOriskany occurs in two 
narrow northeast-southwe,gt bands crossing the Pawpaw and 
Hancock qua.drangles and in five small isolated areas extend
ing int.o the quadrangles: The narrow cont.inuous outcrops, 
which are on opposite sides of the Cacapon Monntain anticline, 
compose Tonoloway and Warm Spring ridges. The crest and 
upper western slopes of Tonoloway Ridge, which is prominent 
throughDut both quadrangles, are formed by Oriskany sand
stone dipping steeply westward. This outcrop is straight and 
narrow except where Great Cacapon River cuts through the 
ridge near the southern border of the Pawpaw quadrangle. 
There the strata are doubled back in a fold and the ridge 
on the north side attains unusual width and height. The low 
arch of the southward-plunging anticline is exposed in the 
north bank of the river, but the fold immediately rises again 
south of the river and forms the ridge east of Spring Ford. 
The beds are more gently inclined in the Warm Spring Ridge, 
of which they form the crest and east slope. The pure white 
quartz sandstone in this ridge is less coherent than that in 
Tonoloway Ridge, as a result of which the formation is less 
resistant and has less relief, and it is thinned by faulting to 

only a few feet of coarse sandstone at Potomac River, where 
the ridge becomes low and narrow. The continuation of the 
Warm Spring Ridge north of the river is locally called Cove 
.Ridge. 

Between these long bands -is a small narrow area of Oriskany 
on the west slope of Roundtop, presen-ed in the bottom of a 
minor syncline. 

Around the Dickeys Mountain anticline the Oriskany forms 
a loop which extends into MaJ'yland on the southern slope 
of Elbow Ridge. The formation here is composed la.rgely of 
cherty limestone with thin conglomerat.e at the top, 'not much 
more than 50 feet thick in all. It is cut off on the west· at 
Licking Creek by a fault. East of Keefer Mountain the nar
row body of sandstone swings across Little Cove beyond the 
border of' the quadrangle in low ridges t.hat reenter the north
east corner, where t.he formation is cut out by the main Cove 
Mountain or Foltz fault. South of the Maryland State line 
a narrow outcrop reappears on t.he east side of the fault. 
Moore Knob is capped by a thin remnant of the formation, 
and a t.hin ltlyer of' chert and associated siliceoul:! iron ore covel' 
the surface along the same minor syncline to the north, sug
gesting the waning of the prominent ridge-making formation 
of the west in the immediate proximity of the shore line of the 
Oriskany interior sea. 

The high semicircular hills north of Indian Springs are 
composed of' massive beds of the Oriskany in a gently south
ward pitching minor syncline, which is cut off on the west by 
the Cove Mounta.in or Foltz fault. Not only is the ridge 
capped by the formation but its southern slope down to the 
Baltimore pike is covered by large fragments of the coarse 
sandstone, containing numerous casts of large characteristic 
shells. 

In the southeastern part of the Hancock quadrangle the 
Oriskany forms a loop of narrow ridges that culminates at the 
north in the prominent knob called Ferrel Ridge. The for
mation is here quitc calcareolls and not so resistant as elsewhere, 
so that its low ridge is cut by many water gaps. A very 
na.rrow band is poorly exposed next t.o the fault on the west 
slope of North _Mountain. Only the upper layer of coarse 
granular sandstone was seen at this place, but the lower calca
reous beds are exposed farther north, beyond the limits of the 
quadrangle, where the formation is cut out by the fault in 
places. 

Correlation.-The Oriskany sandstone is very fossiliferous 
in this area. In the sa.ndstones of the Warm Spring and 
Tonoloway ridges the shells.are generally preserved as interior 
casts, bnt since most of' the fossils are large and of character
istic form the.y ean be readily identified. In the eastern calca
reous portion the fossils are beautifully preserved, and where 
the rock has been burned for lime, as, for example, near Toma
hawk, the white calcined shells stand out in marked contrast 
with the less pure gray groundmass. 

In the cherty calcareous shale at the base of the formHtion 
exposed in the'Vestern Maryland Railway cut opposite Great 
Cacapon the following fossils, identified by E. O. Ulrich, were 
collected: 

PholidQPS terminalis. 
Rhipidomella oblata. 
Stropheodonta becki. 
Leptama rhomboidalis. 
SchucherteUa IIp. 
Anoplotheca coneava. 
Spirifer cyclopterus. 
Spirifer nea.rpassi. 

Crat.erellina robusta. 
Craterellina Qblonga. 
l'hlipsura multipunctata.. 
Bollia ungUla. 
Bollia americana. 
Kirbyia n. sp. 
Pachydomella sp. undet. 
Bythocypris sp. undet. 

These are correlated by Ulrich with the lower Oriskany of 
New York, which has generally been considered absent in tbis 
part of the Appalachian Vall~y. Schueherta states tha.t in the 
area included in the Pawpaw and Hancock quadrangles noth
ing has as yet been found comparable with the lower Oriskany 
of the Cumberland region, which is there a black shale with 
nodular ehert, 90 feet thick. Its pl'esence in soft strata that 
are generally poorly exposed may acco~nt for its not having 
been previously recognized. This is the only section in the 
area. where- the fauna. was positively identified, and it is prob
ably the easternmost occurrence of this faunal zone. 

From the calcareolls beds of the eastern portion of the area 
the following fossils ha v~ been identified by Ulrich: 

,QJ'biculoidea sp. nndet. 
RhipidOIllella nmsculosa. 
TIipparionyx proximus? 
Stropheodonta lincklaeni. 
Stropheodonta magnifica. 
Chonetes cf. cumplanata. 
Spirifer arenosus. 
Spirifer cumberlalldire. 
Spirifer hartleyi. 
Spirifer mllrchiSOlli (arroctus). 
Spirifer trihulis. 
Anoplia nucleata. 

Leptocmlia flabelliws. 
Meristella lata. 
Camarota;chia barrandei. 
Rensselacria ovoides. 
Megalanterls ovali!!? 
l\fp-.garubonia bellistl"iata. 
AviCllla textilis val'. ru-enaria. 
Platyceras gebhru-dti. 
Platyostoma ventl"icosum. 
Tentaculites cf. elougatus 
Bryozoa (several unpublished 

species). 

In addition to these fossils, many of which occur also in the 
purer sandstones of the western area, well-preserved crinoids 
have been obtained by members of the Maryland Geological 
Survey from the sand quarries near Hancock. 

"'Schuchert, Charles. Lowel' Devonic and Ont.aric formations of Mary
land: l~roo. U. S. Nat. Mus., vol. 26, 1903, pp. 413----424. 



The fossils listed above are all characteristic of the upper 
Oriskany of New York. Since they occur directly overlying 
the Helderberg limestone, which contains undoubted New Scot
land and Becraft fuunas, the lower Oriskany is absent in the 
eastern part of the area. Unconformity and overlap are fur· 
ther indicated by the fact that the representative of the upper 
Oriskany is much thinner in the extreme easte.rfi portion of the 
area than it is in the west. The topmost conglomeratic bed 
is present throughout the areas, however, although its character 
changes from place to place. 

The Oriskany was called the Monterey sandstone in the 
earlier reports of the United States Geological Sur\'ey and of 
the Maryla~d Geological Survey, and has long been known to 
extend southward into Virginia and northward across Pennsyl
vania into New York, with very similar characters and faunas. 

By CH.A.l\,LE8 K, SWARTZ. 

Character and thickne88.-The Romney shale directlyover
lies the Oriskany sandstone throughout the area, save where 
the original sequence is disturbed by faulting. It consists 
chiefly of shale but contains several heavy beds of sandstone. 
The shale is dark or nearly black when freshly exposed. On 
weathering the larger part of the shale of the upper beds 
becomes yellowish green with numerous reddish stains. Mas
siye beds of sandstone occur in the upper part of the formation. 
This formation derives its name from typical exposures of its 
strata at Romney, W. Va. 

The strata of the formation are well exposed in the cuts of 
the Western Maryland Railway on the north side of Potomac 
River opposite Great Cacapon, 'V. Va., where the following 
section was measured by Charles S. Prosser: a 

Section of Romney shale on We"lan Maryland Railway neat' Tonoloway 
station, Md., opposite Great Cacapon, W. Va, 

Jennings formation: Thin greenish !"hales alternating with 
thin·bedded sandstones. 

Romney shale; 
Hamilton arenaceous shale member 

MIl8sive grayish to slightly greeni~h.p;ray sand
stone, hreaking into large irregular blocks; fos· 
sils raJ'e; upper sandstone zone.. 59 

Bluish-gray arenaceous shale, with a few inter· 
calat,ed thin sandstones. The shale break~ into 
irregular pieces and is very 
truning Spirite}' mucronatu8, 
carinatus, Chonetes mucronatus, 
coronatus, Chonetes 8eM oe1', Prothyri8ianceolat a, 
Paracydas li1'ata, etc... 505 

Bluish, not very thick bedded sandswne and 
interbedded shale, constituting lower sandstone 
zone ___ . ___ . __ . ____ ._________ 57 

Bluish shale and some thin-bedded sandstone, 
, exposed west of Long Hollow Run. ________ . __ . 22~ 

Thin bluish, somewhat irregular arenaeeous shale 
extending wel'!t to Long Hollow Run. The 
greater part of this zone is covered______ 479 

Thickness of HaroiJt.on member._ 1325 

Marcellus shale member; 
Thin·bedded bluish black t.o black fi~sile sbale 

containing Leiorhynchus limitare. The shale 
is greatly cont.oried and C1"U~hed, rendering it 
difficult to mea~ure its thickness accurately. 
Ahout._______ 170 

Onomlaga shale member: 
Concealed, approximately _._____ _ _ _ 100 
Interbedded greenish urab and black blocky shale 

in which Kindle found Strnphalosia truncata. 
RhipidomeUa tJanu:cemi, Ambocmlia umbonata, 
Nucleospi1·a coneinna, Dalmanella len,ticularis, 
Anoplea cf. nueleata, Leptwnisca n. sp., styliola 
jl88ureUa, Phacops cristata, etc, _ 60 

Thic]messofOnondaga member___ 160 

Total thickness of IWmney shale__ 1651) 
Oriskany· Romney contact nearly in rear of lock keeper's house. 

The thickness of the Romney yaries from 1500 to 1655 feet. 
Dhltribut?:on.-The outcrops of the Romney shale adjoin 

those of the Oriskany throug-hout the district wherever the 
latter formation is exposed. The Romney forms the axis of a 
small anticline on the west side of the Pawpaw quadrangle. 
It extends in a remarkably straight band along the west side 
of Tonoloway Ridge and in a wider, less regular band on t}~e 
east side of Warm Spring and Cove ridges, and forms a 
v-shaped area at the southern end of Keefer Mountain. It is 
exposed on the east side of the Meadow Branch syncline and 
along the west si.de of North Mountain, the two exposures 
merging to form a broad area over 5 miles wide at Potomac 
River. 

Subdivis1:om.-The Romney shale is subdivided into three 
members-the Onondaga, the ~farcellus, and the Hamilton. 
Though these membcrs can be recognized in individual sections, 
the Romney is mapped as one fon-nation because of the general 
difficulty of separating them in the field. 

Onondaga sb .. l., ... e ... ber. 

Character and thickness.-The Onondaga member forms the 
base of the Romney throughout the district. It consists of 
-~~~g;;:p~~l~;;-~i~ of-M~·yl~dto·b~ ~blisbed bY M---;;:;'yla~l 
Geological Survey. The lower part of the sect,ion is emended by E. M. 
Kinq.lfl, 
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thick-bedded dark shales, alternating with some thin-bedded 
fissile black shales. On weathering the coarser shale breaks 
into irregularly shaped fragments and usually becomes yellow
ish or greenish, resembling some of the beds of the Hamilton 
member. The fissile black shale on weathering breaks into 
thin, fragile plates, the edges of which become whitish, or the 
plates may become ashen gray throughout. Several beds of 
black argillaceous limestones are usually present, occurring 
100 to 150 feet above the base of the member. These lime
stones are well shown east of the iron bridge over Licking 
Creek, near Warren Point, Pa. 

A coarse conglomerate is found at the base of the Romney 
in some places. It is especially well developed in the vicinity 
of Elbow Ridge, where it js about 6 inches thick and contains 
quartzitic pebbles. A few pebbles are also found in the lower 
2 feet of the shale overlying the Oriskany. 

The Onondaga may be separated from the Oriskany by a 
minor erosional unconformity, suggested by the irregular sur
face of the Oriskany, which appears to be eroded at many 
localities; by the sharpness of the lithologic break between the 
Oriskany and Onondaga, there being no beds of passage; and 
by the conglomerate locally developed at the base of the 
Romney. The erosion of the Oriskany, however, does not 
appear to ha\'e been great, and there is no observable uncon
formity of dip. 

It is difficult to determine the thickness of the Onondaga 
with accuracy, owing to the facts that the beds are usually 
much folded and are locally concealed, in part, by wash from 
the Oriskany, and that their upper limit is not sharply defined. 
The thickness of this member is approximately 100 to 200 feet. 

Sarface form.-The Onondaga and Marcellus shalc members 
outcrop between the Oriskany sandstone and the heavy lower 
sandstone of the Hamilton. A valley, therefore, is usually 
developed on them between the ridges of sandstone. In places 
the base of the Onondaga lies high on the flanks of the 
Oriskany rid~es. 

COl'relation.-This member is highly fossiliferous in many 
placcs. Collections made and determined by E. M. Kindle, 
near Berkeley Springs, W. Va., and at Tonoloway station, 
Md., opposite Great Cacapon, 'V. Va., contained the following 
species; 

Craniella hamiltonire. 
Rllipidonlella vanuxemi. 
Daiman(llla IElnticuiaris. 
.Leptreni~ca II. t;p. 
Pbolidustrophia n. sp. 
Lept.ost,rophia perpla:na. 
AnopJia nucleoJata. 
Strophalosi.a truncata. 
AmbocmUa umbonata. 

Nucula cf. corbuliformis, 
NUcleospira concinna. 
Styliola ilssurella. 
Phacops cristata . 
Bollia ungula. 
TIollia. obesa. 
Oraterellina n. sp. 
Polygnathus sp. 

Neighboring areas h:-we yielded many additional species, 
including Anoplotheca acutiplicata, which is restricted to the 
Onondaga in New York, but occurs also in the Hamilton 
of Maryland; many trilobites found elsewhere only in the 
Onondaga; and Agoniatiles expansus, a characteristic species of 
the Marcellus of New York. 

These strata were formerly cousidered a part of the over
lying Marcellus and hence of Marcellus age. The fau~a 

conta.ined in \t.~em in Marylalld and adjacent parts of West 
Virginia is not very decisive for the determination of their 
age. A few of the species are restricted in New York to the 
Onondaga and some to the Marcellus, but many range into 
the Hamilton of that State. Several ostracods are related W 
species occurring elsewhere in the Oriskany. 

Kindle has recently studied the fauna of the<;e shales from 
New York to Tennessee and reports that most of the species 
found in it, including many trilobites, have been observed else
where only in the Onondaga. For this reason, together with 
the lithologic rescmblance, he correlates this member with the 
Onondaga of Ne-w York. The presence in it, however, of a 
considerable number of species characteristic of the Marcellus 
or Hamilton in New York leads the writer to consider this 
fauna of somewhat later age tha.n the true Onondaga of New 
York. 

Chnracter and thickness.-The Marcellus member consists of 
dal'k fissile shale interbedded with some shale of lighter color 
which breaks into many-sided fragments. The dark shale is 
black where freshly exposed and is very fissile. On weather
ing it breaks into thin, flat fragments, the edges of which may 
become lighter colored or the entire Hake ma.y become ashen 
gray throughout. The lighter-colored shale is more blocky 
than the black shale and resembles that of the Onondaga 
member. Thin b~s of impure argillaceous limestone develop 
in it lorally, as in the Onondaga. The strata of this member 
usually resemble those of the Onondaga so closely that it has 
not proyed practicable to separate them in field work. The 
Marcellus member differs lithologically from the Onondaga 
chiefly in the smaller proportion of thicker-bedded shale and 
the greater development of fissile black shale. 
, The Marcellus grades into the overlying Hamilton member 

by beds of passage, so that it has not been possible to fix a 
precise npper limit to it on lithologic grounds. 

Certain beds of this member are somewhat carbonaceous and 
hence have often been regarded as coal-bearing and have been 
prospected for coal at a number of points. They contain no 
coal, however, and are without value in this respect. 

It is difficult to determine the thickness of the Marcellus 
with accurac'y, for the reasons given in the discussion of' the 
Onondaga member. Its thickness is approximately 100 to 200 
feet. 

Correlation.-Fossils are rare in this member, though some 
beds contain locally considerable numbers. It has yielded a 
small fauna of which the following are the more prominent 
species, according to the identifications of C. S. Prosser. 

Ambocrelia umbonata. 
Camal"Otrechia prolifiea. 
Chonetes mucronatus. 
Chonetes scitulus. 
Chonetes lepidus. 
CyrtiIl~ hamiltonensm. 
Leiorhynchus limitare. 

Spirifer mucronatus. 
Tropidoleptus CIl.l"inatns. 
Nucula corhnliformis. 
Nuculites trlqueter. 
Styliola :Ossurella. 
Phacops rana.. 

The above fauna shows that this member is to be correlated 
with the Marcellus shale of New York, which it also closely 
resembles lithologically. 

Character and thiakness.-The uppermost lJlember of the 
Romney consists chiefly of arenaceous shale, which is black 
when freshly exposed, but contains also two or three thick and 
some thin beds of sandstone. It may be divided into two parts 
of np..arly equal thickness. 

The lower division consists chiefly of dark fissile argillaceous 
shale, which usually breaks into thin plates, and weathers 
to a bluish-gray color. Interstratified with this shale are 
some coarser, more arenaceous beds of shale and beds of 
sandstone. A thicker sandstone is developed near the center 
of this division in the vicinity of Hancock and farther 
east. The lower division is terminated above by a thick 
sandstone and some interbedded shale, which usually occurs 
about 500 to 600 feet above the base of the Hamilton, 
This sandstone is well exposed opposite Great Cacapon, 
W. Va. 

The upper division contains more arenaceous, thicker-bedded 
shale, much of which shows concentric weathering. The shale 
usually breaks with a peculiar hackly fracture, yielding pieces 
of very irregular shape, and ultimately weathers yellowish 
green. Beds of sandstone are interbedded with it at several 
horizons. A conglomeratic sandstone occurs about 175 feet 
below the top of the Hamilton near and east of Hancock. 
This stratum is thin and scarcely not.iceable at Hancock, but 
is well shown near Millstone and becomes very prominent 
farther east, where it forms the tops of ridges. It is well 
developed throughout the southern part of the Hancock quad
rangle. The Romney is terminated above by a massive sand
swne, which is about 60 feet thick opposite Great Cacapou and 
55 feet thick at Hancock. Sandstones also occur at several 
other horizons in the Hamilton, the proportion of sandstone 
increasing in genera 1 toward the east. 

The upper limit of the Romney is well defined by' the 
massive upper sandstone. The upper shale of the Hamil
ton is also distinguished by its hackly fracture, contrast
ing sharply in this respect wit:h the smooth fissile shale of 
the lower bcds of the Jennings, In addition it contains an 
abundant brachiopod fauna which is absent from the lower 
part of the Jennings. 

The thickness of the Hamilton member varies from 1100 to 
1325 feet. 

Surface fornt.-The heavier sandstones form a series of 
knobs and, in places, well-marked ridges, between which val
leys develop in the upper and lower shales, producing in 
favorable places a drainage parallel to the strike of the strata,. 
Coon and Pigskin ridges, bordering the Licking Creek valley, 
nrc (Qrmed by the upper sandstone and conglomerate, and 
similar ridges composed of t1!e same beds continue past Holton 
and Baxter to the southern border of the quadrangle. COll

spicuous hills west of North Mountain are also composed of 
the upper sandstone and conglomerate, which are infolded in 
a sharp syncline at this point. 

Correlai'iun.--Tlle lower shale of the Hamilton member 
contains few f09si18. The upper shale and sandstones are 
usun.lly fossiliferous, the fauna of the shale being especially 
profuse. The following species are of common occurrence: 

Athyris spiriferoides 
Camarotrechia sappho. 
Chonetes mucronatus. 
Chonetes coronatus. 
Chonetes vicinus. 
Cyrtina hamiltonensi..s. 
Reticularia fimbriata. 
Rhipidomella penelope. 
Rhipidomella vanlllemi. 
Spirifer granulosus. 
Spirifer sculptilis. 
Spirifer tullius. 

I Stropheodonta concava.. 
Stropheodonta demis~a. 
Tropidoleptus carinatus. 
Cypricaroella belUstriata. 
Grammysia bisulcata 
N ucleospira concinna. 
Paheoneilo constricta. 
Loxonema hamiltonire. 
Pleurotomaria capillaris. 
Homalonotus deka.yi. 
Phacops rana. 

This member of the Romney is correlated with the Hamil~ 
ton formation of New York, which it closely resembles 
faunally, lithologically, and in its stratigraphic position. 



JBNNIIf&S lI'ORllA'HOlJ. 

Character and divisio1Ul.-The Jennings formation overlies 
the Romney conformably throughout the area, It consists of 
interstratified shale and sandstone, shale predominating in the 
lower part of the formatiou Rnd sandstone in the upper beds. 
It den vee its name from the typical exposure of these strata at 
Jennings Run, W, Va. The formation comprises four divi
sions throu.gbout these quadrangles-the Genesee black shale 
member, forming the base of the formation; the Parkhead 
sandstone member; the beds between the Genesee and Park
head members; and the beds above the Parkhead member. A 
fifth division, the Jennings-Catskill transition zone, is sepa
rately mapped in the western paxt of the area. 

The Genesee black shale member is distinct both lithologic-
ally and faunally. The overlying divisions are so closely 
connected by beds of passage that at many localities they can 
be separated with precision only on faunal grounds. Each 
division of the Jennings con~ins a distinct fauna. The 
sequence is 88 follows: 

Jennings-Ca.tllkill tranlition zone at the west. 
Beds a.bove the Pa.rkbead sandstone member, eonta.fning the 

Chemungfa.un&. 
Pa.rkhead BlLDdstone member, containing the Pa.rkhead fa.una. 
Beds between the Pa.rkhead a.nd Geneaee members, containing 

the Ithaca and.Naples faunaa. 
Genesee black shale member, oontaining the Genesee fauna. 

Thickne88, - The thickness of the Jennings formation, 
including the Jennings-Catskill tmnsition zone, varies from 
about 4000 to 4800 feet. One of the beat exposures of the 
lower part of the formation is on the Yellow Springs road, 
just east of the village of Berkeley Springs, W. Va., where the 
following section is shown: 

Ptt,rUaJ BfloUon of Jermi1'lga formatton on flu Yellow Springs f"Oad, eaat of 
Berkel611Spri'llgB, W. Va. 

Jenntngll formation: Feet. 
Pa.rkhead u.ndltone member: 

Massive brown oonglomeratio sa.ndstOllfl (480 feet 
southeast of fork of road)_____________ lIS 

Coneealed _______________________________________ 114 

Musive graysandstone (l70feet southeast of fork 
of road) OQntaining Tropidoleptus carinatua 
and Oamarot(Schia ootI,gregata var ____________ 12 

ConoeaJ.ed_________________ _____________ ea.! 
ConeeaJed in part, exposing some ftsslle olive

green shale. (Fork of road to Ridervllle 2884 
feet east of base of aection}_____________ ______ 127.5 

MllMive greenish.gray sandstone (2214 feet eBlJl; 
of baBe of section) oontalning Oamarotmchia 
oangregata var., l!JpirlJ'''· me8(lcoataUs, and 
Oyclnnema n. ap.; thiokness. approximately___ 12 

Beds between the Parkhead and Genesee members: 
Very red shale having a band of green sandstone 

18 inches thick at bottom_____________ 80 
Fin:Ue oliva·green shale_ 89 
lIaekly olive-green shale______ 6 

"'Ftsane·ollve..greenlha.le_______________ 80 
Bed Bhale____________________ 18 
Concealed ______ .:__________________ 9 
Green aandstone____________ ____ ______________ 12 
Flaail.e brown ahale _______________ ~-- ~ 

Maulve broWllll&Ildstone. ___________ 8 
Bed shale_________________________ It 
Red male oontaining at top (1889 feet east of 
~ ~ section) Productella specl.otJa, Schuo
phoria striatula, and 8pirlfer mucronatm 
VBl". JIOIlte1"U8 ______________ _ _______________ 12 

Fiaslle green Bhale _________________ ~ 48. 8 
'FissUe red ahals ___________________________ .__ 11 
Olive-green rusty shale containing thin beds of 

green u.ndstone__________________ 89 

Ollve·green male of va.rled physfual character___ 72. 9~ 
Haokly green shale and a few thin beds of brown 

shale oontainlng the following fouila at top 
(1G99 feet east of baae of aeetion): ()grtin.a 
hamiJtonen.sta, Leirwhynchm --"globulifQrme, 
Producteila lIPeciOlla, Pugnaw PUllnm va.r. 
altus, and Bpirl/61" mucronatua var. poaterf.Ul_ 69 

Brown Ihale and 88.D.dston8_ 18. IS 
Haek:ly green shale containing at top (1482 feet 

east of base of aeetion) Leiorhynchus globul1r 
forme, Productella speoWaa, PuIlfUUl' pugnus 
VllJ'. altm, 8chuop1wria striatula, and Spin-
f8f' mUCf"OfJatuB V&r. polteTw _______________ _ 

Hackly green ehale containing Productella 
a;ecioBa and Bptrl/er mucronatus var. poll-k1"U.!___________________________ 10. IS 

Green h&ckly arenaceous shale. conta.ining Pro
ductella specWBa at top (1466 feet east Of base 
of seetlon) ____________________________________ _ 

Green b.a.oldy lIhale and thin beds of fine·grained 
green sa.nd8tone. At top (144.5 feet east of 
base of section) occur Ohrmet68 n. sp., Lingula 
spatulata,' Lelorhvnchw globuli!oTme, Pro
ducteUa speciosa, Spirlj'er muOf"Oftatm V&r. 
posterua _______________________ 4'l,li 

Green shale, very Dulle at bottom, becoming 
gradually more haekly above B.ILd containing 
8piri,fer mucronatuB V&r. poste"" at top (1890 
feet east; o~ base of section)____________________ 1815 

Green Bhale of varied eharaeter conta.1ning 
Cladoohonm lIP. at top '(1100 feet east of bue 
of aeetlon} ________________________ .• _ 89 

Haekly green ah&le. one bed chocolate colored, 
oonta.in1ng the following fOSBila at top (10t11S 
feeteaat of base of section): .itr1lPa reticula"" 
8chuOfJlwria strlatula________________________ 14 

Haoldy green arenaceous shale _____ . ____________ 17.li 

Haekly green shale oonta.ini(lg the following fOB-
Iils at the top (1000 feet east of base of aection): 
Cladochonf.UI sp., Atrgpa retWu'arl8, Produc· 
teUa spectosa, BeUculariG laf)u, 8ptrlfer 
mucronatul V&l'. pOBtef'UII______________________ 10.5 

FiIIeUe green Ihale ________ ~ ___ ~_~ _ __ _________ _____ as 
:l"awpa ...... lIallcIook. 

11 

Finlle olive-green shale and thin beds of green 
sand!tone, containing the following f08llil8 at 
top (960 feet easI; of base of lootlon): Atrypa 
reUauZarls, Lingula lIP., Leirii"hynchus globu
ti/orme, BetictJ,laria lmttla, 8piri,/er mucro-
natus var. post61'U8, HtropModonta dBmiBsa___ 89 

Concealed _~ ____________ ~________________________ 4B 

Ravine. 700 feet east of base of lM!etion. 
Con(!ea.Ied _______________________________________ 48.5 

Largely coneea.led. The bank along the 1'O&d 
indicates strata. po88888ing the .aame general 
character as the following unit, save that sand-
stone beds are more numerous _______ ._________ 248 

Fisaile Qlive·green shale interbeddPd with thin 
layers cf Baggy sandstone bearing crinoid seg-
ments at top______________ ____________________ 126 

FiBeileoHve.greeu Bhale__________________________ 74.8 
Concealed ______________________ • ______________ ~_ 88.8 

Total thickness of Jennings formation 
e%posed ______________________ ~ _______ : _____ 1898 

Romney shale: 
MaBBive sandstone forming top of formation. 

An excellent exposure of the upper part of the Jennings is 
seen iu the cuts of the Western Maryland Rail way beginning 2 " 
miles west of Pawpaw, W. Va. The base of this section is at 
the axis of a minor anticline 900 feet east of the western limft 
of the Pawpaw quadrangle. The section ends at a ravine, the 
c,enter of which is 4262 feet west of the initial point. The 
base of the section is believed to lie 1300 to 1400 feet above 
the top of the Romney, the Jennings, including the Jennings-, 
Catskill transition zone, being about 4700 to 4800 feet thick 
at this point. 

Partial section of Jennings formation, including the J"ennings·OatBkin 
transition zone, 0'11 Western Maryland Railway S mile.t weri of Paw
paw, w: Va. 

Catskill formation: 
Bed sandstone. 

Jennings formation: 
Jennings-Catskill tra.nsitlon zone: 

Green shaly sandstone oontaining at bottom 
(4118 feetweet of base of BOOtion) OamarotaJcMa 
ezimia a.nd 8piri,fer disjunctuB_______ 42 

Red and green shaly sandstone__________ 18 
Green and shaJ.y sandstone_ ___________________ 18.li 
Red sandstone ________________________________ ~__ 17 

Red and green arena.oeons shale, oontainiug at 
bottom (4020 feet Wetlt of baBEl of section) 
Camarotarohia BZimia, Bchuchertella che-
mungenriB, and Spiri/er ~__ 14.5 

Green sandlltone___ ________________ 12 
Red sandstone, massive below, ahaJy above_____ 140 
Musiv:e green sandstone lIS 
Red shaly sandstone________ 14 
MaBSive green sandstone ____ ~________ 52.5 
Red a.rena.ceoWl shale and sa.ndstone /'il 
Red Il&Ildstone____________________ __ 17 
Red shaJe and interbedded:red sandstOllfl________ 172 

Thickness of Jennings-Catskill tra.n.sition zone -588.5 
Beds above the Pa.rkhead member: --

Green Mndstone, top of which is 3151 teet west 
of base of aect:lon ____________ ~ __ 

Red sandstone and shale_ 
Green 8IIJldstoue; at Pose (2862 feet west of bBlJe 

of section) occurs Camaro"&mcMa sp. ________ _ 
Red sandstone _______ _ 
TI:fiu·bedded sandstone andred shale ___________ _ 

"Green shale; at bottom (2809 feet west of base of 
sOOtion) occurs CamarotaJchia ezimia ________ _ 

Arenaceous green shale with bands of red sha.le_ 

Gresk~~~~:_~~~_:~~~~~_~ 
Green'a.rena.eeoUB sha.le ________________________ ~ 
Green sandstone_ _ _______________ _ 

69.' 
4'-' 

1S7.9 
48./'i 
84.2 

lU 
92.5 

" .. 
'" Green a.renaooons shaJe_ 22 

GTeen sandstone ________ _______________________ 7_ 8 

Green arenaceous. shaJe containing at bottom 
(2466 teet west of base of aootion) 8chuche1-t· 
dla chBmungenris and Spirij'er mesaJJtn_ alia__________________ ~______________________ 51 

Conooaled ____________ _________________ 58 

Coa.rae conglomerate-the npper oouglomerate__ 21 
Massive sandstone and some interbedded shale__ 19 
Concealed ____________________ _______ 44. 5 

Hackly green shale and interbedded sandstone, 
containing a.t bottom (2200 feet west of base 
of section) Camarotrechia O'Tbit:UlarlJJ and 
Spiri/er (Ddth'l/1"i8) m68acoBtaUB__ 74. 5 

Fine-gralned conglomerate 1. 4 
Haekly green sha.le___________ 51 
Maaaive brown IIlUldstont'___ 8.5 
Hackly green shale__________ 2 
Conglomeratic sand!toue_________ 2.8 
Massive sandstone and 1Jh&le--------- 8 
Hacldy green skala ___________ ~ ___ ~~___ 46 
Fissile green shale _____ 84: 
Coarse oouglomerate________ 1 
Hackly green Bhale_________________ 61.4 
Concealed ___ 354. 4 
Olive-green Bl!fIile shale__________________________ 81 
Haclrly green shale and interbedded sandlJtone8...' 28.8 
Coarse conglomerate,the lower conglomerate.>.__ _ 8 
Greeusandstonewith~e partings____ 28.8 
Hackly green shale _________________ ~__________ 11.1 
MaNive green sa.ndstone _______________ ~_________ 18. 9 
Green hack.ly shale_______________ 2"1 
Concealed _ _____ 88.li 

Green ftuUe sh&le._____ 87. 'I 
Green ha.ekly sbale____________ _________________ 24.(5 
Green flsslle sh&Ie ______ ._______ _________________ 88.8 
F1lIIIile and haokly green ehale__ ________________ 24.4 
Brown fulSUe.sha.le ___ ~_______ ___________________ 18. 8 
Gre&n fisadle sbale________ _________________ 89. Ii 

Green ~y shale and interbedded sandstone__ lIS. 8 
Green fiuile shale________________________________ 4Ja 

Gl'een haokly ahale oon~ at top (tOOO feet 
weat of' base of 1IOOtion) 8piri/er dUjunctm 
a:M 8trlrlJ'er f7&6BarirWUB_____________________ 4li. '1 

Brown sandBtone ___ M ___ • ____________ • ___________ 7 .• 

Green hacldy sha.le and ba.nds of sandstone eon
taining at b8lIe (918 feet west of base of sec
tiQn) 8p1.rl,fer d,UJunutuB, Cyclonema n. e.p_, 

..... 

aud.l"M:lw'lWlma stvliolum______________________ 21.5 
Parkhe&d aandstone member: 

Green shale ___________________ ~ _________ ~ _____ M_~ 81 
Concealed _________________ . ___________________ ~_ 71 

Green shale and fiaggys&n.dstone________________ 94.8 
HB6kly green Bha..le and inte1"bedded Il&Ildstone__ om 
Shaly aa.ndstone oontaining at base (M6 feet west 

of bBlJeof sootion) Atrypa reticularia, Oamaf"O
tarohta coft{Jf'egata var., ProdtJ,eteUa lachry
moB4, 8,nriJ'lIr marcyi var .• 8,n'f'l./61' (1M,.. 
th1/1"ie) mesaCfl.taUB, Tt-opldoleptus I;arinatu.t, 
and OoZeolus. ten'UicinctWJ ______________ ______ 8.9· 

Green shale _____ .~~~ _ ~._ .____ _________ _ ___ ____ _____ _ 25 

MlUlIIIve sandstone (ISOO feet west of bue of I\CO"" 
tion) oontaining 8r:Mzod'U8 n. sp., BeJkropAon 
mmra. and Platpcerai n. sp: 6 

Green ahaJe and lhaly sandstone____ 19 
X.lye bluish green sandstone__________________ 8.7 
Green sha.le and concretionary sandstoneH_~_..;-- 14 
Green shale and thin sa.ndatODea ______________ ~__ 100 

Haekly green shale; at top (848 feet "eat of ~ 
of section) ooour Camarotalchia congregata 
var. and 8pir~fermella,.ostf'tlls_~______ 12.8 

Masa1ve brown aa.ndstoue (8M feet west of ba8e 
of section), oontaiuing OamaroUsoh~ C01lf/1"f!

gata var., Oamarotarohia e:rimta, Oolsolus 
tenuieinctus, Bellerophon D. &p., Ogeltlnema 
n. sp., Murchtsonia n. &p., and MurehhOnia 
sp ________ ~. ________________ .___________________ 6.8 

FiBsile green shale_____________ 54 
Mass:Ive brown BlLDdstone _____________________ .__ 1.8 
Green haGkly sha.le ___ ~. _____________ . ------r---- 28 
COfLI"fIe haekly shale; at b88e(2<KIleetwestof base 

of section) ocenr OamarotaJcMa ootI,{I1·egsw 
var , Ohonetes sp .. e,nd Lozl)nema ha'milttmlm_ 98 

Beds between Parkhead and Genesee membl'l"l: 
Flnile green shale; at bottom (100 feet west of 

base of section) ooonr .Atrypa lIPinoRar Opnina 
hamU~. Leiorhgnchua globuUforme, 
8cMsopMria Btriatala, and 8lropMorJonta 
demiBss ___ • __________ .: ___________ M ______ ~_____ 96 

Green shale and thin interbedded sandstones. 
The following species ot'lI:lt;J.r in strata just east 
of aDs of antlellne: Oyrtfma ha~. 
Leiorhttnchw globul{fof"mlS, Pugnam pugnus 
va.r. altus, 8cMzophona striatum, and ilpirl/er 
muoronatul var. potIte1'UB _______ ~ ____ 88 

Total thickneSll of Jennings fonnatiOll-
expneed. exclnaive of Jennfngs-Catakill 
transition zone _______ _ __________ 281IS.8 

])i,trihution.-This formation occupies a large part of the 
Pawpaw quadrangle west of Sideling Hill, occuriing both west 
and east of Town Hill. It outcrops in a narrow strip west of 
Tonoloway Ridge and in a wide belt east of Wann Spring and 
Cove ridges. It forms a u-shaped area about Keefer Moun
tain and another narrow belt east of Third Hill Mountain. 

CharMter and thickness,-The Genesee member consists of 
black fisaile argillaceoua shale, characterized by breaking into 
large flat sheets, which weather into thin, fragile plates. It 
is carbonaceous and becomes chocolate-brown on prolonged 
weathering. Many exposures of considerable thickness exhibit 
a system of well-developed intersecting joints nearly at right 
angles to the bedding, a feature frequeutly seen in the Genesee 
shale of New York. 

The base of'the Genesee· is well'defined by the contra8~ 
between the massive sandstone forming the top of the Romney 
and the thin fissile black· shal~ of the Genesee. Its. upper 
limit is not so sharply marked, the shale be®ming less car
bonaceous toward the top and passing into the ov.erlyiug 
olive-green shale containing the Naples fauna. 

'This member is about 100 feet thick a short distance west of 
the Pawpaw quadr~ngle. It is exposed in the Pawpaw quad
rangle only upon a small anticline which enters the quadrangle 
west of Green Ridge, where it is but a few feet thick, its' p~ 
cise thickness not being determinable, but it is too thin to be 
mapped. It thins and disappears in a short distance eastward. 

Correlation.-The Genesee black shale member abounds in 
individuals of a few speci~ wherever its strata are exposed. 
The i fossils are chiefly minute pelecypods associated with 
pteropods and goniatires. The following are some of the 
more common forms observed in the strata of this zone in 
the adjoining quadrangles, acc·ording to the identifications of 
John M. Clarke: " 

Bnchtola retrostriata. 
Bneblola. oonvt'l'8&. 
BuchioIa Ifvouim. 
Pteroohamla. fragilis. 
Lunulica.:rdinm erenatnm_ 

. Tornooeras unlan~1are. I 
StyIlolalllllJ1lJ'ell&. 

--' _ ProbelOOf'l"as lutheri. 
Ba.etrltes&GiOOInm. 
Orthooeras OlOSDlll. 

The above-named species are found in the Genesee shal~ of 
New York, with which this member is correlated and which it 
closely resembles in lithoJogic character and stratigraphic 
position, as well 88 in its contained fauna, Its disappearance 
to the east is a feature observed also in the Genesee of New 
York. 

BedII between tile Geneaee .... d Parkhead me_ben. 

Okarooter and ti\icl: ...... -The bed. between the Geneaee 
and Parkhead members consist of fissile argillaceou!, shale 
alternating with nnmerous fine;.gmined flaggy sandstones. 
The base of the division is formed of olive-green shale which 
is succeeded by numerous alternating courses of olive-green 
shale and thin fine-grained flaggy sandstone, with here ~nd 



there & more massive sandstone. The shale is fissile a.nd 
breaks into smooth platy frag-ments, strongly contrasting in 
this respect with the very irregular fragments of the underly
ing Romney. On weathering it becomes lighter olive green or 
yellowish. The sandstone is prevailingly micaceous and fine 
grained and on weathering usually becomes fissile, breaking 
into thin flat fragments. Here Rnd there a sandstone is more 
massive and breaks into larger, irregular fragi.uents. The shale 
is more arenaceous near the top, where some beds exhibit irreg
ular fracture. Some of the shale and sandstone near the top 
of these beds have a decided reddish-brown color. In many 
plnces the bedding surface of the shale exhihits "dimpling" 
and indistinct wave markings. 

The base of this division is drawn at the top of the Genesee 
black shale member, which contains a profuse Buchiola fauna, 
or, in the absence of the Genesee, at the top "of the upper 
sandstone of the Romney. 

The thickness of the beds between the Genesee and Park
head members varies from 1200 to 1550 feet, the greater 
thickness occurring in the eastern sections. 

Surface form . ..,-The shale of this division occupies the slopes 
of the ridges formed by the more resistant sandstone of the 
Parkhead member. 

Correlation.-These beds contain two distinct faunas, the 
Naples and the Ithaca. 

The Naples fauna occupies the lower strata of this division 
in the east and the entire division in the west. It is repre
sented by few individuals. The following include some of the 
more common species identified by J. M. Clarke, all of which 
are also found in the Genesee member: 

Bucbiola retrostriata. 
Pterocbrenia fragHis. 

II Tornoooras uniangulare. 
. Bactrites acioulum. 

The fauna is correlated with the Naples fauna which is 
found in the Portage formation of New York. It resembles 
that fa.una not only in its composition but in the lithologic 
character of the rocks containing it and in its stratigraphic 
position. It is also like that fauna in that it extends through 
a greater vertical range in the western than in the eastern 
sections. 

The Ithaca fauna appears in the sections east of Green Ridge 
at 500 to 1300 feet above the base of the Jennings, becoming 
profuse in the upper, somewhat arenaceous strata of this divi
sion. The following are the more abundant species: 

Spirifer mucronatus var. pos" 
terus. 

Productella speciosa. 
Reticularia lrevis. 
Leiorhynchus globuliforl\le. 
Schizophoria striatula. 

I 
Cyrtina ham. iltonensis. 
Pugnax pugnuB var. altus. 

I 

Stropheodont.a demissa. 
Atrypa reticularis. 
Ectenodeslila birostratUIIl. 
Cladochonus sp. 

The species characteristic of this fuuna occur also in the 
Ithaca fauna of the Portage formation of New York, where 
they occupy a similar strati,e;raphic position. This fauna is 
therefore correlated with the Ithaca fauna of New York. The 
upper beds containing it are probably younger than the beds 
containing the Ithaca fauna of central New York and may 
correspond more closely in age to the LeiorhynchUiJ glolndi
forme zone described by H. S. Williams from eastern New 
York. This fauna also resembles the Ithaca in extendin~ 
through a greater thickness of stmta on the east and in dis
appearing on the west. It has not been observed west of Green 
Ridge. 

Character and thickness.-The division just described is 
succeeded by the Parkhead sandstone member, which receives 
its name from Parkhead station, Md., on the Western Mary
land Rai-Iway 7 miles east of Hancock, where this member is 
well exposed .• It consists of shale interbedded with massive 
sandstone, certain beds of the latter being generally highly 
fossiliferous. The shale is more arenaceous than the shale of 
the underlying division and tends to break somewhat more 
irregularly. It weathers to a yellowish or buff color. 

Conglomeratic sandstones occur at three horizons in this 
member in the eastern part of the area-at its base, near its 
middle, and at its top. The base of the Parkhead member 
is formed by sandstone which as a rule, is highly fossilifer
ous, abounding in Camarotmchia cong1'egata var. and contain
ing in ma.ny places a profusion of Tropidoleptus carinatus. 
The sandstones, which are not argillaceous as are many in the 
lower part of the Jennings, break into large irregular pieces. 
They are commonly bluish black when fresh and buff when 
weathered, and in places are tinged yellow and red by iron 
stains. The upper conglomemtic sandstone is very massive 
near Parkhead, where it is exposed in the cut of the West
ern Maryland Railway west of the railroad station. The 
sandstones lose their conglomeratic character farther west. 

The base of this member is clearly indicated in most- local
ities by the- highly fossiliferous character of the lower sand.:. 
stone, which is conglomeratic in the eastern part of the area, 
and by the occurrence, at many places in the Hancock quad
rangle, of a bright-red band immediately beneath it. The 
upper limit of this member is also' clearly defined east of 
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Hancock by the upper conglomerate, which has additional 
strHtigraphic value because the lowest occurrence of the Che
mung fauna is found abQut 200 feet above that conglomerate. 
In the extreme western paI;t of the area, however, it is not 
marked by any distinct lithologic feature and can be deter
mined only by the change in the character of the contained 
fossils. At some localities both limits of this member are i1l 
defined, rendering their precise determination uncertain. 

The thickness of the Parkhead sandstone member va.ries 
from 400 to &)() feet, being greater in the western sections. 

Surface form.-Tbe strata of' this member usually form a 
ridge, the middle conglomerate generally forming the crest and 
the flank of the ridge being occupied by the underlying shale. 

Correlation.-The Parkhead sandstone member contains a 
profusion of fossils, many of which have marked Hamilton 
affinities, including the following: 

TropidoJeptlls carinatus. 
Spirifer (Delthyris) meBa.costalis. 
Spirifer maroyi var. 
CamarotmclJia COD.g1't'gata var. 
ProductelJa,laohrymosa. 
Cyrtina hamiltonensis. 
Cypricardella belli striata. 

Coleolus tenuioinctus. 
Pleurotomaria capillaria. 
DiIl,phorastoma lineatUlIl. 
Many other species of Platy

ooras. Cyclonema, Bellaro· 
phon, etc. 

This fauna occupies a stratigraphic position similar to that of 
the Enfield fauna, described by H. S. Williams, which occurs 
in the upper part of the Portage fonnation of New York over
lying the Ithaca shale member, and with which it is provision
ally correlated. Its Hamilton aspect is marked. Like the 
Enfield fauna of New York, it occurs in beds older than those 
containing the Chemung fauna in this section and is therefore 
classified with the Portage faunas. Because of the prevailingly 
sandy character of the rocks of this member, which closely 
resemble and p-ade into the overlying stmta containing the 
characteristic Chemung fauna, they are placed by many at the 
base of the Chemung format.ion, as has been done by Williams 
in the folio (No. 169) on t.he Watkins Glen-Cawtonk area of 
New York. 

Character and th1:ekness.-The division overlying the Park
head member is so intimately connected with that member by 
beds of passage as to forbid a lithologic discrimination between 
them at many localities. It consists of alternating shale, sand
stone, and conglomerate, the percentage of sandstone inereas
ing toward the top. The shale is more arenaceous than that 
of the lower divisions and commonly breaks into irregular 
pieces, whereas the sandstone is not argillaceous and usually 
not fissile. 

Conglomemt.ic sa.ndstones appear a.t several horizons. Two 
of t.he beds are more persistent than the ot.hers~one 600 to 
800 feet a.nd the other 1400 to 1600 feet above the base of the 
division. Both of t.hese conglomerates contain flattened quartz 
pebbles, and jasper pebbles are found locally in the upper 
conglomerate. The lower conglomeratic sandstone is charac
terized at many places by the presence of Tmpidoleptus cari
natus. This sa.ndstone becomes less distinct west of Green 
B.idge. The upper conglomeratic sandstone is very massive. 
It appears to lose its conglomeratic character, becoming a sand
stone in the eastern sections. Similarly situated conglomer
ates occur in Huntingdon County, Pa., where I. C. ,"Vhite has 
named the lower the Allegrippus and the upper the Lacka
waxcn conglomerate. The conglomerates of the Pawpaw
Hancock area are probably to be correlated with them. The 
lower conglomerate is mapped east of Green Uidge and the 
upper conglolI~eratc is mapped only west of Sideling Hill, so 
that they appear associated on the map only in the Pawpaw 
anticline . 

The strata. overlying the upper conglomer.lte have in places 
a rusty-brown color, due to iron stains. Reddish-brown colors 
appear below the lower conglomerate and become increasingly 
prevalent in the upper strata, a..feature especially marked in the 
eastern sections. 

The base of these beds corresponds very nearly with a 
paleontologic line determined by the first appearance of the 
Chemung fauna in the section. East of Hancock this line is 
about 200 feet above the top of the upper heavy conglomeratic 
sandstone of the Parkhead sandstone member. It is usually 
marked by an increased development of sandstones. 

The thickness of these beds, including the Jennings-Catskill 
transition zone, varies from 2000 to 2800 feet. . 

SUlface f01·m.~The strata which contain the Chemung 
fauna generally form a prominent ridge wherever they are 
exposed. In the western part of the area the upper conglom
erate usually occupies the crest of the ridge,' if at a distance 
from the larger streams, and in many places the lower con
glomerate forms a small ridge or crests of spurs on the flank 
of the larger one. Among the more important ridges so formed 
are the northern part of Polish Mountain, Ragged Mountain 
north of the Pennsylvania-Maryland State line, Gabriel Knob, 
and Green Ridge, although the lower conglomerate is too 
weak to be traced and is not shown on the map. At other 
places the lower conglomerate may occupy the crest of the 
higher ridge. 

Correlation.-The strata of this division contain a profuse 
fauna chamcterized by the presence of f-Jpirijer disjurwtus, 
associated with many other speci~s, the more important of 
which are t.he following: 

Spirifer disjunotus. 
Spirifer (Delthyris) mesacostali~ 
Spirifer mesastl'ialis. 
Douvillina cayuta. 
Produetellalachrymoea. 

Camarotowhia. contra.eta.. 
Ambocrolia umbona.ta. 
Chonetes scitulus. 
Pterinea chemungensis. 

This fauna is correlated with the Chemung fauna of New 
York. It contains Spiriler disju,nctus and many othcr species 
characteristic of the Chemung formation of New York .and 
the strat..'l in which it occurs closely resemble those of the 
Chemung formation of New York, hoth lithologically and in 
their stratigraphic relations. 

A notable feature is the recurrence of a fauna of distinctly 
Hamilton type in the lower conglomerat.e, 600 to 800 feet above 
the base of this division, including Tropidoleptus carinatus, 
Spirifer marcyi var., Camarotmchia congregata var., Rhipido
mella vanuxemi, etc. A similar recurrence of the Tropidoleptus 
fauna has been noted by H. S. Williams in the Chemung of south
ern New York about 600 feet above the base of the formation. 
In the sections west of Cumberland, in the Frostburg quad-' 
rangle, the Chemung fauna appears about 1300 feet above the 
base of the Jennings. In t.he Pawpaw and Hancock quad
rangles the Chemung fauna has not been observed lower than 
1700 feet above the base of the Jennings and in some sections 
not lower than 2100 feet. It is not possible to affirm whether 
the Chemung fauna appears at a lower stratigraphic horizon 
west of Cumberland, or whether the zone containing the Port
age fauna thins in that direction, as the formation can not be 
traced from one localit.y to the other. Spirifer disJunctm was 
found at a single locality east of Ragged Mountain, near the 
western limits of the Pawpaw quadrangle, in stmta question
ably beneath the top of the Parkhead sandstone member, the 
relations being obscure. This observation, if confirmed, would 
suggest that the Spirifer disjunctl1,s fauna appeared earlier in 
the western part of this area than in the eastern part, and 
would accord with ohservations in New York that the first 
appearance of the fauna varies somewhat in stratigraphic posi
tion in different parts of the State. 

Jepnrnp"Catolkill t .... n8ltlon zone. 

It is difficult to define the upper limit of the Jennings 
formation. Toward the top of the formation sediments of 
Jennings t.ype alternate with increasing abundance with those 
of Catskill type. East of Sideling Hill the top of the Jennings 
has been placed at the upper limit of the marine brachiopod 
fauna, which is approximately the lower limit of the more per
sistent red strata of Catskill type. West of Sideling Hill 
bright-red beds occur in the upper part of the Jennings forma
tion, their base being about 600 feet above the upper con
glomerate. They are' succeeded above by green and brown 
strata containing the .Tennings fauna and these are overlain by 
the more persistent red strata of the Catskill, in which no 
marine fauna has been observed. The base of the red beds 
underlying the strata containing the upper .Jennings fauna 
probably represents the horizon selected as the base of the 
Catskill east of Sideling Hill. The overlying green and brown 
strata are believed to thin toward the east, and the red beds to 
thin toward the west. Catskill conditions were thus in full force 
earlier in the e.Rstern sect.ions than in the western, the lower 
red Catskill sediments of the east interpenetrating the upper 
Jennings sediments of the west, which replace them. No 
fossils have been obsened in the red beds of Catskill type at 
the base of the ¥'one. The overlying sediments of Jennings 
type contHin numerous fossils at some localities, including 
Spirifer diil}unctulI, Schuche:rtella chemungew;is, and Camaro
tmchia eximia, which are its most abundant species. These 
species are all characteristic of t.he Chemung fauna of the 
Jennings. The interpenetrating Jennings and Catskill sedi
ments are termed the Jennings-Catskill transition zone and 
are indicated by a separate pattern on the geologic maps. This 
zone is about 500 feet thick. A sect.ion of the zone is given in 
the preceding discussion of the section of the Jennings forma
tion 2 miles west of Pawpaw. . 

Character and thielcness.-The Catskill formation, which 
overlies the .Jennings conformably ,in the Pawpaw-Hancock 
area, is composed chiefly of red' interbedded sandstone and 
shale." It was called the Hampshire formation in the earlier 
reports on Maryland and West Virginia published by the 
United States Geological Survey ~nd the Maryland Geologicul 
Survey. 

The sandstones of the formation vary from thin to thick 
bedded and a.re usually argillaceous. Some of the beds may 
appear very massive where freshly exposed, but even the most 
massive strata usually split into thin courses and become thin
bedded or even shaly on continued weathering, owing to their 
argillaceous character. They pass by insensible gradations 
into shales. The sandstones are in many places somewhat 



porous, presenting what has been described as a "worm-.eaten" 
appearance. Many layers contain clay pellets or kaolinized 
feldspars and are spangled with flakes of mica. Beds of fine 
arkosic conglomerate with small fragments of green and red 
jasper were locally observed near the top of the formation, and 
in the Meadow Branch gorge a thick bed of greenish sand
stone is composed of nodules, presenting the appearance of a 
cobble bed. 

The shale is generally more or less arenaceous. Some beds, 
especially those in the upper part of the formation, contain 
imperfectly preserved vegetable fragments. Many such strata 
are charged with brown stains due to the presence of limonite. 

The prevailing color of the Catskill is a deep red, due to the 
presence of finely disseminated ferric oxide. This color is a 
striking feature both of the rocks and of the soil resulting from 
their decomposition and is a helpful ,criterion in mapping. 
Interbedded with the red strata are others of a peculiar bright
green color that weathers yellow. The green beds are especially 
prominent in the lower part of the formation and produce a 
marked color banding in the weathered outcrops. A few beds 
are brown or yellowish and some even grayish. 

The surfaces of many beds are ripple marked and the shales 
display mud cracks. The sandstones are usually cross bedded 
and numerous local unconformities are observable. The 
features of the rocks of this formation show that they were 
laid down in shallow telTestrial waters and not in the open sea. 

The composition of the formation is extremely variable, the 
strata being subject to rapid change along the strike, sandstone 
passing into shale and vice versa. It has not proved possible, 
therefore, to distinguish members that can be traced over con
siderable areas, and detailed sections have consequently little 
value. 

As described under the previous heading, red sediments 
characteristic of the Catskill are interbedded with the upper 
greenish beds of the Jennings which contain a Chemung fauna, 
and in the western part of the a.rea these red beds appear 500 
feet below the mapped base of the Catskill. These 500 feet of 
strata are mapped as the Jennings-Catskill transition zone. 
The Catskill is connected with the Pocono group a.lso by 
beds of passage. Lighter-colored strata become more numer
ous in the upper part of the Catskill, where beds of a dirty
yellowish tone are interbedded -with red strata, rendering it 
difficlllt to determine the precise upper limit of the formation. 
The top of the Catskill has been placed at the base of the first 
distinctly gray quartzose sandstonf'.8 of the Pocono, which are 
also in many places conglomeratic. 

The thickness of the Catskill varies from 2000 feet west of 
Sideling Hill to about 3800 feet in tile eastern part of the 
Hancock quadrangle. 

Distrihution.-The Catskill occurs in the deeper synclinal 
areas of both quadrangles. In the Pawpaw quadrangle it out
crops in broad bands on the lower slopes of Town Hill, 
Sideling Hill, and Spring Gap Mountain. In the Hancock 
quadrangle it forml'! the axis of the Timber Ridge syncline 
extending from Pennsylvania through Maryland into West 
Virginia. It outCrops in an elliptical area about the axis of 
the Meadow Branch syncline, OCCUlTing west of Sleepy Creek 
Mountain and east of Short and Third Hill mountains. 

Correlation. - The Catskill is nearly barren of fossils. 
Certain beds contain indeterminable vegetable fragments, and 
a few" poorly preserved fish fragments have also been reported 
from this area. Although its organic content is very imperfect, 
its barrenness of fossils, stratigraphic position, and lithologic 
character are similar to those of the Catskill of New York"with 
which it is believed to be continuous and with which it is 
therefore identified. It thins towa.rd the west, where its lower 
strata are replaced by sediments of Chemung age of which they 
are probably a contemporaneous terrestrial phase. 

CAREONIFEROUS SYSTEM. 

Carboniferous rocks are widely distributed over the interior 
of the North American continent, and are of great thickness in 
the Appalachian province. They are divisible into three dis
tinct series, a lower (Mississippian), a middle (Pennsylvanian), 
and an upper (Permian). The Mississippian in the northern 
Appalachian region is composed in general of sandstone, lime
stOlle, and red and green shale, in the order named, compris
ing respectively the Pgcono formation, Mauch Chunk shale 
and Greenbrier limestone member. The Pennsylvanian, the 
great coal-bearing series of the northern Appalachians, com
prises the Pottsvil1e formation at the base and the Allegheny, 
Conemaugh, and Monongahela coal-bearing formations 3bo\'e. 
The Dunkard, the uppermost divisio:n of the Carboniferous in 
this region, is in large part Permian. The Carboniferous 
deposits'of the Pawpaw and Hancock quadrangles are widely 
separated from the main body of those sediments in western 
Maryland and Pennsylvania, and the formations here repre
sented have not been positively cOlTelated with those of the 
broader area. These format.ions, which are regarded as subdi
visions'of the Pocono group, comprise the Rockwell formation, 
Purslane sandstone, Hedges shale, Myers shale, and Pinkerton 
sandstone. 

Pawpaw-Hancock. 
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MISSISSIPPIAN SERIES. 

POCONO GROUP. 

ROCKWRLL FORHATION. 

Character and thickness.-The Rockwell formation, the basal 
Carboniferous deposit, is composed of coarse arkosic sand
stone, fine conglomerate, and buff shale, with some dark 
shale containing, locally, thin coal beds. It merges downward 
into the soft yellowish-green arkosic sandstone at the top of 
the Catskill formation, and the first appearance of a distinct 
quartzose conglomerate or sandstone is taken as the line divid
ing the two formations. In the Meadow Branch syncline, in 
the Hancock quadrangle, this formation is not so clearly 
separable from the Catskill as in the Sideling Hill syncline in 
the Pawpaw quadrangle, where coal-bearing dark shale con
taining Carboniferous plant remains occurs near its base. 
The best exposed section in the area, that at Sideling Hill on 
the north side of the Potomac River gap, is as follows: 

Section of Rockwell/ormation, Sideling Hill, north bank of Potomac River. 

Flaggy cross·bedded sandstone stained reddish, base of 
Purslane sandstone. 

Poorly exposed buff to brown shale and tough baokly 
greenish sandstone, with some reddish shale contain· 
ing small quartz pebbles and !(Tuins __ 400± 

Hackly dru-k shale with thin coal bed at base _, _ 10 
Hackly dark shale and thin conClretionary sandstone 50 
Dark shale weathering to splintery fragments _ _ 15 
Hard shale ________________________________________ ______ 10 
Thin ripple-marked sandstone and shale __ 
Hard dark shale weathering to splintery fragments _ 
Granular sandstone __ 
Dark·gray crumbly hard shale _ 
Hard massive greenish·yellow cross·bedded arkosic sand· 

stone, containing a few quartz pebbles and vitreous 
quaJ'tzose gray sandstone In two ledges __ 

Unexposed below. 
54t± 

Other partly exposed sections on Sideling Hill both north 
and south of the river show about 550 feet of soft rocks, 
chiefly rusty brown shale and sandstone, with some dark shales 
in the lower part and about 50 feet of harder brown sandstone 
at the base. The thin coal bed appears only in the best 
exposures. 

In the Meadow Branch syncline the formation is not at 
all distinct from the Catskill, being composed largely of 
yellowish sandy shale, arkosic sa.ndstone, and some red shale 
similar to the uppermost beds of the underlying Catskill. 
Conglomeratic beds containing scattered white quartz pebbles 
have been observed in most sections in this syncline about 
500 feet below the hard white Purslane sandstone, and since 
this is approximately the thickness of the formation in the 
Sidelinp; Hill syncline this conglomerate is rep;arded as the base 
of the Carboniferous jn this area. A conglomerate 300 feet 
below the crest of the ridge at Whites Gap on the road over 
Sleepy Creek :Mountain, which is presumably at the basc of 
the Carboniferous, contains small fragments of red jasper and 
bowlders of quartzitic conglomerate with pebbles of red jasper 
and ·vitreous quartz. The following is an approximate section 
on the Whites Gap road on the west slope of Sleepy Creek 
Mountain: 

Section of Rockwell formation, west slope of Sleepy Creek MountaIn. 

Feet. 
Massive ~oft arkosic sandstone at crest of ridge _______ lOO± 
Poorly exposed buff sandy shale and sandstone, with some 

red ~bale and sandstone near the top _______________ ,.,__ 870± 
Conglomerate containing quartz and a few jllsperpebbles, 

and gray arkose __ !lO 
Red shale of Catskill formation. 

500± 

The coal in this formation is very thin, and has been pros
pected at only a few places in the Pawpaw quadT'dngle. A 
tunnel rl?ported to be 300 feet in length was opened on the 
outcrop on Rockwell Run, but it has now fallen in. The coal 
seen on the dump had disintegrated to thin shiny slivers, not 
much more than slickened carbonaceous films or coatings. 
The dump is mostly composed of dark carbonaceous clay shale 
with shiny carbonized· plant remains. The carbonaceous shale 
and coal are overlain by a tough micaceous sandstone roof. 
Along the road on the north side of the Potomac at Sideling 
Hill gap several small openiI.1gs have been made in this bed. 
The most extensive is a tunnel 50 feet or more in .length below 
the road. The coal bed as exposed in this tunnel is about 18 
inche_s, thick but is composed mostly of dull black carbona
ceous ~hale with shiny slickened coaly partings. 

Distribution and surface form.-The Rockwell formation 
occurs in the Pawpaw-Hancock area in four bands, the eastern
most of which forms the upper outer slopes of the Meadow 
Branch Mountains SOUtIl of the Potomac, the second surrounds 
Sideling Hill across the length of the PawpaW' quadrangle, the 
third extends into the Pawpaw quadrangle for about a mile in 
Spring Gap Mountain, and the western composes the main 
upper portions of Town Hill. 

On the upper outer slopes of the mountains surrounding 
Meadow Branch valley, the Rockwell formation is poorly 
exposed, being generally covered by debris from the harder 
Purslane sandstone that caps the ridges. On the west slope of 
Sleepy Creek Mountain it can be distinguished with difficulty 
from the underlying Catskill, except in a few places along the 

roads where the basal conglomerate shows. The harder, more 
granular character and brown to yellow color of the Rockwell, 
however, help to distinguish its outcrops from the softer redder 
rocks below. On tlle east limb of the syncline .the formation 
is overturned and a ledge of the basal conglomerate dipping 
750 E. can be seen at Immy places. Massive ledges of this 
bed are exposed in Cherry Run at the east base of HedgE'S 
Mountain, where the road branches off up Short Mountain. 
On Meadow Branch just below the Devils Nose the formation 
appears in fresh exposure aR a gray, hard, gritty, cross~bedded, 
arkosic sandstone that resembles the upper part of the Catskill. 

On the slopes of Sideling Hill the Rockwell formation is 
in general poorly exposed. Fair exposures appeal', however, 
in the Potomac Ri\'er and Rockwell Run gaps. The basal 
sapdstone comes down to the railroad tracks on both sides of 
the Potomac, but the syncline is apparently not quite deep 
enough to carry the- formation in the river bed. North of the 
river the syncline shallows and the capping of Purslane sand
stone becomes gradually thinner until, at a point a mile beyond 
the Pennsylvania State line, it entirely disappears, having been 
removed by erosion. Beyond this point the crest of the ridge 
is composed of the Rockwell formation. The carbonaceous 
shales are not always visible on the roads across the mountain, 
but the harder beds at the base 'of the formation usually define 
the lower limits 'clearly. 

On Town Hill the Purslane sandstone caps only the higher 
knobs south of the Potomac. Elsewhere the top 'of the Dloun
tain is composed of the Rockwell formation, and fragments 
of its harder beds of platy reddish-stained sandstone strew the 
crest and upper slopes. The carbonaceous shales above the 
ha.rder ·basal sandstones are exposed at several places on the 
mountain slope, but the formation has been entirely removed 
by erosion 'where the syncline crosses the valleys of Fifteen
mile and Sideling Hill creeks. 

Co-rrdation.-Fossil plants have been obtained from the 
Rockwell formation in this" area only at the· coal prospect on 
Rockwell Run. Careful search in the coaly shale from the 
openings on the north side of the Potomac failed to reveal any 
fossils. The carbonaceous black shales on the tunnel dump in 
Rockwell Run afforded the following meager flora, identified 
by David White: 

Eskdalia. 
Lepidodendron n, sp. 
Megaspores. 

These plants are referred by White to the Pocono group of 
the Carboniferous. As the formation is only a small part of 
the Pocono :md has not elsewhere been mapped as a separate 
formM,ion, the new name of Rockwell is gi ven to it from typical 
exposures of the formation in Rockwell Run in the Pawpaw 
quadrangle. 

PURSLA.NE SA.NDSTONE. 

Character and thicknes8.-The Purslane sandstone is the 
ridge-making rock of the Meadow Branch 'Mountains, Sideling 
Hill, Spring Gap l\.fountain, and the higher parts of Town 
Hill. It is composed largely of heavy-bedded coarse white 
sandstone with bands of quartz conglomerate and some 80ft 
beds containing locally thin coal seams and a little red shale 
between the harder sandstones. 

Throughout the .Mp...adow Branch Mountains the formation 
consists of an upper and lower hard white granular sandstone, 
usually containing milk-white quartz pebbles, with It variable 
amount of shaly or soft material between. The hard sandstone 
makes the inn~r dip slope of Sleepy Creek Mountain, and the 
section there is consequently poorly exposed for measurement. 
On Short Mountain, the so.uthern part of Third Hill Moun
tain, and the minor ridges at the e.'lst foot of the northern part 
of Third Hill Mounta,in the two sandstone beds make promi
nent ledges. Some dark shales are interbedded in the softer 
strata between the hard ledges, in which coal prospects have 
been opened at several points. 

The formation makes picturesque cliffs where its gently dip
ping strata are cut through by Meadow Branch at the north end 
of the Meadow Branch syncline. (See PI. VI.) The section 
at this point, called the Devils Nose, is as follows: 

Section of Pursldne sandstone at ])evils Nose, W. Va. 

Foot. 
Coarse hard white qnartzose sandstone, cross·bedded above_ 60 
Very massive hard grayish sandstone__ __. _ 40 
Softer thin-bedded cross-bedded sandstoue with some sandy 

shale, ill part covered _ _____________________ 140 
Coarse hard gray mi.caceous sandstone with some dark 

layers aud quart7. pobbles__ 40 
White sandstone and quartz conglomerate ___ .___ 80 
Bluish gray gritty cI'ol'Jl-bedded sandstone, probably Rock-

well formation. 
810 

In the Devils Nose section it is seen that the softer strata in 
the middle of the formation are largely cross-bedded sandstones. 
The dark shales Rnd thin coals seen elsewhere in the basin 
probably occur at this horizon and are concealed by wash. 

In the Pawpaw quadrangle the resistant character of the 
formation is exhibited in the rocky outcrops fo:r;ming the crest 
of Sideling IHill, especially that portion south of the river. 



The .sandstone is in three distinct hard ledges with softer beds 
between, the whole aggregating about 130 feet in thickness. 
The harder sandstonfS generally contain scattered quartz peb
bles and one or more of the layers is usually strongly ,con
glomeratic. In places the lower ledge is the most resistant 
and forms massive outcrops; elsewhere the upper or middle 
ledge is the mrntt prominent, the nature of the exposure and 
the effect of weathering de~roining in large part the particular 
bed. 

On the Little Orleans road crossing Sideling Hill north of 
Rockwell Run the following section of the Purslane Bflndstone 
i. exposed: 

Section of Purslane sandatone on Sideling HW north of RoclnndZ Run. 

Ba.rd red shale with BOlDe iron ore above; black fissile 
shale with thin prospected coal seam below _ 50± 

Thin·bedded white eandstone ________________ ,___________ 20 
Covered ________________________________ 80 

Thin·beddedha.rd white sandstOruL_ ___________________ 10 
Covered ~ ______________________ . __________ "______________ 40 

Mauive white conglomeratic aandstone. thin-bedded and 
lri;a.fned reddish at the top______________________________ 80 

'00,. 
Nowhere else in Sideling Hill were the red strata above the 

sandstone seen. They resemble and suggest the red shale of 
the Myers formation but are thought not to belong to that for
mation, as this would indicate a marked thinning of both the 
Purslane sandstone and the Hedges shale. On the hill slope 
above the Chesapeake & Ohio Canal on the north bank of the 
PotolDac three ledges of sandstone and 8 prospected coal seam 
have th~ following approximate section: 

Partial BurMon of Pursla'lill sand8tone on Sideling HiU, abot)ll Chesapeake 
"" 01lio Canal. 

Black shale and thin coal, with tough sandy underclay 
oonta.i.rling Btigmarim at base ________ ~_______________ 4-t 

Thin-bedded, cross-bedded 88ndstone, weathering with 
reddish stain~ __________________________________ ~________ 40 

Massive coarse white sandstone with quartz pebbles______ 80 
Cbvered ~ __ ~_______________________________ 60 

White er088-bedded sandstone, tarnished red on weathered 
su:rlo.ees ____________________________________ ~__________ 20 

'44-\-

Where the National Pike crosses the mountain, 4 mi1es 
farther north, the following section showing details of the softer 
layers was obtained: 

Parlfal section Of Purslane .and.to1l1l on the Natirmal Pike, C1'osBing 
SideUngOm, 

'MC 
Thick-bedded white sandstone _______________________ 2O± 
Thin-bedded hard sandstone_________________ 10 
Covered _______________________________________________ 8 

Black carbonaeeous shale containing plant :remains _____ ~ 2 
Gray shale containing plant remains ____ ~ ____ ~___ 4 
Thin I!B.IldstOne containing carbOD8000UI matter__________ 8 
MMSive hard lllWaston6 containing quartz pebbles_______ 20 
Gray /lholy sandstone, weathering rusty. and rusty shale 

containing calcareous concretions and quartz pebbles__ 40± 
Hard gray Ialldstone with quartz pebbles________________ 20 

,,,,. 
Dimrihution and surface /orm."",""""The Purslane sandstone 

caps the mountains of the four main synclines in the area, 
Meadow Branch, Sideling Hill, Spring Gap Mountain, and 
Town Hill. The crest and east slope of Sleepy Creek Moun
taiit are composed of ledges and fragments of the massive white 
sandstone beds of thiR formation which constitute the west 
limb of the Meadow Branch syncline. At the north end of ' 
the, plunging trough the upper surface of the hard strata makes 
an-''inclined shelf called the Devils Nose that descends to the 
valley bottom and fonns picturesque cliffs where, Meadow ~~ 
Branch cuts into it. These strata rise east of the stream in a 
lees regular shelf to th~' crest 9f Short Mountain, where they 
outcrop in a narrow band of vertical or steeply overturned 
ledges. South of Short Mountain, where the Purslane sand
stOne is strongly overturned, it forms only low discontinuous 
ridges at the foot of third Hill Mountain, but south of 
Pinkerton, Knob it rises to the crest of the mountain in a 
closed syncline and covers its broad top in a gentle anticline 
to the southern border of the quadrangle, with. the exception 
of an area of included overlying shale. 

The sandstone caps Sideling Hill. from the river noi1h 
beyond the Pennsylvania State line and exhibits in places the 
coal-bearing: dark shales that have been prospected on the 
mountain slope above the Potomac. 'South of the river the 
syncline deepens and the formation widens to a broad trough, 
its harder beds forming separate ridges that develop sonth into 
Purslane Mountain on the west and Sideling Hill on the east. 
The syncline has minor folds that give the formation a wide 
outcrop and produce the detached areas on the sides of Rock-
well Run. . 

On Sideling Hill east of the mouth of Rockwell Run red 
shales overlying the sandstones and thin coal are incl~ded in 
the closely compressed syncline, but these strata were not seen 
elsewhere in the area, though they may be present in the wide 
trough to the south. In the upper part. of Rockwell Hollow 
the slopes on both sides are the dip slopes of the hard Pul'Slane 
sandstone, the slope on the east side being more abrupt because 

14 

the dip is steeper. On the broader part of Purslane Mountain 
the sandstone arches over in a minor anticlinal fold and caps 
the mountain nearly to the south border of the quadrangle. 
The twofold character of the syncline is shown by the occur
rence of the formation in Stinebaugh Point and Piney Point. 

A small area of the formation extends into the quadrangle 
on Spring Gap Mountain, and four small 3reaE1 C3:P the higher 
peaks of Town Hill. Doubtless the other summits of Town 
Hill were covered by a capping of Purslane sandstone which 
has only recently been removed by erosion. 

CO'rrelat-ion.-Few fOBSils have been obtained from the Purs
lane formation in the area. Casts of Lepidodendron trunks 
are found in the sandstones and a few plant remains have been 
obtained from the carbonaceous laye1'8 near the top, but none 
could be specifically determined. 1lhe specimens oj Lepido
dendron are of Mississippian type and the formation is con
sidered to be part of the Pocono group. The name Purslane 
applied to it is from Purslane M'ountain in the Pawpaw quad
rangle, which is formed of the sandstone. 

CharaclM and o.ic"""".-The Hedges shale is a dark coal
bearing shale that overlies the Purslane sandstone in the 
Meadow Branch syncline. This shale and the succeeding 
Carboniferous formations are absent in the Pawpaw quad
rangle. Because of its soft and unresistant character it is 
seldom exposed and 'is usually deeply covered by the talus 
from the adjacent sandstone. The best estimate of its thick
ness is obtained from a section south of Devils Nose, where the 
shale lies nearly flat in the bottom of the syncline. Dark 
shale with several coal seams and a few thin sandstone, beds are 
exposed for 170 feet above the top of the Purslane sandstone, 
and this figure represents the approximate thickness of the 
Hedges shale. There are at least three horizons of coal, the 
lower one a few feet above the base, the second about 100 
feet higher, and the third near the top. Some of the coal beds 
exposed in prospects have considerable thickness, one opening 
showing a width of 9 feet. This exceptional thickness was due 
to repetition ot the bed by folding and crumpling, the coal bed 
being' crushed to small fragments and pieces of the coal and 
interbedded shale being intimately mixed and confused. The 
following is a partial section of the coal-bearing shales exposed 
on the road to Myers along tbe east side of Third Hill Moun
tain, near the south border of the quadrangle: 

Partial section of Hedges shale on TM1'd HiU Mountain east of Myers, -Black shale and thin coal seam__________ 10± 
Massive granular thln·bedded white sandstone__ 15 
Covered _______ 40± 
Thin-bedded bard sandstone__ _________________ 1 

Carbootweotts shale and thin so.ndstones with coal streak 
and plant remairu,--_~ __________________ ~____ 1n 

Covered ______ _ _________ ~______________ 10± 

Gray and black sb8J.e and thin sandstonefL__ 1 
Oovered ______ ~___________ _ ____________ ;-__ 10± 
Thin elabby aandstone_____ 2 
Dark shale and ooal streak 2 

Distribution and surface jor-m.-The Hedges shale occurs 
only in the Meadow Branch syncline in the Hancock quad
rangle. Its gently eastward dipping strata occupy a relatively 
wide strip of lowland bordering Meadow Branch and the low 
foothills of Sleepy Creek Mountain. Outcrops of the shale are 
seen only at a few places where the coals have been prospected. 
Toward the' north end of the basin, where the valley is (''On
stricted, the slopes ste,ep~r, and the outcrop narrower, erosion 
is more active and the shale is better exposed. ~mall pros
pects are numerous around th-e north end of the syncline, and 
some extend into the roadway so far as to ;Plake travel with a 
vehicle difficult. The entire width of the formation has been 
thoroughly and systematically prospected on'Ahe upper west 
slope of Short Mountain, where it stands vertically. The 
steeplY'-oRerturned shale forms a narrow belt along the low 
foothills from this point south to the slope of Pinkerton Knob, 
where it ascends to the upper western side of Third Hill 
Mountain 'and continues to the border of the quadrangle. It 
is also included in a shallow syncline on the east side of Third 
Hill Mountain at the southern border. 

Correlation.-The Hedges J shale is the most fossiliferous of 
the Carboniferous strata in the Pawpaw and Hancock' quad
rangles. David White, in reporting on the fosSil plants of the 
Meadow Branch coal field, makes the following stat~ent: 

Cb~~~~:t~~n:h~np~~=~~y::a~~~~s:~er~ f::: ::= 
plant fragments, many in fine condition, are very abundant, as 111 natural, 
in the roof shales Ol'er the coals of that age. I bave seen but a few species, 
which appear to have' almost exclusively OCCUpied the ground, doubtleBB 
furnishing the land-plant material for the composition of the coal throngh
out the coaJ-bea.ring series, extending from near Pottsville, in eastern Penn· 
sylvairla, to the vicinity of Wytheville. in southwestern Virginia. 

The following plants collected from the Hedg.. shale in the 
Meadow Branch syncline were identified by White: 

8phenopteriB vespertina. 
TriphyllopterislesCllriana, 
Triphyllopteriavirginiana.. 
Protolepidodendron soobini-

fQnne. 

I 
Lopidoeystlo ""qua. 
Triletessp, 
Ca-rpolithes sp. 
Eskdalia sp. 

These are regarded by White as of Pocono age, and the 
formation is placed in the Pocono group. The forwation is 
named from Hedges Mountain, in the Hancock quadrangle, on 
the slopes of which the coals have been prospected. 

lIlYllBS SBALB. 

Character and thickne88.-The distinctive feature of the 
Myers shale is its bright red colored shales, by which it may 
genemlly be readily identifie;d. The basal 60 feet, composed 
of cl'OB8-bedded reddish-gray gritty arkosic sandstone, weather
ing to shaly fragments, outcrops on the lower slope of Third 
Hill Mountain along the Meadow Branch from Little Moun
tain north. Its upper layer is a massive harder bed of the 
same character. Above this are bright-red crumbly shales 
and impure sandstone, succeeded by yellow shale with brown 
argillaceous sandstone and more hard red shale. At the top 
thin reddish-stained sandstone merges into the overlying hard 
white sandstone of the Pinkerton. The thickness of the for
mation ,has been determined to be about 800 feet, although 
one measurement was over 900 feet. 

DistrilJution and surface form.-The Myers shale occurs 
only in the Meadow Branch syncline in the Pawpaw-Hancock 
area. Hard ferruginous red shales above the upper sandstones 
en Sideling Hill resemble very closely those of the'Myers, but 
from their stratigraphic relations they are regarded as part of 
the Purslane sandstone. The Myers shale occupies most of 
the valley of Meadow Branch east of the stream from the 
southern border of the quadrangle nearly to Devils Nose. 
The red shales are conspicuous in the lowlands north from the 
Myers place, and the thick sandstones at the base make low 
ridges near the stream. Farther north in the steeper part of 
the valley the sandstones form prominent cliffs on the east 
bank of the stream with the red shale above in the steep slopes 
of the mountain. The stream has cut a narrow gorge in these 
sandstones at Little Mountain, which is left as a l;emnant on 
the west side of the stream. Neal' ~evils Nose the syncline 
rises l'8pidly and the formation swings around the end of 
Hedges Mountain to the east side of the fold, where the strata 
are more steeply inclined and even overturned in places. The 
band of the formation on the east slope of Third Hill Mountain 
is much narrower and largely concealed by the debris from the 
overlying sandstone. South 'Of Pinkerton Knob the formation 
lies on the west slope of Third Hill Mountain. 

Correlation.-The red color and general character of the 
shale of the Myers formation, together with its stratigraphic 
position, suggest its correlation with the Mauch Chunk shale 
of the Mississippian. No fossils have been obtained from this 
formation. Scant collections of fossil plants from coal beds in 
the overlying Pinkerton sandstone have been pronounced by 
:pavid White to be older Mississippian, and the Myers shale is 
therefore also regarded as of Pocono age. The relation of the 
Myers shale to the Mississippian formations of the western 
Pennsylvania coal field will be discussed under the heading 
"Correlation of the Carboniferous formations." The formation 
is named from the Myers place in the Meadow Branch valley, 
where the red shales and flaggy sandstones of the formation are 
well exposed. 

PIl!ili':BRTON SANDSTONE. 

Character, thickne88, and autribution.-Only (two com~ra
tively small areas of t4e Pinkerton sandstone'OCcur within the 
quadrangles, both being in the Meadow Branch 8yncli~e in 
the Hancock area-one at Pinkerton Knob and the other on 
the northern part of Third Hill Mountain. At the base are 
gray platy sandstone and white quartz conglomerate with soft 
crumbly sandstone above. The upper layers, however, are 
very massive,' cross-bedded C08l'Se white sandstone, with 
numerous quartz pebbles and conglomerate, about 40 feet 
~hick. A thin coal seam in dark-gray shale overlying the 
hard sandstone is the highest bed of the formation seen. Its 
thickness on Pinkerton knob is about 125 feet. 
C~lation.-The following plant remains from the coaly 

shale at the i'.9P of the formation were identified by David 
White: ~ . 

Lepidodendron sp. 
Lepidodendron cr. corrfigatum (-Protolepidodendron), 
Eskda.lia.sp. 
Megaspores, -' . 
Trilete&, form !rith very thick glossy exine, 

In regard to the age indicated by these specimens, White 
writes as follows: 

Notwithstanding the considerable body of red shales and sandstones 
between the coal-bearing division (Hedges shale) and the conglomerates with 
the thin coal (Pinkerton sandstone) in the upper portion of,the syncline, I 
can find no evidence of post-Mississippian age. On the otber hand, the very 
small amonnt of foBSiI material is not only cha.:raet:.eristie, 80 far as known, 
of the older Mississippia.n. but it is closely rela.ted to the Pocono flora. itself. 
A simila.t asaooiation of the same fol'IlllJ. likewise preserved in coaly 1Ihal8l5, 
is ob!!erved in the Allegheny Valley just above the gronp of sandstones and 
shales there correlated with the Pocono. 

The formation is named Pinkerton from the highest point on 
Third Hill Mountain in the ...... which is composed of this 
sandstone. 



As previously stated, the Carboniferous stmta in the Pawpaw
Hancock area are widely separated from the main body of 
Carboniferous of the northern Appalachian coal field. The 
Meadow Branch svncline is entirely detached and isolated and 
is probably the s~llthE'asternmost ~ccurrence of Carboniferous 
in the northern Appalachians outside of the anthracite region. 
A similar isolated Carboniferous area, forming Scrub Ridge 
and Meadow Ground Mountain about 10 miles north of the 
Hancock quadrangle, lies in the deeper portion of a parallel 
syncline, just west of the Meadow Brauch trou.e;h. The sec
tions of these two iwlated remnants of the Carboniferous can 
not at this time be com pared, for a measured f'leetion of the 
Scrub Ridge rocks has not beeu published. 

The next nearest occurrence of Carboniferous strata in 
Pennsylvania is on Sideling Hill, a northward continuation of 
the ridge of that name in the Pa"wpaw guadrangle. A section 
of the rocks of this mount.ain, measured in great (letail by 
C. A. Ashburner, of the Pennsylvania Geological SUl'Yey, in thc 
tunnel of the East Broad Top Railroad, in southern Hunting
don County, about 28 miles beyond the northern limit of the 
Pawpaw quadrangle, is condensed from Report F of the Second 
Geological Survey of Pennsylvania, as follows: 

Section of the Pocono East Broad Top Railroad, 
Pa. 

[FMmdetalledsootiOllbyO.A.Ashburner.] 

Upper Gra.y Sandstone group (massive and flaggy sand, 
stone; 610 feet): 

Hnrd, coarse, massive, gray to brown sandstone alter
nating with thin tlaggy sandstone and sbale. 
Some red shale and sandstone near top 580 

Massive gray sandstone, containing" bed of black car· 
bonaceous shale__ 30 

New River Coal series (B13 feet), 
Massive gray Sandswne and thin-bedded sandstones 

with nnmerous thin seams and partings of coaL_ 164 
Sbaly sandstone and some massive sandswnes with 

lIlany thin coal seams__ 14.9 
Middle Conglomerate group (380 feet); 

Soft black carbonaceous shale alternating" with fine 
conglomerate _" _ ' 25 

Yellowish shale containing tbin coal seams__ 26 
Hard massive gray sandstone in part conglomeratio 

and strongly cross bedded, with thin blaok oarbona· 
ceouashales__ 156 

Soft dark·gray shale, with thin hard sandstone__ 49 
Massive hard gray sandstone and fine conglomerate__ 38 
Fine dark-gray shale and hard gray to black sandstone 26 
Thin hard gray sandstones interbedded with gray and 

black shale__ 60 
Lower Green Sandstone group (830 feet); 

Green and gray shale with thin dark slaty sandstone__ 77 
Hard, coarse, reddish·gray, yellow, and greenish sand-

stones in fiaggy, interbedded with soft yellow 
313 

Soft greenish flllggy sandstone and hard massive sand-
stone (partly concealed)__ 440 

2133 

The npper 580 feet and the lower 777 feet of tbe section do 
not occur in the tunnel, but were measured in near-by expo
snres. 

Other detailed sections were measured in the Broad Top conI 
field in Bedford and Fulton counties, Pa., a deepened north
ward extension of the Town Hill syncline, in which appeal' 
not only the Pocono but Mauch Chunk, Pottsville, and suc
ceeding COllI-bearing formations. The following section of the 
Pocono exposed in the Juniata, RiYer g'dp through Alle
quippa Mountain in the Broad Top field is taken from 
Report T2, Second Geological Suney of Pennsylvania, by 
J. J. Stevenson: 

Section of the PO(Jono group in the Juniata River ga.p in Allequippa 
Mountain. 

[CondensedfromreporlbyJ J.Steven.on.] 

Gray sandstone with many pebbly layers, flaggy near top 
and containing little shale, one thin layer of which was 
carbonaceous__ 620 

Redshale________ 70, 
Sandstone ___________ 4I'i ' 

Shale with SOllie irregularly bedded sandstone__ 248 
Flaggy, irregularly bedded gray sandstone containing con-

glomerate layeTII of red shale balls and brown hematite 
nodules__ 12t1 

Sandstone and red shale in alternate beds__ 2a'l' 

1365 

1. C. White in Report. T3, on Huntingdon County, gives a 
section measured in Shoups Run gap in Terrace Mountn,in, a 
few miles north of the preceding section, from which the 
following is condensed: 

Section of the Por:ono group, Slwups Run gap in Terrar:e M~untain. 
[Condenp.ed from repvrt by 1. C. Wbite.] 

Gray mas!live coarse sandstone, somewhat pebbly, and 
with thin dark shales._ 560 

Gray sandy flags, red shale, and greenish sandstone__ 170 
Blackshale with few thin flags. fossiliferous______ 100 
Gray sandstone, very massive at the base and sollie shale 

in upper part _ _ 300 
Green sandstone and red shale interbedded [regarded by 

White as Catskill] __ 250 
Red shales, undoubted Catskill. 

1380 

Another section by 1. C. White, made at the Juniata River 
gap at Riddlesburg; in the same report, is summarized as 
follows: 

Pawpaw-Hancock. 
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Section of the Pocono group, Juniata River gap at Riddlesburg. 

[Conden.edfromrepO!tbyI.C. White.] 

Sandstone, in part massive and pebbly, and shale in alter-
nating beds, with a little red and bLwk shale 609 

Dark, very fossiliferous shale__ 50 
Sandstone with wme shale 85 
Alternating thin sandstone and shale, the lat.ter mostly 
~_ m 

}fassive gray sandstone________ 140 
Red shale and greenish ~andstone [regarded by "White as 

Catskill] . 340 
Red shales, undoubted Catskill. 

1442 

The Mauch Chunk shale overlies the Pocono in the valley 
wcst of Town Hill in Fulton County and surrounds Round 
Top Mounwin in Fulton, Bedford, and Huntingclon counties, 
and the following section is condcnsed from Ule detailed 
description of the red Mauch Chunk shale and associated 
lilllestone by Ashburner in Report F: 

Composite section of Mau.ch Chnnk shale and associated limestone in the 
Broad Top district. 

[Conden"ed from report by C. A . .Ashburner.] 

FooC 
Red, gray, and yellow flag-goy sandstone and shale__ 150 
Hard, reddish, cross·hedded sandstone, softer red sand-

stone, and bright-red shale __________________ ! 760 
Soft red shale alternating with thin red and gray fossil-

llerouslimest.ones____ ________ 49 

Massive and thin red a,nd gray sandstone interbedded with 
red, green, and gray hard shale__ _ 141 

1100 

In the following table the above sections of the Pocono, 
arranged geographically from west to east, are compared with 
the composite section in the :Meadow Branch syncline in the 
Hancock quadrangle. 

SUmmarized sections of the Pocono group. 

All the above sections show in general the followin,e: four
fold divisions: A lower group of shales and soft sandst.ones, 
genernlly reddish in color where weathered; a middle heavy 
sandstone and conglomerate, usually cross-bedded; a variable 
thickness of black shall' with thin coal seaIllS and sandstone; 
and an upper series of shales, usually red, and thick sand
stones. The thicknesse.,> in the first threc columns of the table 
correspond rather closely, the total thickness varying from 
HW0 to 1442. The Rideling Hill tunnel section is much 
thicker, all the members cxccpt thc top sharing in the increase. 

In t.he Meadow Branch l\fount~lins scction the fourfold 
division is also strongly marke(l and corresponds with the 
formations mapped in the folio with the exception that the 
uppermost hard sandstones were separated from thc softer 
shaly red strata. The t1lickness of thc middle sandstone 
agrees closely with t.hat of Sideling Hill tunnel, whcreas the 
coal-bearing shales are thinner and the overlying sandstones 
and shales thicker. This lIlay be in part accounted for if the 
cross-bedded sandstones at the base of the Myers shale were 
included with the coal-bearing strata instead of' with the red 
beds above. The Rockwell formation is much thinner than 
the lower division in thc Sidcling Hill section, but corre
sponds fairly closely with that of thc other three sections. 
The total thickll€!sS shows a eorresponding diminution from 
t.hat of the Sideling Hill tu n nel. 

It is concluded from the abov~ comparison that all the 
Carbonifcrolls strata now remaining in t.he Meadow Branch 
Mountains are Pocono in age, and correspond to the rocks in 
the Broad Top coal field below the Mauch Chunk. The red 
shale of the Myers formation has its counterpart in the uppcr 
red st.rata of thc first three scctions, the tunnel section possibly 
not exhibiting this color because in the fresh exposures the 
rock is probably greenish gray. There is furthermorc no indi
cation in the :Myers of calcareous strata which are so con
spicuous in the Mauch Chunk of the Broad Top field. 

Ashburner states in, Report F that a heavy sandstone (No. 
152) in the upper part. of his Middle Conglomerate Grollp, the 
hardest and most massivc of the Pocono, forms the crest of 
Sideling Hill apparently throughout its whole extent. The 
sandstone capping Sideling Hill in the Pawpaw quadrangle is 
a very massive, hard, white conglomeratic sand::ltone similar to 
bed No. 152 described by Ashburner, and it. is the only rock 
of this charactcr in this ridge. As this bed has been correlated 
with reasonable certainty with the heavy sandstones (Purslane) 
of the Devils Nose in the Meadow Branch Mountains, the 
above conclusions are further corroborated. 

In the western part of the coal field of Pennsylvania the 
Pocono has a thickness of only 300 to 400 feet. The much 

great.er thickness reported in the Broad Top field threw some 
doubt on the early measurements in that area, but they have 
been corroborated by recent. investigations. As pointed out by 
Stevenson in Report T~, the thickening of the Pocono east
ward is progressive. From 300 feet in Laurel Ridge, Fayette 
County (folio 82 of the U. S. Geologic Atlas), the Pocono 
increases to 1030 feet in the southeastern part of Cambria 
County (folio 133), to 1400 feet in the western side of the 
Broad Top syncline, and to 2133 feet in Sideling Hill, Pa. 
If these measurements are correct, it. apparently reaches its 
culmination in Sideling Hill lmd decreases eastward to 1850 
feet in the Meadow Branch Mountains. Martina reports the 
Pocono as only 4.50 feet thick in Garrett County, western 
Maryland, but he states that accurate measurement could not 
be made. Inasmuch as Garrett County is about on strike with 
the Cambria County rocks, where the thickness is 1030 feet, 
and as Stevenson in Report T2 gives 930 feet as the thickness 
on Wills Creek in Bedford County, it is probable that the 
increase in thickness of the Pocono is not so rapid in a sout.h
easterly direction as in a northeasterly direction. 

TERTIARY ANn QUATERNARY DEPOSITS. 

The Tertiary and Quaternary deposits of this repon com
prise surficial gravels and sands resting unconformably upon 
the older hard rocks. They were accumulated in stream chan
nels and are in general unassorted mixtures of coarse ~ravel 
and sand. The older of these deposits cap terraces along the 
present drainage courses; thc more recent compose the allu
vium in the flood plains of the present streams. 

Oharacter and thickness.-The unconsolidated terrace gra vels 
in the Pawpaw and Hancock quadrangles are remnants of 
deposits laid down by Potomac River and its larger tributaries 
when their chann{'ls were higher than the present stream 
bottoms and the surface of the land was nearer sea level than 
it is now. After the gravel was deposited the land rose and 
the streams became more active. Their valleys were cut deeper 
and patches of gravel were left on ele\'ated benches. The 
gra'lel in the tributary streams is of local origin, having been 
derived from the roeks of the adjacent ridges. That along thE' 
Potomac, however, comprises not only local debris but hard 
rocks transport.ed from the Alle,e:henies of western Maryland 
and West VirginiH. It is in general coarser than the gravel 
on thc smaner streams, large bowlders 5 or more feet across 
being not uncommon on the lower terraces. 

The pebbles and bowlders of the gravel along the Potomac 
consist almost entirely of quartzite, hard sandstone, and quartz. 
One of the best. exposurcs of this material is in a recent cutting 
on the Baltimore pike, 1 mile east of Great Tonoloway c.reek. 
The mat.erial is coarf'le cobble, fine gravel, and sand, rudely 
stratiHed and containing sr,attercd large bowlders. On the 
surnlCc of one large bowlder was a cast of a long, slender 
8colithu8 tube resembling the form found commonly in the 
Cambrian rocks of Houth Mountain, but since Cambrian rocks 
do not outcrop west of this area the sandstone bowlder probably 
came from a higher horizon. Much of the coarser material WllS 

derived apparently from the Tuscarora sandstone, the hardest 
and most. resistant rock west of Routh Mountain, but the 
Clinton and the Pocono also furnished much material. Red 
quartzite from the Clinton~ which is plentiful in the local 
gra vels in the adjacent Mercersburg quadrangle and OCCUffl 

sparingly along Licking Creek in the Hancock quadrangle, 
was not seen along the. Potomac, where the sandstone cobble 
is almost entirely white or cream colored. 

Along the Potomac the gravel ranges in thickness from a 
thin mantle to 10 feet or more. The thicker deposits are 
usually coarse at the bottom and grade into fine sand an~ 
silt at the surface. At some points, as east of Ernstville, 
the whole slope up to 100 feet above the river is covered 
with gravel, but it is seen to occupy terraced steps at several 
levels, and therefore forms only a thin veneer over the whole 
surface. 

Distr1:blltum.-T.he terrace gravels are chiefly found along the 
present and former courses of the Potomac. They occur at 
various heights above the river level from Keyser, W. Va., 
to Harpers Ferry and beyond, down the river to its mouth. 
The gravels occupy benchf's at various altit.udes from 20 to 300 
feet above mean watcr level. These benches are remnants of 
planes sloping downstream which once formed the channel of 
the river, and the' gra vels are remnants of' flood-plain deposits 
preserved at fa,'ora~le placf'S. The formation and history of 
these t.erraces. llre discussed under the heading "Historical 
geology." No gra.vel has been found on the highpst (oldest) 
terracc, the Ioeal representati\'e of the lIalTisburg, peneplain, 
but it may occur ill some undiscovered spots. Where the ~ur
face of the deposit consists of sand and soil, it is distinguished 
with difficulty from disintegrated shale and other soft. rocks, 
and may easily be overlooked. High gravels are f'specially to 
be expected on the necks of land betwcen th'e great bends of 

"Martin, G. 0., Aooident-urantsville folio (No. 160), Geol. Atlas U. S., 
U. S. Geol. Survey, 1908, p. 4. 



the river northeast of Pawpaw, where the river may have 
abandoned a straighter course for the winding one it now 
occupies. 

The higbest gravel observed in the Pawpaw-Hancock area is 
that mapped at the western margin of·the Pawpaw quadrangle 
on the north side of the Potomac, at 800 feet elevation, 300 feet 
above -the present stream level. The surface is strewn ",ith 
gravel, cobble, and rounded bowlders, and marks the ancient 
bed of the river. 'The hilltops 1 i miles west of Hancock, the 
highest of which are 300 feet above the Potomac, are also 
covered with cobble and gravel which were probably deposited 
by the Potomac when it passed through the Tonoloway Creek 
gap, as explained under "Historical geology." 

A larger number of remnants of gravel. are preserved at 
about 200 feet above the river. Gravel covers a conspicu..: 
ous terrace at 700 feet elevation !:lcrose the Potomac from 
Little Cacapon, a smaller remnant caps a bench just east of 
Pawpaw, and another the hill above Orleans Crossroads. 
Several pronounced benches at this altitude on the bends 
of Sideling Rill Oreek, 2 miles· above its mouth, are covered 
with sand and fine gravel, indicating abandoned short cuts 
or older meanders of the stream. A broad level terrace deeply 
covered 'with gravel marks the course of the river opposite 
Great Cacapon 200 feet above its present level. A gravel
coveTed hill which rises 200 feet above the river at the mouth 
of' Great Cacapon River was also probably mantled by the 
gravel at the same time. One of the largest and best Rreserved 
gravel terraces is situated west of Cherry Run, 200 feet above 
the river. It is almost leyel for nearly. a mile. Other' small 
remnants at this level are on the east side of Licking Creek 
due west of Moore Knob and south of Indian Springs. 

Below this 200-foot terrace there are many minor gravel 
levels, and in some places the gra vel strews the slope to the 
river in'successive steps. Only the important occurrences will 
be mentioned. An old oxbow which existed at a stage a little 
below the 200-foot height opposite Pawpaw forms the oval 
valley that leaves the river gol'g'e opposite Little Cacapon in a 
northwest direction and, passing o\'er a low flat gravel-cpvered 
divide at 670 feet elevation, returns along Purslane Run to 
the Potomac opposite Pawpaw. The abandonment of this 
oxbow 'can not be explained by normal cut-ofl', for the old 
channel bends are not near enough together to have heen cut 
through. This matter is discussed more fully and the probable 
explanation of the couditions described under the heading 
"Historical geology." 

An oxbow less than 100 feet above water .level, which 
formerly occupied the embayment ill which Pawpaw is situ
ated, Rnd the surface of the narrow neck of land just below 
Pawpaw are strewn with river gravel. An abandoned cut~ofl' 
at about the same altitude on the neck of land just south of 
Littl~ Orleans, where the Western Maryland Rail~ay now goes 
through, is also gravel covered. Narrow remnants of gravel 
are known to occur at many places in the large bends of the 
Potomac between Pawpaw and Little Orleans, and many have 
doubtless been overlooked on the uncultivated densely wooded 
slopes of this sparsely inhabited area. They lie on the con
cave ~ide of the bends, the channels having been grndually 
shifted in the ever-increasing swing of the stream as it cut 
away the bank on the convex side. No abandoned cut-offs or 
oxbows f in this portion of the river's course, except those 
already mentioned, were observed. 

Terraces, and abandoned. oxbows on Fifteenmile and Side
ling Rill creeks are' recognized by their topographic form 
rather than by the sediment deposited upon them, because 
these streams drain areas of soft rocks and the aUu vial deposits 
are largely silts and fine sand, distinguished with difficulty 
from the shale soils in place. Few terrace deposits, con
sequently, have been mapped along these streams, and no 
doubt many more exist than are shown on the geologic map. A 
wide level tract with a steep circular back wall 2 miles above the 
mouth of Sideling Hill, Creek, which is largely covered with 
fi~e grt\-v,el and sand, marks a prominent abandoned oxbow. 

Great" Cacapon River drains the west slope of Cacapon 
Mountains, whose hard sandstone strata furnish coarser d~bris 
than the two streams just mentioned. Gravel-covered terraces 
and abandoned oxbows are ~ommon in the tortuous portion of 
its course, and the broad slope at its mouth down to the town 
of Great Cacapon is entirely mantled with gravel. The lower 
level of this embayment may have been occupied by the 
Potomac in one of its larger swings. Below this point nearly 
to Cherry Run the later course of the river has not changed 
much, and only remnants of the lower 'Rood-plain deposits are 
preserved. Small areas of higher gravel at a few points, two 
011 the front of the ridges east of Timber Ridge, lie 150 feet 
above the river. 

Although Sleepy Creek drains chiefly areas of soft ~cks, it 
has many readily recognized low alluvial terraces, most of 
which occupy the inside of the big embayments of the stream. 
Several of these terraces in the lower reaches of the creek are 
100 feet above the stream. .Licking Creek, on the other hand, 
drains several promiuent mountain ridges, and its gravel is 
generally coarse and composed mostly of quartzite and sand-
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stone, some of which is red, derived from the Clinton ferru
ginous beds. The gravel on the high terrace W6ilt" of Moore 
Knob, previously referred to, is of this character, as well as 
that on numerous lower terraces along the stream. Back 
Creek, although it traverses only soft rocks in the Hancock 
quadrangle, drains mountain ridges to the south from which 
coarse siliceous material is derived, and its terraces and aban
doned courses are marked by thick gravel deposits. A high 
terrace remnant is preserved 1 mile south of Tomahawk at 
600 feet, and seyeral others at 500 feet occupy the flat tops 
between the stream bends east and northeast of Ferrel Ridge. 

The gravel along the Potomac from Munson to the east edge 
of the 'Hancock quadrangle is of special interest because of its 
extent and range of altitude. Attention has already been 
called to the high-level gravels at Cherry Run, Indian Springs, 
and other places in the vicinity, indicating that the old chan
nel in this part of its course was more meandering than the 
present one. Ail the stream cut its channel deeper it occupied 
successively lower planes, which are preserved on the gravel
covered slope on the Maryland side of the river. This is well 
shown along the road between Indian Springs and Big Pool, 
as seen in the section in figure 6. 

FIGURE 6.-Section across Potomao River near Big Pool, Md, and Cherry 
Run, W. Va., showing gravel-oovered terraces. 

Age.-The terrace gravel shown on the areal geology maps, 
ranging in altitude from 40 to 300 feet above the present river 
level, was deposited during a prolonged period of continental 
uplift and erosion. By tracing these deposits down the Poto
mac, those on the highest benches, rnnging in altitude from 
800 to 600 feet in the Pawpaw and Hancock quadrangles, were 
found to correspond with the gravel-covered terrace at 525 feet 
elevation at Harpers Ferry, on which the Hill Top Hotel is 
located. Just east of Catoctin Mountain in Maryland and Vir
ginia remnants of ~ravel on terraces 500 feet in elevation have 
been regarded as equivalent to the Lafayette formation, which 
also caps Peach Grove Hill, in Virginia, about 12 miles farther 
east, at the same elevation. The Lafayette is of late Tertiary 
age, and some of the highest terrace gravels in the Pawpaw
Hancock area are therefore undoubtedly of the same age. 
The lower terrace gravels are of Quaternary age, and were 
deposited. while the northern part of the continent was covered 
by glaciers. Although glacial waters are not known to have 
Howed into the Potomac, a moist climate undoubtedly prevailed 
and heavy precipitation caused floods in the streams. The 
origin and the correlation of these gravel-covered terraces are 
more fully discussed nnder the heading "Historical geology." 

The Hood plains of the Potomac and its larger tributaries are 
covered with gravel and silt carried >by the streams in flood 
season and deposited 8l0ng their COUl'Bes. The alluvium 
deposits are usually composed largely of coarse gravel and 
cobble, but the surface is generally covered with sand and silt, 
which forms excellent farm land. In places exposed to swift 
currents during the Hood season, as in the alluvial plain at 
Pawpaw anq in *e narrow present channels of streams, tlie 
silt is removed and the coarse grnvel forms the surface. 

Alluvium is mapped on the geologic sheets along most of 
the course of the Potomac in this area and in the broader
bottomed portipns of the larger tributaries. Many Hats along 
the Potomac are not cultivated because they are so frequently 
inundated, but along the .tributaries the best farm lands are 
fOlfnd in these alluvial bottoms, a con~ition especially true or 
Sleepy Creek, where the flood plain is most widely developed. 
The channels of most of the smaller streams also have alluvium, 
but the deposits are too narrow. to be sho~ on the geologic 
maps. 

GEOLOGIC STRUcmJRE •. 

INTRODUurION. 

Stl1lctural geology has to do with the deformation of the 
strata since they were deposited. Sediments when laid down 
on the sea' bottom are essentially horizontal, though they may 
have a slight inclination near the land, especially if the shores 
are steep. The rocks as found· at the surface in this region are 
as a rule not horizontal but'incline at, high angles. When 
the strata are traced from place to place it is seen that they are 
bent into folds called anticlines and synclines, whose axes lie 
in a northeast-sDuthwest direction, and at exc~tionany favor
able points in stream gorges and railroad cuts a complete rock 
fold may be exposed. to view. 

APPALACHIAN PROVINCE. 

Throughout the length of the Appalachian province similar 
structnres prevail. It is a region of parallel folds which trend 
northeast and southwest, in the same direction as the moun
tain system. Individual folds do not extend the whole length 

of the province but diminish in magnitude gradually.and are 
replaced by others. Single folds more than 300 miles long are 
known, but more commonly they are 25 to 50 miles in length. 
The intensity of the folding increases from west to east through
out the length of the province. 

In the Appalachian Plateau the folds are very gentle and, 
symmetrical, with dips generally less than 10°, decreasing 
toward the west to horiwntality. The rocks are unaltered, 
even the shales being free from cleavage planes, and the coals 
have attained orily the bituminous stage. 

In the Appalachian Valley region the folding is intense. 
The dips are generally 300 or more, and in many areas the 
rocks are vertical. Most of the folds are unsymmetrical, the 
northwest side of the anticlines being shorter and steeper than 
the southeast side, and many are overturned so that the beds 
on the northwest limb dip to the east but at steeper angles 
than those on the southeast limb. The crest of such com
pressed and overturned folds is likely to be broken and the 
beds on the east to be pushed over those on the west in the 
form of a thrust fault. The displacement along many of th6ile 
planes of breakage is very great, being measurable in miles in 
the southern Appalachians. The folds are likewise of con
siderable magnitude, reaching 5 miles or more in vertical 
dimension. The larger folds are not a simple unit but are 
composed of numerous minor folds, and these in turn have 
still smaller folds, down to minute wrinkles. 

The rocks in the valley have undergone a greater alteration 
than .those of the plateau. The sandstones and lim6iltones are 
much jointed and hardened, and in places limestone is changed 
into marble. Toward the eastern margin of the valley cleavage 
is developed to a moderate degree in the limestones, and along 
fault zones the rocks are sheared and recrystallized. The 
shales are more crumpled than the inclosing harder rocks. and 
cleavage is developed to such a degree that the beddinK is 
largely obliterated. Coal, where it occurs in this division of 
the province, is in the anthracite or semianthracite stage. 

In the ,Blue Ridge and Piedmont Plateau the compression 
reached a maximum, and cleavage, schistosity, and recrystal
lization of the particles of the rocks over broad areas have 
obliterated all original structures and much of the original 
texture of the rocks. Shale has been altered to slate or schist, 
lime:ltone and sandstone to marhle and quartzite, and igneous 
rocks to gneissa:! and schis~. 

The folding and faulting obaerved throughout the Appa
larhians are the result of horizontal forces acting on the nearly 
level strata in a direction about at right angles to the axes 
of the folds. The origin of these forces is not positively 
known, but it is considered that they were due in part to the 
shrinking of the interior of the earth and in part to the sink
ing of ocean basins and corresponding uplift of the continent. 
Shrinking of the earth and corresponding shortening of its 
radius would produce in the surficial harder portions tange:htial 
stresses that would find relief in folding of the strata. The 
circumference of the globe would by this process be correspond
ingly shortened. The sinking of ocean basins would tend to 
cause deep-seated flowage toward the rising continents and 
corresponding pressures in the overlying harder rocks against 
the interior of the continent, which would also result in their 
folding. 

The general overturning of folds toward the northwest, with 
attendant southeastward-dipping cleavage and schistose planes, 
and the prevalent northwestward t11;rust faulting, indicate that 
the aggressive force throughout the Appalachian_proV;ince came 
from the southeast. To be sure, there are in plac~ thrusts and 
overturned folds in the reverse direction and a few 'at right 
angles, which indicate stresses acting locally in these directions; 
but the prevailing forCes came from the southeast. Further 
evidence of this is afforded by the increasing intensity of fold
ing and alteration of the rocks from west to east, reaching a 
maximum in the Blue Ridge and Piedmont Plateau. 

The Carboniferous and all older rocks throughout the 
Appalachian pr~vince are generally much folded, whereas the 
Triassic strata east of South Mountain are relatively little dis
turbed. The intense compression of the rocb and attendant 
uplift of. the sea bottom into permanent land must have taken 
place in late Carboniferous and early TriaBSic time. Incipient 
foldiDg undoubtedly ocCurred durin~ Paleozoic sedimentation, 
but it culminated in the great disturbance near the close of the 
Carboniferous. 

STRUCTURE IN THE PAWPAW AND HANOOCK, QUADRANGLllE. 

Gen.eral8tatement.-The Pawpaw and Hancock quadrangles 
exhibit,. the customary Appalachian Valley structure-longi
tudinal close fol~ striking northeast-southwest. Consistent 
with the Appalachian structure, thE! folding becomes more 
intense toward the east, the gentle open folds of the wesf:ern 
part of the area giving place to close folds with steeper dips; in 
places overturned toward the northwest and broken by thrust 
faults. In like manner older rocks successively come to the 
surface eastward, and the oldest rocks of the region are exposed 
in the extreme southeast corner of the area, where they form 
the western edge of the Shenandoah Valley. 



.. 
In the Hancock quadrangle the structures are not 80 contin

uous 8S in most portiODS of the northern Appalachians, many 
folds plunging and overlapping each other in the area. This 
condition is caused by the greater compression of the rocks 
and the production of higher folds opposite the westward offset 
of the South Mountain mass in the vicinity of Chambersburg, 
Pa. Erosion has accordingly exposed the Tuscarora sandstone 
at the surface in the higher folds at Dickeys and Cove moun
tains and in other ridges east of the quadrangle. .In plunging 
southward these anticlines finger out, one or more of the 
"branches continuing for some distance as low arches. Con
versely the Meadow Branch syncline rises northward and dies 
out beyond the area. 

The Cacapon Mountain and Pawpaw anticlines to the west, 
on the other hand, pitch gently northward, giving place to 
deeper synclines in that direction. This condition is due to 
the general change in the trend of the structures from N. 
20° E. BOuth of the Potomac to nearly due east at the eastern 
end of South Mountain near Harrisburg, which is not only 
produced by a change of strike of the beds but by a northward 
deepening of the synclines and an eastward deflection of the 
folds. 

The Meadow Branch, Sideling Hill, and Town Mountain 
synclines, and the Foltz or Cove Mountain, Dickeys Mountain, 
and Cacapon Mountain anticlines are the major folds in the 
area. The more important will be discussed separately, begin
ning with the easternmost. 

North Mountain uplift amifaults.-The older rocks ... t of 
North Mountain are part of a large anticline in the limestones 
of the Shenandoah Valley. From studies in the Cumberland 
Valley of Pennsylvania, northeast of this area, it is: known 
that the limestone lies in close folds, many of which are 
overturned and faulted. The westernmost anticline has been 
faulted against younger rocks in North Mountain, and the 
overthrust has taken place along two principal planes. (See 
section D-D of the Hancock structure-section sheet.) Along 
the eastern plane, at the foot of North Mountain, the cru.shed 
and sheared Beekmantown limestone is faulted against the 
crumpled Martinsburg shale. In ascending order the Juniata, 
Tuscarora, and Clinton appear in l'ompreesed outcrops, dipping 
760 BE. (overturned) and fuulted· against the Oriskany sand
stone on the west. All the f.ormation outcrops are very 
narrow, owing to the great compression and probably to dis
tributed fuulting. Northward at the gap at Hedgesville the 
Clinton and Tuscarora formations are also faulted out and at 
the Baltimore & Ohio Railroad cut through a low gap in the 
mountain the Martinsburg shale is faulted against the Romney 
shale. (See fig. 7.) The Tuscarora sandstone, however, forms 
the mountain crest on both sides of the gap and continues to 
be a ridge maker to the Potomac, north of which it is 
faulted out at the surface and the ridge ends. Southward the 
mountain continues to the Virginia State boundary, where it 
dwindles into low hills, the hard sandstone probably being 
again:faulted out. 

FIGURE 'i.-Cross sections of NOl'th Mountain fanlt. showing progreBSively 
. northward a.n. increase of the amount of overthrust.· 

Lower section near south edge of the Hancook qua4rangle; middle section at RedgeJville 
Gap; upper section at the Baltimore &; Ohio BRIlroad cut through the mountain. A, B, 
/IndO represent reapectlftlythe lllPUebedillneach aeotion. and IIid Inaliowlngtheo.mount 
ofdiHplacement. 

Foltz anticline and lault.~The next important structure 
toward the west is an anticline bringing up the Tuscarora 
sandstone in Cove Mountain in the extreme northeast comer 

Pawpaw-BlUltIOClk. 
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of the area. In the Mercersburg quadrangle the Beekman
town limestone is ,exposed in this fold near Foltz, and the fold 
is described in the folio covering that area as the Foltz anti
cline. The fold spreads out southwestward and, plunging at 
the southern border of the Mercersburg quadrangle, gives rise 
to two minor anticlines. of which the western enters the north
east corner of the Hancock quadrangle. Where it enters the 
quadrangle the strata are nearly vertical and strike parallel to 
the mountain, but southward the fold plunges and the strata 
swing eastward around ita end and pass out of the quadrangle. 
The dip decreases to .bout 200 in the hills north of Indian 
Springs, and the formations here cover wide areas. 

The fold is broken on the west by a longitudinal fault which 
branches as it enters the quadrangle, inclosing between the two 
thrust planes an elongated lens-shaped area of the Helderberg 
and Oriskany. These faults and the point of the anticline cross 

the Potomac west of Cherry Run and enter the Romney shale, 
through which they can not be clearly traced, but the struc
ture is probably continuous with the sharp infold of the 
Jennings shown on the map south of Baxter. 

Ferrel Ridge anticline.-The eastern minor fold of the Foltz 
anticline enters the quadrangle at Fort Frederick, but is lost 
in the Romney shale south of the river. The fold again rises 
into prominence south of Soho, where the Wills Creek, Tonolo
way, and Helderberg formations are exposed within a narrow 
band of ridge-making Oriskany sandstone, culminating at the 
north in Ferrel Ridge. The dips are steeper on the west side 
of the fold and the outcrops correspondingly narrow. The 
fold is broken by a faulted minor syncline which indents the 
formations in a southwesterly direction, a narrow band of the 
Tonoloway cutting diagonaI1y across the uplift. This is prob
ably the southern continuation of a shear zone exposed in the 
Baltimore & Ohio Railroad cut in the Romney shale at the 
Potomac River, just east of the Hancock quadrangle, which 
probably represents the prominent fault on the east side of 
Two Top Mountain in the southern part of the Mercersburg 
quadrangle, Pennsylvania. 

East of the Ferrel Ridge fold a gentle syncline inclosing 
Romney shale and a small mass of Jennings formation west 0 .. 

HedgesvilTe is turned up abruptly along the North Mountain 
fault. The Ferrel Ridge anticline has not been traced far 
beyond the southern limit of the Hancock quadrangle. 

Meadow Branch syncline.-This syncline, one of the most 
important structural features in the area, is best shown south of 
the Potomac, where hard Carboniferou.s sandstones preserved 
in the deeper parts of the trough make conspicuous mountains. 
I~ is the most eastern deep syncline in this part of the Appala
chians and preserves Carboniferous rocks structurally as far 
southeast as the anthracite coal field.s of north-central Pennsyl
vania. 

.. '].1he syncline is shown in cross section in sections C--C, 
D-D, and E-E, on the Hancock structure-section sheet. The 
thick Catskill rocks form an unsymmetrical trongh, turned up 
steeply on the east, in which lie the thinner Carboniferons 
rocks. .The axis of the unsymmetrical syncline passes through 
the lower end of Devils N 08C, just west of the sharp north ward 
bend in the stream, then along the upper western slope of 
Third Hill Mountain to the western base of Pinkerton Knob. 
where it follows the foot of the mountain slope to the border of 
the quadra.ngle. On the west the dips are gentle, the hard 
Purslane sandstone descending with the eastern slope of Sleepy 
Creek Mountain. On the eastern side, however, the beds rise 
more rapidly in a secondary sharp fold which is traceable more 
or less cl~arly the full len~h of the basin. A narrow tongue 
of the coal:'beapng Hedges shale projects at the north endin a 
closely compressed syncline with vertical dips on the east which 
become overturned 75° E. on Cherry Run. The overturning 
continues to Pinkerton Knob, south of which the secondary 
fold passes into the Purslane sandstone. A narrow tongue of 
Hedges shale is infolded at the southern border of the quad
rangle. In passing through the rising end of the syncline at 
De,vils Nose, Meadow Branch cuts a deep gorge in the hard 
Purslane sandstone .and divides it into two lobes at its termi
nation,,;) 

Northward the syncline is well mown in the red sediments 
of the Catskill, the V-shaped ridge of the upper conglomerate 
of the. Jennings on the north bank of the Potomac, and the 
upper sandstones of. the Romney, the principal element in the 
formation of Coon and Pigskin ridges, which terminate at 
the Pennsylvania State boundary. ~he fold continnes north 
beyond the quadrangle in Little Cove, which tenninattlS in the 
Mercersburg quadrangle. 

Southward the syncline is marked by mountains to the Vir-~ 
ginia State line, about 8 miles beyond the quadrangle, where 
the fold rises and the Carboniferous rocks am·eroded. 

Die"",,, MQuntaw. anticli"" ami faujt.-At McConnellsburg, 
on the western border of the Mercersburg quadrangle, an anti
cline forms. a large limestone cove inclosed on the east by Tus
carora Mountain and on the west by Little Scrub Ridge. A 
great thrust fault along its western margin brings the Beek
mantown limestone into contact with the Jennings formation 
in a part of its course, and represents a displacement of at least 

9000 fee~ the thickness of the strata cut out. This master 
fault and the southern end of the McConnellsburg anticline 
enter the Hancock quadrangle in Dickeys and Keefer ·moun
tains. The oldest rocks exposed by the anticline in the quad
rangle are Tuscarora sandstone forming Dickeys Mountain, 
around which point swing in concentric loops the overlying 
formations, the harder beds fbrming Keefer Mountain and 
Elbow Ridge. The rocks are steeper on the western side 
where the fault cuts o"ut the Oriskany aud most of the Hel
derberg. (See section A-A on the Hancock structure-section 
sheet.) As the fold plunges steeply to the south, the fuult 
fades out and is lost in the Jennings formation. The fold 
bifurcates south of the river, the eastern arm dying out rapidly, 
the western one continuing in the anticline marked by the 
Parkhead sandstone member of the Jennings. The axis of 
the fold is deflected west here oy the deep Meadow BrlUich 
syncline. 

Timher Ridge syncline . ....:....This is a minor syncline barely 
traceable aCl'088 the quadrongles. Soutn of the Potomac the 
bottom of the syncline is shown by the gentle synclinal dips of 
the Jennings formation and by the attitnde of the upper con
glomerate member, which is generally present in the middle 
of the fold, where it forms Hogback Ridge, most of Pious 
Ridge, Wolf Hill, and similar. unnamed ridges. The trough 
dee~ns and widens near Potomac River -and incloses the red 
Catskill rocks, the harder beds of which form Timber Ridge 
and other flat-topped hills north of the river. A rew miles 
beyond the north boundary of the quadrangle the deepen~ng 
syncline incloses coal-bearing Carboniferous rocks which form 
the Meadow Ground and Scrub Rid~e mountains. 

Cacapon Mountain anticline.-This great anticline is the 
backbone of the structure in the Pawpa.w-Hancock: a~, which 
it divides into two nearly equal parts. It raises the top of the 
Tuscarora sandstone to 2200 feet elevation, nearly 1000 feet 
higher than these rocks stand at present in North Mountain, 
although the height to which they originally rose over the 
North Mountain anticline of limestone before erosion was 
probably greater than in Cacapon Mountain. The difference 
in elevation of the Cacapon Mountain anticline and the 
Meado-w Branch syncline, as shown by the following outline 
section (fig. 8) across the two quadrangles, is about 14,000 
feet. 

.FIGURB S.-Outllne northwest-southeast section OOl'OflB the Pawpaw and 
Han(l()(lk quadrangles.. (Horizontal and verticaJ. seruea the same.) 

The mu:\nlum dlsplaoement ot the IItrata by folding \811hmm to be about 14.000 feet., IIDd the 
probll.ble minlmum tIl[u'unt of erolll.on or ..tmta ill repn!8ented by the dashed linea aooVf' the 
surface profile. Cp, Purslane sandstone: !)cle, Oatakut farrnatt01l; Dj,J8DIi1njpl tonnatIqD; 
Or. Romney ahaIe: Do-So, Orlllkanysalll.illtonetoOllnton lIhIIIe,1ncl1li!l.Vfl; St-Om, Tuaosrora 
sandstone to lIlartInsbnrg lIhale,inolnlll.l"ll. 

The Cacapon Mountain anticline is unsymmet~cal, the west
ward dips being somewhat the steeper. In Ca.capon Mountain, 
where the massi ve Tuscarora sandstone controls the folding, 
the anticline is simple, rising with dips of 35° to 400 E .• 
which gradually decrease to horizontal over the top, and 
descending with dips of about 55° W. On the west flo,!k of 
the mountain the softer and thinner overlying strata, chiefly 
the Olinton formation, McKenzie formation, and Wins Creek 
shale, are complexly folded and crinkled. The minute folding 
of the strata is especially well shown in the vicinity of Great 
Cacapon and south of Rock Ford, as indicated on the areal 
geology; map and itt sections B-B, O-C, a.nd D-D of the Paw
paw structure-section sheet. At Fluted~'Rocka,· also, G~t 
Cacapon River has exposed a wonderful serieS {)f these flutings 
in the Keefer sandstone member of the McKenzie, shown in 
Plates X, XI, and XIV of the illustration sheet and i,Q figure 9. 

FlfiiJJm D.-Sketch of the structure at Fluted Rookll, W. Va. 

The j'ormatio~:n, b:!:~'!:::n:f~="In-;:!ti ~!:":IV~lIIoXenzle 
At Edes Fort an anticlinal pucker in the Tuacar<?ra is: cut 
through by Great Cac8jx>n River. (Boo Pis. VII and VIII.) 

The anticline pitches northward, so that the Tuscarora sand
stone does not cross the Potomac but is last seen on the banks 
of the river at Sir Johns Rnn. The anticline brancheS here, 
the eastern fork, a direCt continuation of the main fold, dying 
out in minor plunging wrinkles just north of the river. One 
of these symmetrical folds in the Bloomsburg red sa.D~stone 
member, finely expo.sed in the Chesapeake & Ohiq Canollmnk 
at the ... t base of Roundtop (see PI. XVII), is classic in geo
logic' literature. The western fork develops· in the northern 
part of Maryland into an elongated flnted dome, e;xposing 



-again the Keefer sandstone member of the McKenzie formation 
in the valley of Little Tonoloway {""'reek. (See section B-B of 
the' Hancock atructure-section sheet.) The minor syndine 
between these branch folds, in which Helderberg and Oriskany 
formations cap Roundtop, is cut by a lon~jtudjnal thrust fault. 

At the north edge of the quadran:e;le the anticline flattens 
out, but the Silurian rocks continue to be exposed for 7 or '8 
miles north in Pennsylvania. Southward' in West Virginia 
the 'fold increases in prominence, and the Silurian extends fOl' 
many miles beyond the quadrangle. 

Sideling Hill syncline.-This fold crosses the entire length 
of the Pawpaw quadrangle without much variation in width. 
The fold incloses Carboniferous strata throughout the quadran
gle but is deepest and widest in the Rockwell Run regio~ where 
the heavy Purslane sandstone forms two ridges, Purslane Moun
tain and Sideling HH1, the inner, ,slopes of which are the clip 
slopes of the syncline. The dips in the eastern limb on this 
portion of Sideling Hill are very steep, locally vertical'or'over
turned. The softer rocks have been mostly eroded from the 
center of the syncline, gi dng rise to the deep synclinal 'valley 
of Rockwell Run, but some coal-bearing strata and red shale, 
overlying the hard sandsfone, are preserved on the ridge where 
the Little Orleans road crosses. A minor fold is exposed in 
Piney Point and in the na.rrow synclinal outlier of the Purs
'lane sandstone on Stinebaugh -Point. 

The west limb of the syncline exposes other minor folding. 
On 'the'broader part of Purslane Mountain, east of Doe Gully 
tunnel', the-Purslane sandstone mantles the surface'in a gentle 
a,nticline which descends the west slope severa] hundred fe€t. 
This minor anticline appears to cross the head of Itockwell 
Valley -and -pass 'back of Piney' and Stinebaugh points, thus 
dividing the syncline in two. The minor anticline is also cut 
through to the north, leaving remnants of the sandstone cap
ping- the high points on opposite sides of Rockwell Run. 
Sections B-B, C-C, and D-D of the Pawpaw structure-sf'£tion 
sheet show the structure at these places. 

The-deep Potomac gorge probably just cuts through the 
Carboniferous strata, but the sandetone and overlyin'g coa]
bearing strata' of the Purslane a.re again inclosed in the syn
cline on the high point north of the river. A small fold on 
the east side of the main syncline is also preserved in the 
lower beds of the Carboniferous seen along the river road in 
Maryland. 

The syncline maintains about the same height across :J-fury
land_ alid appears to be a simple, open, nearly symmetrical fold 
in this part of its course, though some irregularities of dip nre 
seen in the Catskill on the lov·ter slopel:! of Sideling TIill, a.nd 
the 'Carboniferous in the center of the fold is locally steeply 
uptur:ned on the east. A narrow strip of the Purslane sand
stone caps Sideling Hill as far as the Pennsylvania State line. 
The syneline continues its straight even course for 12 or 15 
miles into Pennsylvania" where it seems to merge wit.h the 
To"m Hill syneline on the -west. South ward the main fold 
decreases in depth, and the Purslane sandstone does not. pass 
out of the quadrangle. A minor syncline, however, poorly 
discerned in the Catskill sediments on the weSt flank of' Side
ling Hill, deepens southward, and neal' thc southern border of 
the quadrangle incloses Carboniferous rocks forming Spring 
Gap Mountain, which is capped by Purslane sandstone. 

Pawpaw anticline.-Although this anticline is continuous 
across the quadrangle, it can- not be readily studied because it 
exposes only the Jennings formation. If the sandstone and 
conglomerate memberS were not mapped, the detail of' the 
structure could not' be made out, but the distribution of these 
sandstone members -on the map shows that the fold is wide and 
dou ble in the middle, fingering out into tapering points north
ward in the direction of the pitc4. It eventually fades out 
north of the quadrangle, where the Sideling Hill and Town 
Hill synclines-,merge. 

Opposite Pawpaw there is more minor folding, and the 
Parkhead sandstone member is repeated several times in closed 
synclines. 

Town Hilt syncline.-This is another deep syncline carrying 
Carboniferous strata, but only the higb;est peaks of Town JIill 
in the Pawpaw quadrangle are capped with the Purslane sand
stone. The eastern limb is somewhat steeper than the western, 
but in general the fold is open and nearly symmetrical Wide 
breaks in the Carboniferous strata are made by Sideling Hill 
Creek, Fifteenmile Creek, and Potomac River; -in fuct, they arc 
preserved in the syncline for 'only a short distance sout.h of 
the Potomac. North of Sideling- Hill Creek the Carbotiiferous 
band widens as the syncline deepens and merges with ot.her 
synclines at the northwest corner of Fulton County into the 
Broad Top Mountain coal fields. 

Stmiford Ridge antieline.-A minor anticline brings to the 
surface the Oriskany sandstone in Stratford Hidge and South 
Branoh Mountain on opposite sides of the Potomac in the 
adjacent Flintstone qlladra.ngle, and the nOl'thwanl-plunging 
end of the overlying Romney shale enters the Pawpaw quad
rangle for about 2 miles. Across the res~ of the quadmngle 
the anticline is traceable in the bands of the Parkhead s~ll1d

stone member o~ the Jennings formation, which not only show 
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a bifurcation of the fold as it plunges beneath the surface 
northward but whose wide outcr-op and somewhat fluted edges 
indicate still further crumpling that repeats the beds and 
widens their outcrop. Gabriel Knob, near the north border 
of the quadrangle, is the south-ern end of the heavy con
glomerate aboye the Parkhead member in the minor syncline 
between the branch anticlines. 

Polish _.ZIfO'itniain syncl'ine.-This minor syncline, in the 
extreme northwest corner of the area, is entirely in the 
Jennings formation, and is so shallow tha.t it incloses only 
the higher conglomerate bed which forms the crests 'of the 
northern part of Polish Mountain and of Ragged MOll11tain. 
The sinuous outline of the conglomerate on the map indicates 
the gentle' and open character _of the fold. _ The extent of the 
fold northward beyond the quadrangle is not known and is 
indicated chiefly by the ridges made by the sandstone and con
glomerate beds of the ,Jennings. 

I,ATE RFETONAL UPLIFT. 

Since the great disturbance of the strata near the close of 
Carboniferous time the attitude of the rocks has changed little. 
There is no evidence that the formations in the Pawpaw and 
Hancock qnadrangles were tilted and fa.nlted like those in the 
Triassic basins on the Piedmont Plateau, although it would be 
difficult to detect such 'slight movement in an area of earlier 
great disturbances. It is known, however, from the physio
graphic relations described on pa~es 18 and 20 that this region 
as a whole has been uplifted several hundred feet since Jurassic 
-time and tilted toward the sea, bnt this was ru:!Complished by 
such gentle and gradual movements that the rocks themselves 
were not noticeably disturbed. 

HISTORICAL GEOLOGY. 

The geologic history of the Pawpaw and Hancock quad
rangles and vicinity is recorded chiefly in the roeks undeJ"lying 
the area, a nd in so far as these are exposed at the surface can 
the history be interpreted. The later history is imperfectly 
recorded in the gravels, stream terraces, gorges. and other 
topographic features. The post-Paleozoic part of "'the story, 
therefore, is the least complete. 

The following history is interpreted largely from the facts 
already presented in the description of the formations. 

PRB-CAMBRIAN TIME. 

()The oldest roeks in this general region are the cryshilline 
rocks and ancient lavas of South Mountain and the adjacent 
Piedmont Plateau, and the first events of geologic history 
must be interpreted from these rocks. The oldest rocks, which 
are found farthest east and comprise gneisses, granites, and 
schists, ure so greatly altered that their ori¢n 'can not be 
positively determined, but they apparently represent very 
ancient sediments intruded by -igneous rocks. These rocks 
were compressed, intricately folded, and then planed off and 
became the basement on which the bvas of South Mountain 
were poured. They have been therefore assigned to the 
Arehean period. 

The lavas, whieh are -considered to he Algonkian in age, are 
of two types, acidic and hasic, indicating either two distinct 
periods of eruption or separate sources of supply of the molten 
magma. Both kinds of rocks contain amygduks and other 
evidences of having cooled at or near the surface. The wide 
distribution of these old lavas suggests that they reached the 
surface through great cracks a.nd rifts in the earth. An epoch 
of erosion intervened bet,ween the pour~ng out of the lava and 
the subsidence of the land -when Cambrian strata began to form. 

It is not known whether all t.hese roeks un'derlie the Paw
paw and Hancock quadrangles, but it 1S probable that condi
tions in the area were similar to, if not identical with, those 
indicated for the South Mountain region dlll'ing this beginning 
of the' geologic record. 

PALEOZOIC SEDIMENT ATJON. 

At the beginning of Camhrifln time the area where.-South 
Mountain and the Blue Ridge now stand was depreSsed and 
was occupied by a long strs,it or arm of t.he sea. The first sedi
ments deposited were composed of fr'J,~ments of the a(~jacent 
volcanic roeks, and the basal beds are soft purplish a.rkose. 
whose color and composition indicate that the volcanic rocks 
fr?lll which it was derived had previously been disintegrated 
on the surface of the land. Upon the arkose and' feldspathic 
sandstones rest beds of pure white sand and fine arenaceous silt~ 
These silk-eous sediments formed the Weverton RandBtone, the 
Harpers schist and Montalto quartzite member, and the Antie
tam sandstone, the harder beds of which' fonn the ridge& of 
South Mountain. During these epochs stream ero[,!ion on the 
land was active and quartz sand was carried into the strait and 
spread out -on the bottom by currents. The water, which was 
probably shallow, was inhabited by crustaceans and low forma 
of life whose remains, chiefly the f"llrapaces of trilobites, are 
now sparingly preserved in the rocks. Marine worms burrowed 

in the sand of the shorp., and casts of their holes are commonly 
preserved in the purer sand rocks. In swampy places nell.r the 
shore, iron was deposited with the sediments, forming beds of 
highly ferruginous sandstonee. The Pawpaw-Hancock region 
was probably included in this narrow sea. whose ",;estern shore 
line has not been determined, ~s the rockEl are deeply buried. 

Long before the close of Lower- Cambrian time sand and 
clay deposition was replaced by calcareous sedimentation, 
which lasted almost continuously through the rest of Cambrian 
and a large part of Ordovician time and formed the rocks com
prising the Shenandoah group of the Cumberland, Shenan
doah, and other great valleys of the Appalachian Valley region. 
The major 'part of this great thickness of deposits is free from 
detrital material" except for minute particles of clay and fine 
grains of sand that were included in SOIlJe of the limestones. 
Accompanying this change of sediment was -au expansion of 
the int.erior sea, which in Upper Cambrian time covered a 
large part of the North American continent. This sea con
tinued to occupy a large, part of the intenor of the continent 
throughout the rest of Paleozoic time, alternately expanding 
a.nd contracting. 

Land erosion was insignificant during the lime-depositing 
epoch, for little land waste was transported to the sea. In its 
stead the streams carried to the sea calcium a.nd ma.gnesium 
carbonates and other soluble salts dissolved from the decom
posing rocks by rain water. Some of this caleareous material 
was secreted from the sea water by_ mollusks, crustaceans, 
eorals, a.nd other Ii vlng organisms and 'deposited on the -sea 
bottom as shells and skeletons. Many of the purer beds are 
almost entirely made up of such caleareous organic remains. 
The larger portion of the limestones, however, contain few or 
no visible fossils, so that there is ground for the belief that 
most of the limy sediment was prf'cipitated directly from the 
water rather than produced by the secretion of organisms. 

A number of beds are ooHtic, many others are minutely 
conglomeratic, and it is safe to assume that a, considerable 
proportion of the limestone is clastic, made up of grains of lime 
rock more or less enlarged and rounded by a coating of 
calcium carbonate and eemented by the same material. The 
occurrenee in the Beekmantown of non magnesian and highly 
magnesian limestones in abrupt alternation SUggC8ts that these 
beds v\,'ere probably deposited by chemical action in a shallow 
sea. The land during most of this lime-depositing period was 
of low relief, but there was local uplift in Waynesboro time, 
during which red soil, fine muil, and quart7. grains frolU the 
decomposition of the hard rocks were temporarily swept ,into 
the sea and deposited as shale and sandstone. 

Again at the beginning of the Conococheague an uplift 
occurred that raised a part of the sea bottom -into' land. The 
freshly deposited sediment was broken into fragments whi~h 
were worn round and were formed into conglomerates the 
matrix of which contained numerous rounded quartz grains. 
Other thin layers of limestone were broken up by the waves or 
tides into "shingle" or flat fragments that were shuffied about 
on the beaches and formed "edgewise" conglomerates. The 
oolite, which is also present, was formed in water shallow 
enough for the particles on the sea bottom to be oscillated by 
the waves, and the red clay that occnrs in crevices and solution 
pockets of the bedS' was the residuum of limestone decay on 
land. These features indicate a relatively important uplift in 
the midst of otherwise uniformly quiescent 'Conditions that 
marks the be~inning of Upper Cambrian time, for trilobites 
and other fossils characteristic of that epoch first appear at this 
horizon. . 

Although in the earlier stages of the lime-depositing sea con
ditions were apparently not very favorable to life, during its 
later stages brachiopods, cystids, and bryozoans became '-very 
abundant. The paucity of life seems to have been -a,ssociated 
with the large amount of magnesium carbonate present in the 
water. 

Thil sea throughout the limestone deposition was probably 
of moderate depth-not more than 250 to 300 feet-such as 
is favorable to the existence of trilobites and mollusks, and was 
frequently shallow enough in many 'parts of the area for the 
formation of limestone conglomerate. Many of the fragments 
are long, slender pla.tes with angular edges, indicating that 
they were not carried far from their souree.' Lime silt, to be 
broken up and form eonglomerate, must first be hardened. 
Some of the angular conglomerates resemble silt ou mQd fiats 
that has been dried by the sun, broken into thin slabs,:and a.gain 
submerged, tumbled about, and covered with silt. "In fact, it is 
reasona,bly certain that the silt from '-Which the conglomerates 
were derived was ail' dried, hardened, broken up, and redepos
ited in some such way, and that at intervals throughout late 
Cambrian and early Ordovician time portions of the bottom 
of the shallow sea probably emerged temporarily. The occur
rence of Bun cracks on some of the bedding surfaces of slabby 
limestone, shaly intercalations with crinoids and bryozoans 
attached to the worn limestone surfaces, the irregularity" of 
bedding, and the disappearance of recognized lithologic and' 



faunal zones in the closin~ Chambersburg epoch afford proof 
that is practically conclusive. 

The wide valley east of North Mountain extending into the 
Hancock quadrangle is composed of these limestones containing 
conglomerates and sHnd beds, and the entire Pawpaw-Hancoc~ 
area is undoubtedly underlain by'the same kind of rocks and 
experienced the same history. 

ORDOVICIAN 8ILT .AND SAND DBP08lTION. 

After the close of the lime-depositing epoch the distant land 
to the east was gradually elevated so that the streams brought 
terrigenous material to the sea. Fine silt, forming the carbo
naceous black shale at the base of the Martinsburg. was first 
deposited; then, as the elevation increased; the arkoRic sand of 
the upper portion of the formation and later the coarser re~ 
sand with white quartz pebbles, also coated red, of the J uniats 
were laid down. These coarser'sediments were probably derived 
from the quartzose pre-Cambrian rocks· of the Appalachia": 
land, the red. sand and clay being the iron-stained residuum 
of rocks exposed to long decomposition. The fauna of the 
Martinsburg is characteriStic of the qrdovician, and such 
fossils as have been found in the Bays, the'supposed repre
sentative of the Juniata in southern sections, have also been 
referred to the Ordovician. 

SILURIAN SllDWElliTATION. 

During the deposition of the pure-white· quartz sand of the 
Tuscarora the elevation of Appalachia-the Appalachian land 
area of which the Piedmont Plateau was a part-waS increased: 
and erosion and transportation reached their maximum. . The 
weathered residuum on the land had been removed and' fresh 
quartz sand and pebbles, derived from the siliceous pre
Cambrian rocks of this land mass, were swept into the sea and 
were widely distributed over its gently sloping floor. Trails of 
unknown animals that lived on the sand during its deposition 
are the only indications of organic life found in these rocks. 

During Clinton time land erosion was again less active, for 
the terrigenous sediment was largely made' up of fine silt, which 
formed shales. In favorable places quantities of iron oxide in 
the form of hematite were precipitated with the sediments, and 
these deposits now form bodies of highly ferruginous sandstones, 
some of which are workable iron ores.' The surfaces of these 
ferruginous sandstones in this -area 'show ripple marks, mud 
Hows, and trails of animals that crawled in the soft. mud, 
and indicate extremely shallow water .and tidal .Hats. These 
shallow-water and low-land conditions culminated in the depo
sition of red and green mud rock and fine argillaceous magnesian 
and calcareous silts that inclosed chiefly' small bivalve crus
taceans of early Cayugan age. These thin limestones and shales 
are ripple marked and sun -cracked and contain pseudomorphs 
of salt crystals. In many respects they closely resemble th.e 
Salina rocks of New York, which contain be~of gypsum and 
salt and a peculiar eurypterid type of crustacean, and they 
were, like the New York rocks, probablY'deposited in semi~ 
incl9sed basins whose wateI'8 wer~ partly' evaporated and whose 
tidal flats were alternately submerged and .raised. :These semi.
inclosed basins, or'conditions bf the sea that produced a similar 
character of sedime~t and fauna, probably ,?ontinued' through 
Tonolo.way time, until the resubmer~nce of the land barriers 
in 'Helderberg time restored marine ·conditions. 

DEVOlillAN AND CARBOlUPBROUS SEDI~ElII'l'A4N. 
The general absence of argi!Jaceous and siliceous deposits in 

the Helderberg formation shows that the distant land areas 
were not generally elevated at the time rp.arine conditions we.re 
restored. Pure lime silt was deposited, and coral reefs, sponges, 
brachiopods. and a variety of other marine forms were ab~ndant: 
The wateI'8 inhabited by such prolific life, especially by corals,' 
were without'doubt considerably waI'lIier than those existing at 
the same latitudes on the Atlantic coast to-day. At one stage 
in Helderberg time coa.rse sands closely ~esem?ling those of the 
next later (Oriskany) formation 'were locally laid dow:n near the 
northeastern shore,' indicating incipient elevation of tl;1e land 
which initiated the general uplift during the Oriskany epoch. 

In the western part of the area the finer silts of the lower 
Oriskany followed without break the calcareous Helderberg 
deposits, but in the rest of the area there must have,neen land 
during the earliest Oriskany time, for the Devonian SOOi]Jlell'
tation began with coarse sands of the upper Oriskany. ~ 
marked an, uplift of some distant land com~ed of 9ambriah 
and pre-Cambrian rocks, from which was derived the coarse 
quartz sand and well-rounded pebbles composing so large a 
part of the Ori;!rany. The Oriskany sea probably did not 
at any time extend far beyond the northeastern ·limit of the 
Hancock. quadrangle, for the few feet of beds composing the 
formation there are highly ferruginqrl.s and in~cate that 
marshes existed at or near the shore.- The calcareous nature 
of the formation in the eastern part of the area suggeets that 
the coost to the east was of low character. and comprised ,a 
limestone lowland. The sands forming the main body of the' 
formation must then have been transported scroBS this lowland 
by streams from the mountainous ~.nd to the east or been 
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carried by currents from the distant Adirondack land in the 
north. The Oriskany sea teemed with marine life, particularly 
lime-secreting brachiopods and other mollusks. Their shells 
compose a large portion of the calcareous rocks,' and the finer 
sandstones are crowded with their casts. 

Sediments of terrigenous ma.terial continued in the fine black 
silt of the Romney, which was succeeded in turn by fine arena
ceous shales and sandstones of the upper part of the Romney, 
by fine siliceous silt of the Portage phase of the Jennings, 
and by coarser sands with rounded quartz pebbles and sandy 

. shales of the Chemung pbase of' the Jennings. In all but the 
Portage epooh a large variety of marine' life inhabited the Bhal~ 
low portions of the sea, and the fossil shells in these rocks are 
numerous and finely preserved. Fossils are rare in the sedi
ments of the Portage epoch. Those that do appear are emaIl, 
and were probably very thin shelled, as their impressions are 
very dim. They are of peculiar types, unlike those of associ
ated faunas. The absence over nearly this entire area of the 
black shale of the Genesee. which OCCDI'l!I at the base.of the 
Jennings at the western edge of. the Pawpaw quadrangle an4 
in the regions to the west, Bi~ifies that the' Pawpaw-Hancock 
area was above water during that time, but no other indication 
of unconformity was observed at this horizon. The Onondaga 
has usually been regarded as also absent in this 81'68, but it has 
at least a small representative in the base of the Romney. 

Devonian sedimentation closed with the series of red arkosic 
sands and sandy shales of the Catskill, which are apparently 
a fresh-water phase of the Chemung, as they are poorly assorted 
and carry only fragments of vegetable matter and fish remains. 
Fresh-water conditions, which began earlier and apparently 
originated in the east, were caused possibly by excl'1!8ive rains 
and floods from the land, which changed the margin of the 
shallow sea from salt to fresh and brought unassorted detritus 
from deeply weathered areas. This condition gradually spread 
w6:3tward in the sea and resulted in the substitution of Cats
kill deposition of red arkosic debris with few organic remains 
for Chemung sedimentation and marine life. 

Conglomerates composed of round white quartz pebbles and 
quartz sand indicate renewed uplift of and erosional activity on 
the distant land at the beginning of Carboniferous time. The 
presence in these conglomerates of red jasper pebbles and 
bowlders of quartzitic conglomerate containing jasper and vitre
ous quartz suggests that these pebbles were transported by 
streams and ocean currents from dista'nt lands in the Lake 
Superior region, where jasper is known to occur plentifully in 
pre-Cambrian rocks, but they may pos.sibly have been derived 
from the pre-Cambrian of the adjacent Appalachian Mountains, 
which also carries jasper in smail quantities. 

Certain of the layers contain fragmp,nts of tree trunks and 
thin seams of coal, but it was not until Pennsylvanian time that 
thick deposits of vegetal matter accumulated in swamps and 
inclosed basins. The vegetal remains became compressed and 
hardened into coal. and 'DOW comprise the rich coal beds of the 
Appalachians. These higher Carboniferous strata do not now 
occur in the Pawpaw-Hancock area, but it is probable that they 
were originally deposited there and that they" have been removed 
by erosion. Beneath each coal bed there is usually a tougq, 

'ilrenaceous bhick shale, which contains the roots of the trees 
that formed the coal and was the soil in which the coal plants 
grew. This shale is generally refractory and is called fire clay. 
Above 1;he.coals is usually another clay or sandstone containing 
16lJ'tes of the trees forming the coal. 

Both marine and fresh-water shells occur in limestones niter
bedded with the coal-bearing strata. indicating that marine and 
fresh-water conditions alternated while the strata were being 
laid <down. The earth's surfaCe over much of the interior of 
the conti~ent must have been pf very low relief, so that ma1'8hes 
of wide extent were alternately submerged and raised. The 
Permian epoch of the Carboniferous is poorly represented by 
sediments in the Appalachian province, and it is probabl~ 'that 
the Paw,paw-Hancock area became dry land before the close of 
Carboniferous time. 

< MEEOZOIC AND LATER TIllE. 

POS'l'-CARBONIFEROUS POLDJNG AND UPLT1I'T. 

The greater part of the folding a~d compression of the pale
ozoic rocks of the Appalachian province took place at the close 
of Carboniferous sedimentation ap.d prior to the deposition of 
the Newark group, of Triassic age. Jncipient folding no doubt 
occurred long before this time and caused irregularities of depo
sition, in various portions of the geologic column, in places 
amounting to the absence of certain beds or'entire formations. 

The.grea,t folding of the Appalachian strata was produced by 
horizontal forces acting tmnsversely'to the trend of the province 
and its structures.' The active force came from the southeast, 
a8 may be determined from the overturned folds,' thrust faults, 
and increase of metamorphism in that di~tion. This force, 
the result of the contraction of the earth, of isostatic adjustment 
of sinking sea bottoms and rising land masses, or of some other 
equally potent Actor not yet understood, prObably accumulated 
during the quiet periods of deposition from Cambrian to Car~ 
boniferous time: At or near the close of Carboniferous time 

the pent-up _ ... were greater than the strength of the rocks, 
and as the fimer underlying .crystalline rocks yielded, the 
newly deposited sedimentary rocks were folded and faulted and 
compressed into about half their original horizontal extent. 
At the same time the interior of the continent was nplifted, 
the bottom of the interioT Paleo:zoic sea was raised into land, 
and sedimentation in this area. ended. The muds, calcareous 
silts, and sands had been compacted and to a large extent 
hardened by their own weight. Compression and folding 
further consolidated them into firm rocks and p~rmea.ting 
solutions in places cemented the particles firmly together. ,Th~ 
pressure modified them by the forroation of cleavage and joint 
planes. In South Mountain and the ~iedmont Plateau, where 
the intensity of the compression was greatest, the rocks were 
more markedly metamorphosed, and their constitution and-tex
ture were materially changed by the growth of new minerals. 

EROSION AND PRODUCTION 011' PHYSIOGlU;PlllC 1I'0RKS. 

Whereas the Pawpaw .. Hanoock area. has Dot been beneath 
the sea since the close of the Carboniferous period lIud. its 
l'OCks have been subject-ed to erosion during .the eJ?ormous 
lapsffi of time to the present, a narrow basin east of South 
Mountain, about 50 miles east of this area, was Hooded during 
Triaasic time, and red a.rkosic sand Rnd silt were deposi,ted in 
it and in similar inclosed basins along the Atlantic coast. 
These depO,its closely resemble the red bed, of the Cat,kill in 
composition and were probably laid down under somewhat 
aimilar conditions. They are marked by ripples, rills, raip
drop impressions, sun cracks, and footprints of great three-toed 
reptiles that walked over the ,oft mud flats. . 

Erosion has not continued· uniformly on the land during all 
this time but has varied in intensity with the change of 
attitude of the land and sea. ... When the land roseJ erosion was 
accelerated; when it halted or Sank, erosion gradually decreased 
or ceased. In the topography of the Pawpaw-Hancock region 
are preserved records of several prolonged halts in the general 
rise of the land that accompanied the removal of the rocks by 
erosion. During these halts the land was worn down more or 
less to a gently sloping, rolling pla.in near sea level, which is 
called a peneplain. 

Schooley (Ju'aIlIJic-Oret<u:eOUII) peneplain.-During Jura .. ic 
time the eastern part of the North American continent, which 
had emerged from and risen above the sea, became nearly 
stationary, and remained so for such a lonp; time that the sur
face of the land in the Appalachian province was reduced by 
erosion to a rolling plain that sloped gp,ntly toWJlrd the sea. 
In the northern part of th~ province o.nly a few ridges and 
peaks, harder or better protected from erosion than the rest, ~ 
stood above this plain as monadnocks. Uplift of the lan~ has 
raised this surface higher above sea level, and it is now found 
emerging from beneath early Cretaceous sediments of the 
Coastal Plain. In the vicinity of the Potomac the smooth 
floor on. which the Cretaceous sediments lie emerges trom 
cover 100 feet above sea and is preserved, to the westward in 
small patches capped by remnants of Cretaceo~ at paJually 
hi~her altitudes, which attain 500 feet elevation at Peach Grove. 
Hill, 10 miles west of Washington. This fragment olthe old 
peneplain floor is the farthest inland remnant in this vicinity 
still capped by Cretaceous. The peneplain is "ot. clearly 
traceable over the Piedmont Plateau as so few remnants of it 
remain in that region, but the "sar:nmit ~f Catoctin Mou~tain, 
Md., the first mountain west of tJie"Pioo.mont, which:is from 
1800 to 1900 feet in elevation, is regarded as representing this 
peneplain. The summits of South Mount~n are also of about 
this elevation near the Potomac, but in southern Pennsylvania 
extensive level tracts on the mountain top, representing the 
peneplain surface, are between 2000 and 2200 feet elevation. 

In the vicinity of the Pawpaw and Hancock quadmngles the 
only remnants of the peneplain are the tops of the high~t 
mountains, compolt.ed of the hardest rocks. the intervening softer 

f portions of its surface having been entirely l'em9ved. There is 
not sufficient evide~ce in these quadrangles alone to warrant 
the .assumption that a penepla"in once existed at the level of th~ 
summits of their hif!;hest mountain, but the long, level-t9pped 
ridges of even heig"t in lldjacent areas afford more conclusive 
prnof. CrOSs and Qove mountains, wl;1ose flat-toT'ped summits 
lie just beyond the northeast corner of the Hancock quad
rangle, and sharp-ci'eeted narrow ridges whose level crests ar.e 
traceable northwar4 for many miles in(]icate that the general 
altitude of the peneplain remnants immediately west of the 
valley and near ~ Potomac is about 2100 feet. It may rise 
as high aii 2450 fee~ farther north, near Foltz, Pa., where the' 
:fiat crest of the moJntain attains this altitude, but this elevated 
summit may be an rnreduced mO~~l:!:dnoclr: rising abo-ve the old 
surface. : . j 

The I;lame"8cho01ey peneplain~ taken from New Jersey and 
eastern Pennsylvariia, where a peneplain, with which the one 
here discussed hjU!: F,enerally been correlated, forms the flat top 
of Schooley Mountain. 

The mountain", 01: the Hancock. quadrangle do not reach the 
altitude of the Schooley peneplain and it has doubti"", been 
entirely obliterated in that quadrangle .. On Cacapon Mountain,. 



in' the .... tern part of the Pawpaw quadrangle, the peneplain 
is well preset'ved, the elevation of its flat top ran¢ng from 
2000 feet to more than 2200 feet at the southern bo-rder of 
the quadrangle. Sideling Hill and Town Hill attain a little 
over 2000 feet elevation at only one or two places, a.nd else
where their irregular crests are much lower, indicating ,that the 
peneplain surface has probably been eroded. Directly wegt,of 
this area also the peneplain level is not clearly defined. 

FroID the foregoing description it is at least clear that the 
plain that once sloped gently to the sea at the close of Jul'1l88ic 
time has been tilted and raised to about 2200 feet elevation in 
western Maryland and Pennsylvania. It was not eleva.ted to 
its present position in one movement, however, for other 
incipient or partial pelleplains on the softer rooks at lower 
levels indicate halts of greater or lees duration in the uplift. 

A succession of many elevated level tracts that fall belo..,. 
the Schooley peneplain in the Pawpaw-Hancoc~ ,.area indicate 
temporary halts of the rising continent. Several flat-topped 
portions of mountains range from 1550 to 1700 feet in eleva
tion j a few broad gaps in the northern part of Meadow Branch 
Mountains and many of the smaller level.:.topped ridges in' the 
area are at 1200 feet elevation. These are probably remnants 
of intermediate erosion plains that are not well defined in this 
area, b'ut the 1200-foot elevation, C()rresponds in a. general way 
with·a plain at Weverton, Md., that has 'bOOn called the 
Weverton peneplain.a That there was a depression- inrthe 
ge~eral ~urface of the SChooley peneplain in the vicinity of 
~he present cou1'Be of, the Potomac that might mark the early 
c~urse of a trunk stream is suggested by the apparent rise in 
the remnants of this surface away from the Potomac. It is 
evident also from the stream gap in Sideling Hill and from 
those in Blue Ridge and Catoctin Mountains near Harpers 
Ferry that !t trunk stream had its course passing these points 
during the early stages of the uplift of the Schooley peneplain. 
The wate~· flowing eastward down the slope of the peneplain 
established a channel which became incised in the plain, and 
although its course over the softer rocks has changed it became 
fixed where it cut through the resistant rocks composing the 
mountains. As the surrounding country became lowered by 
erosion, these hard layers stood out of the general surface 
as ridges through which the trunk stream passed in narrow 
gaps, which have been gradually deepened to their present pro
portions. The deep gap in Town Hill through which Fifteen':' 
mile Creek flows is in line with Sideling Hill gap and suggests 
that the Cretaceous Potomac River had its course through 
both of theee gapa. If such were the case, Town Hill gap 
was abandoned by the river during the formation of the 
Harrisburg peneplain, as· a broad level terrace at 920 feet 
altitude stands: out prominently on both sides of the gap. 
(See PI. IX.) 

HarrUburg (early Tertiary) peneplain.-The best-preserved 
erosion plain in this area forms the floor of the intermontane 
~~s, into which the present stream channels are deeply 
lDCIsed. It ranges from more than 1000 feet elevation at the' 
western border of the Pawpaw quadrangle to 700 feet at the 
eastern margin of the Hancock quadrangle, and descends east
ward down the Potomac to 650 feet on the uplands back of 
fIa~rs Ferry. It forms the surface of much of the Piedmont 
Platea~ a~d passes beneath the early Tertiary strata of the 
Coaatal Plain. It is, therefore, of early Terti1lry age. Ita 
p~ent g~ient is much less than that of the Schooley pene
plam, which shows that the post-Schooley uplift was greater in 
the interior than toward the coast, resulting in the tilting of the 
surface toward thtl sea. ' 

The Harrisb9rg peneplain is fir;tely, d~veloped on a shale 
pla~u at 750 feet altitude in the vicinity of Chambersburg, 
30 mIles northeast of the Hancock quadrangle. Its name is 
derived from its development on a similar plateau still farther 
northeast in the vicinity of Harrisburg. As several lower 
terraces or partial peneplains have been developed on the 
8~~~r rock.s near the larger st~ms, it is not always easy to 
decule ,,1uch of the terraces 10 the Pawpaw and Hancock 
quadrangles belong to the Harrisburg. The problem is fur
~er complicated by the faet that the peneplains rise somewhat 
away from the river, especially along the foot of the mountains 
where gradation was not so complete: ' 

East ?f Third Hill Mountains the surface of the Harrisburg 
peneplam, preserved on the sandstones of the Jennings forma
tion, stands at about 760 feet elevation. The 8.Ofter rocks have 
been reduced below this level, and the unreduced hills of 
harder Oriskany and rruscarora rocke stand somewhat higher. 
This level is also preserved on the higher sandstone ridges in 
the Jennings, Romney, and Catskill, areas bordering the 
Po~om~c east of Hancock. South west of Hancock the pene
plaID nsea 800 and 850 feet. Highland Ridge, Wolf Hill, and 
the southern part of Pious Ridge and associated hiUs stand' 
above this level because the conglomerate bed of the Jennings 
of which they are composed is unusually coarse and resistant 

"Keith, Arthur, Geology of the Ca.tootin belt: Fourteenth Ann. Rept. 
11. B. Gaol. Survey, pt. 2, 1894, p. 888. Clark, W, B., and Ma.ttheW!!, E. B., 
The physical teatures ot Maryland: Maryland. GooL Survey, vol, 6, 1906, 
pp, 87, 88, 
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in theee hilla. The western foothills of Sleepy Creek Moun
tain also were not comple~ly reduced to -this le'Vel, partly 
because of 'their remoteness from the trunk stream and paltly 
because of the aggrading influence of the mountain rivulets. 
In the southeast corner of the Pawpaw quadrangle, the sand
stone ridges of the Jennings formation are over.900 feet in 
altitude, and low broad 'diyicles between higher ridges are at 
this ,elevation. 

All along the eastern side of Sideling Hill, both north and 
south of the river, there is Ii serrated shelf between 900 and 
1000 feet in elevation. The level top and steep front of this 
terrace west of Woodmont on the south bank of Potomac River 
is shown in Plate ill on the illustration sheet. ' West of Side
liog Hill the level hilltops on lbe oandetonee of the Jennings 
and Catskill formations range between 1000 and 1100 feet, 
except close to the river, where they have been eroded lower. 
Viewed from about the levei of this plain (PI. IV on the 
illustration sheet), the ridges appear very uniform in height 
and show clearly their derivation from an approximately level 
plain. A broad cultivated. shelf at an elevation of more than 
1100 feet on the east .side of TowiL Hill is in the distance, but 
is not distinguishable in the illustration'. West of Town Hill 
and Green Riqge the hilltops are between 1000 and UOO fee~ 
but they are less uniform in attitude in the northw03t corner 
of the Pawpaw quadrangle than they are south- of the Potomac 
near Okonoko, where the little-dissected upland surface at 
1000 feet elevation is cut olf abruptly by the river gorge. 

The present intrenched course of the Potomac, its straight 
stretches and ita windings, particularly the great meanders 
between Pawpaw and Orleans Crosstoads, originated on the 
Harrisburg peneplain. As the stream was slowly cutting 
through the resistant'rocks of Sideling Hill the gradient above 
this local base-level dam waS low and the stream meandered on 
the plain. As the peneplain was uplifted and tilted toward 
the sea the Sideling Hill obstruction was worn down, and the 
stream in the meandering portion of the channel began cutting 
aud became gradually intrenched in the circuitous course it 
has occupied ever since. Local changes have since occmred 
in the amount of swinging of the stream, in some places a 
circuitous channel being abandoned for a short cut and vice 
versa. Some of these will be described below. 

If, as previously stated, the Potomac in Cretaceous time 
p.robably flowed through the Fifteenmile Creek gap in Town 
Hill,' it abandoned this course during the Harrisburg stage. 
The river apparently flowed around the south end of Warrior 
Mountain over the shale lowland to the Fifteenmile Creek gap 
and thence directly through S~deling Hill gap. The present 
valley of Potomac River was probably occupied by the waters 
of South Branch which flowed around the south end of Town 
Hill and thus avoided the hard rock: -of that ridge which oper
ated as a local base level to the Potomac drainage at Fifteen
mile Creek gap. South Branch, therefore, was able to cut 
to grade quicker than the Potomac, and a minor tributary from 
the west probably captured the latter stream and deflected its 
waters from the Fifteenmile Creek gap to its present course. 
The high terraces in the gap are well illustrated on the topo
graphic map and in Plate IX on the illustration sheet, but no 
rounded gravels were found on them as e~dence of their pre
vious occupation by the Potomac. They are deeply covered 
by soil containing angular sandstone fragments. 

Below the Sideling Hill gap the stream takee a straight 
course through Tonoloway Ridge until it impinges against 
Cacapon Mountain, where it bends at a right angle to the 
north and passes around the obstruction. Its present course 
was probably not its course on the Harrisburg peneplain, for 
the, stream would not have been deflected by the hard strata 
of Cacapon Monntain but would hav.e made a gap through 
them as it, cut i't$ way down from a higher level. The fact 
that the gap in Tonoloway Ridge through which Tonoloway 
Creek :flows is _wider at the Harrisburg' level than would be 
consistent with ilie character of that stream, and th~, presence 
of an adjacent wide wind gap at 6.50 feet elevation through· 
which the Baltimore pike passes, suggest that the Potomac 
during the Harrisburg stage, after passing through Sideling 
Hill gap, flowed north in the shale valley and thence eastward 
through the Tonoloway' Creek gap or Baltimore pike gap 
which ~re in direct line with the present course ~f the rive; 
below Hancock. The thick capping of coarse gravel on the 
660 to 700 foot hills betweea the gap and Hancock is Sddi' 
tional proof that this course was followed at a later stage, the 
Somerville, when peneplanation reached this level -As this 
change of the Channel of the Potomac to its present course is 

~ more closely associated with the Somerville stage, it 'Will be 
described in connection with that subject. 
. East of Hancock there is no evidence of any marked change 
ill the course of the river in the quadrangle, and it is ,probably 
flowing very nearly, where it was established on the rising 
Schobley peneplain. " 

As waa ,previou.sly stated, the peneplains were fonp.ed near 
sea level and had a gentle incline ~land, so that in the Pawpaw ... 
Hancock area the Harrisburg peneplain was not muCh ,-above 
the sea. Since then it has been elevated to its present altitude. 

8Q......n1le (late Tertiary) terrace.-After the partial elevation 
of the Harrisburg peneplain, the earth movement again halted 
for a prolonged period and erosion once more removed the 
softer rocks along major drainage lines nearly to sea level, p~ 
ducing a lower partial plain bordering the, larger streams. 
This plain is preserved in terraces and level hill tops along the 
valleys of the larger streams, and ranges from 850 feet On the 
western border of the Pawpaw quadrangle to 600 feet at the 
eastern edge of the Hancock quadraugle. - It descends to 525 
feet elevation at Harpers Ferry, and to 500 feet a 'f.ew>miles east 
of Catoctin Mountain, where its surface is covered by gravels, 
probably of Lafayette age. In tracing the plain across the 
Piedmont Plateau to the vicinity of Washington it is seen tQ 
paEJS beneath the Lafayette formation at about 50Q feet eleva
tion, and if the tracing is correct this terrace is Pliocene or late 
Tertiary in age~ Its gradient is less'steep than that of the 
preceding Harrisburg peneplain. 

This terrace has been followed northwar4 into tb~ Mercel'lf" 
burg and Chambersburg quadrangles, where it has 6~ feet 
elevation, and has been described by Campbell no as occurring 
at 500 feet ,in the vicinity of Harrisburg, Pa. Campbell cor
related it with the Is.te Tertiary plain at Somerville, N. J., 
which is named the Somerville peneplain; 

Terraces and flat-topped hills between' 800 and 700 feet ele
vation, bordering the Potomac from Little Cacapon to Little 
Orleans, were part of the Somerville· peneplain and were prob
ably'in part the channel of the river at this .~tage, for at least 
two places were covered with stream gravel. Remnants of these 
higher gravels have been found on the 700 to 800 foot terrace 
opposite Little Cacapon in the southwest corner of the Pa~paw 
quadl1!.ngle and on the 7()()"foot terrace east of, Orleans,l:l-oss7" 
roads. Others ~o doubt exist ·on isolated points or on densely 
wooded hilltops, where they were not observed. 

East of Sideling Hill important changes in drainage seem" to 
have taken place at this stage. The history of the drainage as 
here hypothetically interpreted is as follows: The Potomac, as 
previously stated, is supposed. to have flowed ,north between 
~ideling Hill and Tonoloway Ridg~ to the Tonoloway Creek 
gap, possibly occupying the 75O-foot shelf on the .weet flank of 
To~oloway Ridge, although no evidence of this in the form of 
gravel was obtained. Th~ course of the river east of the gap 
is, however, preserved in the gravel-capped hills at 600 to 700 
feet elevation west of Hancock. 

The antecedent of Great Cacapon River then occupied the 
plain ~st of Tonoloway Ridge and joined the Potomac near 
Hancock. The 7()()"foot gravel-covered terra~ in th~ vicinity 
of Great Cacapon, marking its course tbere, suggest that a 
meander of the stream was cutting into Tonoloway Ridge at 
this point and gradually wore it down, in which process the 
Potomac probably assisted by impinging agailUlt the ridge on 
the west side, just as it now does against Cacapon Mountain. 
The ridge was eventually lowered sufficiently for the Potomac 
to be di~erted into the Great Cacapon channel, and thenceforth 
it followed the course it now occupies between Woodmont and 
Hanc~k. By the impetus of the Potom~ waters *e stream 
was forced to the east side of the valley and has gouged into 
the hard rocks of Cacapon Mountain where it was deflected 
northward. 

Directly east of Hancock the Somerville terral?C, which is 
here about 660 ~eet in elevation, was cut only a short distance 
back from the river and along its main tributaries, because 
erosion was not sufficient to reduce the BflDdstones of the J en
nings below the Harrisburg plain. The Somerville terrace- is 
restricted to the intervening soft shale. Up Sleepy ~1r this 
terrace rises in the quadrangle to an elevation of ~ver 700 feet., 
East of the Meadow Branch Mountains the Somerville terrace 
~as formed over a wide area of the softer Romney ·shale at 
about 600 feet elevation, and thick: river gravels that mantle. 
the hilltops at this elevatiol;l west of Cherry Run mark the 
~oul'Se of the Potomac at this stage. Similar high 'W'Rve1s west 
Qf Mqore Knob. on the north side of the ri~er represent.' t.Pe 
channel of Licking Creek at this stage, and other:~""i>n 
the high terrace south of Indian Springs suggest that a tribu
tary entered 4~e from the mountains to the noitheast. "The 
Somerville terrace is' also well shown in the 'valley of Back 
LTeek, and the low marshy divide at 620 feet elevation at the 
south end of Ferrei Ridge prob~bly marks 'the abandoned 
course o~ Whites Run which, heading on the slope or Third 
J:lill Mountain, seems formerly- to have crossed the two Ori~ 
kany sandstone.ridges. It was apparently captured throug~ 
th~ actirity of Tilhance Creek, which cut down its. channel 
through the soft Romney shale more tapidly and diverted intq 
the new .channel ~round the nortbr end of Ferrel Ridge not 
only WhItes RuD, but aU the d~nage south of Baxter. 

The duration of Somerville peneplanation was not 8S long as 
that of the llarrisburg, and, as has been shown, only ruirrow 
te,!"c" on fuoderately. hard r<!.cks were developed along the 
larger ~treams. After this interval of rest the ~newed ereva
ti01~ of the. interio~ .of the continent and tilting of the plain 
reVIved active erosIon, and many of the softer poltions of the 
So~ervine terrace were removed. . 

"Campbell. M. R., Geographic devt>1opment ot northern Pennsylvania. 
and BOuthern New York: BnlI. Geol. Soc. America, voL 14, pp. 977-296. 
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Quaternar1j drainage mod1jicatiom.-Of the local terraces 
between the SomerviHe and the present flood plain that appear 
along the larger streams, many are covered by gravel, indi
cating minor changes in their channels, particularly in the 
meandering portions. Indications of a noticeable halt in the 
eleyating movement are present throughout the area about 100 
feet below the Somerville stage, but no attempt has been made 
to trace its extent or to correlate it with similar occurrences 
elsewhere. Granting that the Somerville terrace is of Lafay
ette age, the later bench probably correspo.p.ds to the Columbia 
terrace and is of early Pleistocene age. 

A few of the most important of the many local stream changes 
since Somerville peneplanation will be mentioned. The Poto
mac formerly occupied a large oxbow west of Pawpaw, as is 
shown in figure 10 by the open valley leaving the river 1 mile 

FIGURE 10.-Abandoned channel of PotomM River near Pawpaw, W. Va. 

east of the margin of' the quadrangle and, swinging north west 
for 2 miles, returning-to the river dovi'll Purslane Valley. This 
chaunel at the divide is deeply silted to an elevation of ()70 feet, 
but the depth of the floor is not known. The oxbow has been 
abandoned for a shorter and straighter course, but the evidence 
of a cut-off by the overlapping of the meanders of the stream is 
lacking. It -lUIS been suggested by Shaw,a in explaining similar 
high-level channels of the upper Ohio drllinage abandoned in 
the early Pleistocene, that these channels, deeply exca.vated 
during an epoch of active erosion, were choked with alluvium 
,brought in during excessive floods fronl the melting of tlIe 
gia,ciers and possibly also from heavy rainfall, and tllat the bed 
of the stream was raised by this filling until the waters passed 
over a low diyide; afterward, upon a renewal of normal condi
tions and the cleaning out of the channels, the course over 
the low divide became established HS the bed of t.he stream. 
This explanation fits the conditions in tIle Purslane oxbow' 
so satisfactorily that, it is accepted as probably the correct 
interpretation. 

The town of Pawpaw is located in a low amphitheater.;.like 
plain that was once occupied by the river in its lateral swing 
upon leaving the Purslane oxbow. When the latter was 
-abandoned the river tended to straighten its course below, and 
the big bend has consequently moved downstream to its prcs
ent'position, where the impingement of its current on the right 
bank has nearly severed the narrow neck of land at the Balti
more & Ohio Railroad cut and has left a broad alluvial flat on 
the opposit,e side of the bed. 

The river undoubtedly once flowed over the 10,",:_ divide across 
the neck of land south of Little Orleans, whidl is partly 
covered with river gravel, but the rock revealed beneath the 
gravel by the Western Maryland Railway cut demonstrate13 
that if .this short cut was abandoned owinp: to the channel 
being filled with alluvium, in the same way that the change in 
the Purslane oxbow is explained, the early channel was not cut 
as deep as the present river bed. 

A very interesting oxbow cut-off is in process of formation' at 
Johnsons Mill _on Sleepy Creek, 5 miles sonth of Berkeley 
Springs, shown in figure 11. The, creek formerly flowcd in 
the swampy alluvium-filled valley south of its present course. 
The rock cliff on the eastern face of the amphitheater, more 
than one-fourth mile from the present stream, deflected the 
current against the narrow neck of land around which the 
stream used to swing, and ~y combined sapping from above 
and below a narrow gap was cut through the neck, leaving the 
severed portion as a high isolated hill or island. The st.ream 
now passes through this narrow rock gorge with a fall over bed
rock of 8 to 10 feet into a deep pond, from which it turns 
abruptly to the left and flows close under the rocky bank that 

aShaw, E. W., High terraces and abandoned valleys in western Pennsyl
vania.: Jour. Geology, vol. 19, 1911, pp. 140-156. 
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it has so recently cut through. Plate XX on the illustration 
sheet shows tbis featnre to possess not only physiographic but 
scenic interest. 

FIfJ-URE 11.-0xbow cut·oif in Sleepy Creek ut JohIlSons Mill, W. Ya., 
sontheast of Berkeley Springs. tScale, 5 inches equals 1 mile. Contour 
interval, 20 feet.) 

Th6 former uhannel Is shown by heavy dashed lines. The preBent courw was established by 
the stream cutting through the narrow neck o.f' land, where there us at present rapidel in 
the stream, £IS shown In Plate XX. 

At the present time Potomnc Ri vel' and its larger tributaries 
have reached their base level and are widening their channels. 
Most of them ha ve in parts of their conrses broad flood plains, 
which generally fmnieh excellent soil for farm land. The 
smaller streams, except those in the softest rocks, occupy nar
row valleys and ravines and are actively degrading their 
channels. 

MINERAL RESOURCES. 

The mineral deposits of economic value t.hat are found in the 
Pawpaw and Hancock quadrangles are glass sand, cement rock, 
limestone, coal, iron, road material, building stone, brick clay, 
and gra.vel. Of these minerals, glass sand, cement rock, and 
coal have been extensively exploited. 

GLASS SAND. 

Occurrence.-Pure quartz sandstone AIlitable for glass sand 
has lwen mined in the Hllneoek quadrangle for many years. 
The sand is obtained chiefly from the fria.ble white sandstone 
of the Oriska.ny composing the Warm Spring Ridge, which 
runs southwest in West Virginia from Potomac River opposite 
Hancock, :Md. The Oriskany sandstone outcrops at many 
plaeC's in the Hancock and Pawpaw quadrangles but has 
not beeu pr'o\.'ed to be of the quality suitable for glass 'sand 
~xcept in a portion of the Warm Spring Ridge a few miles in, 
length. Northwllrd, in Ma,ryla.nd, it changes to a yellow, 
impure, coarse sand rock, suitable only for building purposes. 
Southward in the ridge it is mined as far as Berkeley Springs, 
the end of the branch railroad, bnt the same character of sur
face rock continues far beYlmd that point, and the land is 
regarded as glass-sand property. 

The Warm Spring Ridp:e quartz sand is ~xceptionally white 
and pure. It is free from silt and other fine detritus, except 
part.icles of milky cryptocrystalline silica, a.nd its particles are 
subrounded and of a uniform size. Thc grains are of medium 
fineness, practically all passing a 40-mesh sieve and 25 per cent 
pllssing a CO-mesh sieve, and are loosely cemented by lime. 
The spring water which issues, from the upper beds of sand
stone at Berkeley Sprinh'1l eontains a small percentage of 
calcium carbonate. At the s'urface the rock is hardened and 
slightly glazed by the solution and redeposition of silica 
between the grains. In depth, however, the rock is generally 
friable, the grains separating readily during blasting or by the 
use of the sledge hammer. 

Mining ind'Ustry.-The oldest mine, which is operated by 
the Pennsylvania Glass Sand Co., is located 2 miles from Han
cock, on the top of the Warm Spring Ridge near its north end. 
Here the ,mndstone beds outcrop in rocky ledges 300 feet 
above the Baltimore & Ohio Railroad track at. the west foot 
of tile ridge. This mine was established before the Berkeley 
Springs branch was uuilt up the Warm Spring V~lley, and 
the only transporrution facilities were by the main line. The 
other mines on the ridge were made accessible by the con
struction of the branch road and have been opened in eom
paratively recent years. The western side of the ridge is 

composed of Heldersberg limestone, through which a tunnel 
had to be const.ructed by the operating company to reach the 
sandstone. The mine is a large open cut, 120 feet deep, about 
] 30 feet wide, and 400 feet long. At its south end is a tunnel 
from which much rock had been stoped, but this method of 
mining has been abandoned and the whole width of the ledge 
is now being worked as an open cut. 

About 130 feet of rock, most of which -is available for glass 
sand, is exposed in t.he quarry. The total thickness of the 
formation at this place is aoout 150 feet. The upper part 
:is: a hard bed 20 feet thick which is not mined, but forms 
the east or hanging wall of the pit. The sandstone as quarried 
varies from pure white to a ereamy color; it is generdlly fine 
grained, but has here and there a coarse bed. Below the sur· 
fiwe it crumbles in quarrying, and the sand is handled largely 
by shove1. Large lumps are readily broken with a sledge 
hammer; the few masses from harder beds that do not yield 
to this treatment and which were formerly thrown aside are 
now put through a crusher. 

The mill is at the river, 200 feet below, which is rooched by a 
narrow-ga.ge railroad. The sand is passed through a roner or 
mull and is then. washed and dried, the product being a pure 
white quartz sand suitable for table, window, and plate glass. 

On the east side of the ridge 8 mines are operated by the 
Pennsylvania Glass ~and Co., West Vjrginia & Pittsbmg Sand 
Co., Berkeley Springs Sand Co., Spier White Sand Co., and 
Foust & Bechtol Sand Co. All are open-cut mines, located 
nellr t.he middle of the eastern slope about 20U'feet above the 
valley. They enter near the base of the sandstone exposure, 
some through a short tunnel in the hard capping sandstone and 
some through a narrow open cut in this stratum; in others all 
the rock is quarried as a wide open cut in the mountain side. 
The cap rock and the stained surface rock produce second
grade sand, but about 90 per cent of the product is of gr'<lde 
No.1 and is reported to contain 98 per cent silica. The very 
choicest sand obtained which is used for the finest cut-glass 
ware, is reported to run 99.8 ·per cent silica. 

Each mine has its mill at the foot of the slope, the mills 
being reached generally by aerial cable tramways. The newer 
mills aTe so constructed that the material is handled la,rgely 
by gravity, passing consecuti\--ely through rock crnsher, mulls, 
screens, washers, and driers to the storage bins or direct to 
the cars. The tailings are deposited in settling yards, and are 
sold for building and railroad sand. 

Some of the purest sand is pulverized in roller mills, of 
which there are two in the area. Here the quartz is reduced to 
a flour for use in the manufacture of porcelain, china, and 
glazed brick. 

A sand mine was opened by the Silica Sand Co., of Pitts
burgh, Pa., on the west side of Cacapon Mountain, 1t miles 
west of Berkeley Spriugs on the road to Great Cacapon, and a 
pit 20 feet wide and 150 feet long was quarried into the face 
of the hill in hard quartzitic sandstones of the Tuscarora for
mation, somewhat stained with iron. The quarry is admirably 
located for handling the product by gravity 500 feet down the 
steep mountain slope to the railroad, where a mill has been 
constructed with the different compartments arranged -in terrace 
form, utilizing gravity in crushing,' washing, drying, and stor
ing the product ready for loading on the cars. The rock, how
ever, is hard, even at the greatest depth in the quarry, and when 
crushed and ground does not separate into /(fains but breaks 
into fragments of various sizes, much being reduced to a 
powder. The product, therefore, is Itot a lligb-~de glass 
sand, and the amount of crushing and grinding -necessary 
ma.ke!3 the cost of production high. The plant has been closed, 
and neither the possibility of its economic operation nor the 
availability of the Tuscarora sandstone as a source of gla$S- sand 
has been demonstrated. 

BTTILDTNG AND RAILROAD SAND. 

Qua.rtz sand suitable for building purpoSf'S, concrete, and 
locomotive use, may be obtained from most of the outcrops of 
Oriskany sandstone in the area 'except those in the extreme 
eastern part, where the formation is largely cherty limestone. 
It may also be obtained for local use from the finer alluvial 
deposits. 

The surface rock and the tamngs from the settling yards of 
most of the glass-sand quarries are used for this purpose, find 
comprise a large per cent '-of their total output. At Hancock, 
on tile Maryland side of the river, the ('oarse yellow Oriskany 
sandstone of Cove Ridge is quaITied for building sand.~ It. dis
integmtes readily at the surface find is dug at the top of the 
hill back of the town and hauled to the railroad, where it was 
extensively used in the concrete work of Ule Western Maryland 
Railway. Similar sand is quarried opposite Grea.t CaCtlpon, 
where the Oriskallyoutcrops in Tonoloway Rid/!.'e, and large 
quantities were used by the Western Maryland Railway during 
construction. The sand is carried by gravity tr&ms from the 
top of the monntain tb the railroad. At sevemf other points 
where roads cross the Tonoloway or Warm Spring ridges shal
low openings have been made and sand has befln extracted for 
local use. 



CEMENT ROCK. 

Cement is made either by burning impure limestone of such 
composition that it makes natural cement, or by burning a 
mixture of non-magnesinn limestone and shale or other argilla
ceous siliceous material, the product of which is called Portland 
cement. 

Much of the Helderberg limestone in this region is sufficiently 
pure and free from magnesium to make good cement mixtures. 
The compact dark-blue or dark-gray beds of this formation 
occur in thick massive layers suitable for quarrying, and 
although most of them are more or less impure, the impurit.ies 
are generally argillaceous and siliceous material that are essential 
to cement mixture. There are usually present in the expo
sures some purer limestone beds that can be utilized if neces
sary to bring the percentage of calcium carbonate up to the 
required amount, and shales of adjacent formations can supply 
ample argillaceous and siliceous material. 

The general composition of the thicker limestone beds may 
be judged from the analysis of the rock from the quarry at 
Hancock, given below. The analysis shows that it is nearly 
free from magnesium and that it contains less siliceous and 
other impurities than are required for cement mixture, so that 
shale would have to be added. The percentage of each would 
have to be determined by careful analyses of each kind of rock 
and by practical tests of the resultant mixtures. 

The Helderberg limestone occurs in several bands that cross 
the Pawpaw and Hancock quadrangles from south to north. 
The areas most readily available for cement manufacture are 
those on the east slope of Tonoloway Ridge and the west slope 
of WanD Spring and Cove ridges near the Potomac. 

Such exposures as those at Lovers Leap, where the rock can 
be handled by gravity and where there is direct transportation 
and a near market, are especial inducemeuts for economic pro
duction of cement, and more remote outcrops of similar rock 
will be made available as railroad facilities are extended away 
from the Potomac. The outcrops in the eastern part of the 
area are mostly remote from railroad transportation and are 
either poorly exposed or contain excessive amounts of siliceous 
impurities. 

Several of the shaly limestones in the Wills Creek shale 
are natural cement rock similar to the water-lime strata so 
extensively worked in New York. These impure limestones 
have been mined and burned for cement for many years at 
Roundtop station, 2t miles southwest of Hancock. The rock 
outcrops on the north bank of the Chesapellke & Ohio Canal, 
and dips on the average 500. The section, showing the beds 
mined, is given in figure 5, page 6. 

The beds worked are 6 to 8 feet thick, and were mined by 
tunnel from the canal bank. Since the beds dip steeply they 
have no lateral extent, so that when the readily accessible 
material was removed the cost of operation rapidly incrcased. 

The Roundtop cement plant was in operation for many 
years prior to 1903 and its product was widely known and used. 
It has been closed for the past few years, largely on account of 
the decrease in demand for natural cement in favor of Port
land, but in part because readily accessible beds of workable 
thickness have been removed and the cost of mining greatly 
increased. The composition of the Roundtop cement rock, 
with an analysis of one of the hest natural cement rocks of 
New York for comparison, is given in the accompanying table. 

Analysis of natural afment roak.'" 

-Round-top, M-d .••.. 1 ~:o:,1 A~:~I F::',1 ::':61 :~81·03~~~I_,~om,::~ 
Rosendale, N. Y. ___ 18.52 6.B4 2.63 25.31 12.18 3B.31 1.43 

"Ec!<el, E. c., Cement, lImes, and p:Q,Ster, 19Of'i, pp. 00!l-009. 

The Wills, Creek shale contains cement beds of variable 
thickness throughout its occurrence in both quadrangles, and 
the distribution of the formation is shown on the geologic maps. 
At no place in the area do the beds appear so favorable for 
cement manufacture as at the Roundtop mines, but this may 
be., largely due to laek of good outcrops, the rock generally 
disintegrating to shaly particles on long exposure. It is 
reasonable to assume that along the strike Of these beds on 
both sides of the Cacapon anticline, in West Virginia and 
Pftnnsylvania as well as in Maryland, cement beds occur in the 
Wills Creek shale equal in thickness and cement properties 
to those at Roundtop. ' 

LUIESTONE. 

Limestone is burned for lime only locally in the Pawpaw and 
Hancock qua.drangles, although much of the Helderberg and 
some of the Cayuga beds are pure enough for this purpose. 

At many places along the limestone outcrops in both of 
the quadrangles the rock has been quarried in small opEnings 
and been burned for field lime. On the upper west slope of 
Cove Rid~e, 1 mile north of the Pennsylvania' State line, a 
yery pure limestone that will mHke an excellent quality of 
lime is obtained from the Helderberg limestone. It should 
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warrant burning for building purp08es and hauling to the 
railroad at Hancock. A mile farther north on the same ridge, 
where Great Tonoloway Creek temporarily enters the quad
rangle. there is a rather large quarry of less pure rock that is 
burned largely for field use. 

At Hancock the dark-blue compact limestone of the Helder
berg, which is burned for local building purposes, has the 
following composition: 

Analysis of Helderberg limestone, Whitmeyer-Bridges quarry. 
.I(ancQck, Md." 

5.65 
2. {l7 
O.Gil 

50.48 
.76 

40.17 

100,81 

The Oriskany sandstone is very calcareous in the eastern 
part of' the Hancock quadrangle, so much so that it is burned 
for field lime at the Licking Creek bridge east of Warren 
Point, at a small quarry 1 mlIe west of Cherry Run, and at 
Tomahawk. The Helderberg limestone is also quarried for 
burning at numerous points in this part of the area, especially 
on the flanks of Moore Knob and vicinity, and in the anticline 
west of' Tomahawk. 

COAL. 

Ocmwrence.--C.oal bas been diligently sought in these quad
rangles, and reports of its occurrence in wells and other 
indefinite places in various parts of the area are common. 
Coal may be expected within the quadrangles 'in only three 
narrow belts which are indicated on the geologic maps by 
the bluish color of the Carboniferous-the Meadow Branch 
Mounulins, Sideling Hill including Spring Gap Mountain, 
and Town Hill. No commercial deposits have thus far been 
discovered, but the Meadow Branch field is now being sys
tematically prospected on an extensive scale by a Pittsburg 
syndicate. 

The coal occurs chiefly in the Hedges shale, but thin seams 
and coal smuts have been observed in the Rockwell formation 
and in the Purslane and -})inkerton sandstones. 

Meadow Bmnch jield.-In the Meadow Brancb field the 
coal in the Hedges shale has been prospected by open pit, 
shaft, and slope. The best-known opening is the Chappelle 
shaft, which is sunk on the lower coal on the west side of Short 
Mountain on the east limb of the syncline, where the beds are 
Yel'tical, and is reported to be 90 feet deep. The following sec
tion was measured by M. R. Campbell: 1) 

Section of coal in the Chappelle shaft, 

[By M. R CampOOlL 1 

OIlaJ, badly mixed with -"late __ 
Olay __ 
Ooal with· two or three irregular partings _ 
Clay __ 
Coal reported but covered wit.h slide __ 

Ft, In 

4 
1 
5 , 

o 6 
11 0 

" 4 

An open pit at this place examined by the writer exposed a 
total width of 9 feet of coal with several thin shale partings 
standing nearly vertical but with a suggestion of close folding, 
indicating a repetition of the bed. At the Nihise:r shaft farther 
south on t.he eastern limb, reported to be 130 feet deep, Camp
bell measured the following section: 

Section of coal in the Nihise1' shaft. 

[By M. R, Campbell.] 

Ft.'ln. 
• 4 
1 4 
4 0 
1 7 
2 0 

18 8 

This is apparently the same coal bed as that at the Ohap
pelle shaft and corresponds very dosel'y with the shaft section 
at that place e,cept in the lower bench, which was reported as 
covered'in the northern shaft. '_At a shallow slope on the west 
limb of the syncline northeast of Whites Gap, apparently on 
this same bed, Campbell measured t.he following badly weath
ered section: 

Seation of coal northeast of Whites Gap. 

[By M. R. Campbell] 

Coal, badly weat.hereo __ 
Clay _____ _ 
Coal, badlyweathered __ _ 

Fe", 
16 
o 1 
o 8 
o 8 
1 0 

, 6 

Just sOllth of the point where the Whites Ga.p trail asceuds 
the mountain the Hunter slope enters at an incline of 350 BE. 
and shows from 3 to 4 feet' of crumblpd (..'Oal with several shale 
partings. The slope is reported, to be 17.5 feet long and to 
show 2 feet of blocky coal at. the bottom. This bed was also 

"Maryland (feCI!. Survey, vol. 8, 1909, p. 435. 
I>Campbell, M. R." The Meadow Brauch coal field of West Virginia: BulL 

U. S, Gro!. Survey No, 225, 19M. pp. 330-344. 

reached by the Rolly s.haft on the east side of Meadow Branch, 
which strnck the coal at 20 feet depth and was drifted east 150 
feet down the slope of the coal, according to reports. 

This coal bed near the base of the Hedges shale has been 
prospected by surface pits at many other places in the Meadow 
Branch field, conspicuously on the trail west of Myers and at 
several places on the road south of the Devils Nose. A some
what higher seam is prospected on the trail from the Devils 
Nose toward the Chappelle shaft. A shaft among the sand
stone debris on the north side of Hedges Mountain at Cherry 
~un gap is probably on the lower coal, which is here over
turned and dips about 600 E. under the Purslane sandstone. 
The black shales interbedded with sandstone, and containing 
thin_ coal seams below the crest of Third Hill Mountain on 
the road east of Myers appear to occur in a local syncline of 
Hedges shale. A prospect in gray shale on the monntain 1 
mile farther north showed no signs of coal on the dump. 

There is a small prospect on the highest coal seam in the 
area in the Pinkerton sandstone near the north end of the west 
side of Third Hill Mountain. Only a crumbled coaly shale 
was found on the dump bere. 

Analyses of coal from the middle bench in the Chappelle 
shaft sampled by Mr. Campbell are given below. In the table, 
sample No.1 represents the run of mine after large fragments 
of shale partings have been removed, and sample No. 2 is 
selected lump coal. 

Analyses of coal samples fj'om the Chappelle shaft. 

[E. T. Allen lUld George Ste4\"er, analyst ... ] 

~-----
Fixe-d carbon __ 

Volatile carbon 
Moisture..:_ 
Ash _______________ " ___ _ 

78.20 
9.00 

1.94 
15.86 

79.M 

11.51 
1.04 
7.81 

--~-
100.00 100.00 

Sulphur __ _ .91 .81 
Phosphoric oxide ~ __ " .04 .02 

Thc fuel ratios of the two samples of coal-the ratio of the 
fixed carbon to the volatile hydrocarbons-are 8.13 and 6.92 
respecti~'ely, and indicate that the coal is a low semianthracite. 

Should coal be found in commercial quantities in this field 
it will find a ready market because of its low volatile properties. 
The coa.l thus far exposed on the eastern limb is too badly 
crushed and mixed with shale to be profitably handled. how
ever, and that on the western limb is too thin and impure. 

SideZin.q Hill area.-Coal occurs at two horizons in the Side
ling Hill syncline. A thin seam of coal in black shale near the 
base of the Rockwell formation is opened by a 30-foot tunnel 
in the north bank of Rockwell Hollow. Only carbonaceous 
shale with thin slivers of, coal and plant remains were found 
on the dump, and the section of the strata could not be seen. 
This seam or its black shale is exposed at many points along 
the crest of the ridge on both sides of the river, but is best 
shown on the road above the Chesapeake & Ohio Canal, where 

, the following section was measured: 

Section of shale and coal at Sideling Hill above Ohesapeake & Ohio Canal, 

Feet. 
Hackly dark shale _____ " 8t 
Thin ooal and shale ___ _____________________________ 1t 

Hackly dark shale and thin ooncretionary sandstone be(l9__ 50 
Dark "shoe peg" shale _._______ 15 
lIard well·bedded shale ________________ ________________ 10 

Thin·bedded ripple-marked sandstonc and shale 
Hard hacldy dark shale ________________ . ________________ _ 
Granular sandstone _____________________________ _ 
Hard dark·gray crumb-Jy shale ___________________ _ 
Massive coarse sandstone. 

The coal is prospected in a small pit at the road and is opened 
by a fiO-foot tunnel below the road. The bed is composed' of 
very thin sheets of slickened coal mixed with black carbona
ceous shale. 

The other coal horizon in Sideling Hill is abo,,-e the heavy 
sandstones of the Purslane forniation. This seam has been 
prospected on the mountain top east of Little Orleans and on 
the upper slope of Sideling Hill gap north of the river. At 
the latter place thc black shale and coal are underlain by a 
tough sandy underclay. North along the crest of Sideling 
Hill this coal streak has been traced at intervals and prospected 
at the roa.d crossings. 

Town Hill.-On Town Hill the lower dark shale is exposed , 
at many places and a coal bloom has been prospected just 
south of the National Pike. On the slopes of Spring Gap 
Mountain the shale is barely exposed and tbe coal was not 
seen. 

Con~Z:usion.-It may be concluded-from general observations 
and from the co~J.ls seen in prospects: and natural exposures that 
commercial coals do not exist in the Pawpaw ,quadrangle. In 
the Hancock quadrangle also,. unless the systematic search now 
going on in the Meadow Branch field proves the existence 
of coal beds less crnshed and less mixed with shale than those 
heretofore reported, the coal field will be of no commercial 
value. . 



IRON ORE. 

Small qua.ntities of iron ore hav€ been mined in this area at 
seveml horizons. The Clinton contains workable beds of 
hematite'in many parts of the Appalachians, but the only 
known oecurrenoe of snch workable ore in these quadrangles 
is in the valley of Sir Johns Run, west of Berkeley Springs, 
where a considerable' amount was dug several years ago. 
Heavy beds of red ferruginous quartzite on the west, flank of' 
Cove and Cross mountains and capping Keefer MountaiuJ,in 
the northeastern part of the Hancock quadrangle, which are 
too siliceous to be worked for their iron ('on tent, represent an 
ore of the Clinton mined elsewhere in Pennsylvania. 

Local deposits of very siliceous iron ore occur at the base of 
the Oriskany in the northeast section of the Hancock quad
rangle. North of Moore Knob scattered fragments of ore, 
mingled with chert from the limestones of the Oriskany, cover 
the surfac'e, and 1 t miles north of the knob a small prospect 
has been opened iu a crumbly, porous, ferruginous sandstone. 
Small pits were also opened in bog iron ore on shale at the 
base of the Romney, 1 mile northwest of Yeakle Mill. These 
seem to be secondary surface deposits, ·probably leached from 
the adjacent Oriskany and deposited in swampy depressions in 
the shale. Probably no iron ores in the area have commercial 
value at the present time, but the highly siliceous ores of 
the Clinton and Oriskany may some day prove economically 
important. 

BUILDING HTONE. 

Building stone for local construction can be obtained from 
most of the formations in the area. Sandstone is the most 
widespread material. Where present in shaly formations, like 
the Juniata, Jennings, and Catskill, it is generally thin bedded, 
somewhat earthy, and soft and can be readily quarried. The 
massive flRndstones of the Tusca,rora, Keefer, Purslane, and 
Pinkerton formations are quartzose and hard and not easily 
extracted in blocks of commercial size. The Purslane sand
stone on Sideling Hill east of Little Orleans 'was, however, 
quarried for use in the construction of bridge piers and tunnels 
for the Baltimore & Ohio Railroad. The softer sandstones, 
especially those of the upper part of the Jennings, were exten
sively used in the construction of the Western Maryland Rail
way, and a large quarry is located east of Millstone. Much of 
the harder rock was crushed for concrete used in the culverts 
and retaining walls and for ballast. 

At several places in the vicinity of Hancock the limestones 
of the Helderberg and Tonoloway are quarried for foundation 
stones, and in former times dwellings were constructed of these 
limestones. Slabby limestone from the Tonoloway is also 
quarried near Hancock for curbing and flagstones, and the red 
sandstone of the Bloomsburg member of tIle Wills Creek is 
quarried for foundations 2 miles northwest of that town. 

ROAD METAL 

The tock best suited for road material in this area is the 
limestone of the Helderberg, Oriskany, Beekmantown, and 
Conococheague formations. Although the roads in general are 
badly in need of repair, limestone is at present not systelllat~ 
icaHy crushed aud used for this purpose. The Baltimore pike, 
where it was destroyed during the construction of the Western 
Maryland Railway, was surfaced in part when rebuilt with 
fine-grained marble from quarries farther east in Maryland. 
In road repairs, shale or soft sandstone from the nearest out
crops or gravel from near-by streams are generally used. 

The longitudinal ridge roads, such as those on Timber, 
Pigskin, Coon, and parallel ridges north of the Potomac antI 
on Highland, Pious, and Horse ridges south of'the river, being 
nearly level, well drained, and made of snale and soft sand
stone, are generally well kept and much used, but the abrupt 
a~ent and descent at their ends makes heavy hauling over 
them almost impossible. The transverse roads are so hilly 
and of so diverse composition that it is impossible to keep 
them in satisfactory condition without frequent repair with 
good road material. The Beekmantown. and other limestones 
of the Shenandoah group, which are extensively quarried just 
east of the Hancock quadrangle, as well as the Helderberg and 
Tonoloway limestones in this urea, can be made available for 
this purpose over large areas at Rmall cost. 

BRICK CLAY. 

Plastic clay commonly used for brick manufacture is not 
plentiful in these quadrangles. A small amount forms the 
subsoil over deeply weathered limestone and shale outcrops 
that are protected from erosion, and some is present in the finer 
alluvium on the river bottoms and terrdces. A thin layer from 
the latter source was formerly dug back of' Hancock, and dry 
pressed brick were manufactured from it, but the supply was 
soon exhausted. The brick plant is now being operated in the 
eastern section of the town, using'shale from the Jennings for
mation. Similar soft shales suitable for brick manufacture 
occur in this and other shaJy formations throughout the arM 
but are not at present used. Tough clays underlying $e"coal 
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beds in the Meadow RTanch Mountains and in" 8ideling HiH 
are probably· £ufficiently refi:actory to make fire brick:; and ·if 
beds'can be found thick enough to be worked they may prove 
of economiwvalae. 

GRAVEL. 

Gravel, composed ehiefly of quartz and quartiite pebbleS; 
occurs in the terrace deposits and alluvium along the Potomae 
and the other large riVeTS of this area bnt has been only locany 
used'fo1"con<creta and road 'repair: A 'gtieat Y8:tiety of sizes' can 
be obtained by screening the coarser terrace gravels, which can 
be handled largely by gravity because of their altitude and 
whieh in most places are conveniently located for transporta
tion. The large deposits on the north side of the Potomac at 
and above Big Pool, those on the hill west of Cherry Run~ and 
those on the high terrace west of Pawpaw are worthy of 
mention. As the demand for gravel in concrete work has so 
greatly increased, the deposits in this area may prove of value. 

SOILS. 

The soils of the Pawpaw and Hancock quadrangles are in 
general derived directly from the rocks beneath or from those 
immediately adjacent. Where the rocks are deeply mantled 
by aHuvium or terrace gravels the wils are independent of the 
underlying rocks. The land immediately adjacent to the hIgher 
mountains i.s largely covered by a deep .sandstone wash. 

The alluvium and terrace soils, where not too stony, are rich, 
light, and loose, and make excellent farm land. They, are 
located in the flat bottoms of the larger strpams and on terraces 
along their sides, not only where terrace deposits are indicated 
on the areal geology maps but also where alluvial gravels not 
thick Pllough nor sufficiently widespread to be mapped are 
'mixed with tIle rock soil and greatly enri('h it. A continuous 
line of farms stretches along the banks of the Potomac and 
the bottom lands of the larger tributaries far back from the 
riYel' where the uplands are but little cultivated. 

The limestones 'weather to deep, rich, red or yellow clay 
soils that generally yield large crops. They comprise only a 
small portion of the area of the quadrangles, and are repre
sented on the map by the patterns for the Helderberg, Tonolo
way, Beekmantown, and Conococheague limestones. Much of 
the limestone soil is impaired by its content of ('hert, sandstone, 
and other detritus. 

A large portion of the soils of the quadrangles is derived 
from formations of interbedded shale and sandstone, such as 
the Jennings and Catskill formations. These sons are prevail
ingly sandy, with frequent "stone breaks" and rock led~es, 
and occupy hilly land with steep slopes, seldom cultivated. 
The more gentle slopeR and terracf'S composed of such rocks 
have proved to be especially suited to fruit culture. The more 
rugged portions are in woodland or pasture. A large tract of 
this land west of Little Orleans, lying on hoth sides of Lower 
Hill and extending to the Potomac, has recently been divided 
into 40-acre tracts, opened by roads, and successfully put on 
the market for fruit f<lrming. 

The Romney, Clinton, Martinsburg, McKenzie, and Wills 
Creek formations generally yield thin clay soils of' fine texture 
but of comparatively low fertility. Because they are easily 
cultivated they are generally farmed and comprise, in fact, a 
large portion' of the cultivated part of the quadrangles. The 
Tuscarora, Juniata" and all Carboniferous formations have 
prevailingly rocky soil, derived either from their own hard 
outcrops or from adjacent sandstone beds, and their steep 
mountain slopes are in general suitable for little else than the 
dense forest growth with which they are ordinarily covered. 

SURFACE AND UXDRRGROUND WATER 

The water rE'Sources ~f the Pawpaw and Hancock quadran
gles lUay be considered perhaps mDst conveniently with respect 
to 'water transportation, \vater power, springs, and other sources 
of domestic supply. 

Water tmn8portaa()n.~The Chesapeake & Ohio Canal par
allels the Potomac River across these quadrangles and much of 
the coal, lumber, and other products of the regions to the west 
is transported over it to the seaboard. The canal, which begins 
at Cumberland, on the Potomac, tunnels a peninsula along the 
crooked part of the river one mile below Pawpaw, and has 16 
locks in the two quadrangles. It passes over many streams by 
means of yiaductS, and at two pl~ces in its lower course spreads 
out into wide lakes 01' pools. Its waters are replenished at 
Great Cacapon by a dam across the river which-'diverts part of 
the" latter into the canal. The canal is used almost exclusively 
for commerce, but a few pleasure cmft seek its placid water and 
heautiful scenery. 

The canal ..,yaS constructed before the Civil War, and in 
former times was the main source of transportation from west
ern Maryland to tidewater. It is now largely supplanted by 
the two railroads that parallel its course and furnish much more 
rapid transportation. 

The Potomac in this ares has many rapids and shallows and 
has too strong a current t.o 1)1> serviceable for navigation but is 
used by pleasure craft. It is crossed by but one highway . 

~tiilge.~IM' qtihIlr.lTl~I~s; [h.t ilnl'anto"k:1\C! "Pawpaw 
Little Orleans, and Cherry Run vehicles'cilt1:fiS'lmHy Cross 'die 
river by~furry: Elsewli~re the riV'er"cal1 bfforded"onij durlng 
low wntl;lr. "' . ".. ,. ': 

Water power.-Many of the fargel' streams and their tl'ibU-: 
tariE'S-are " available for'the developttlent 6fwttter power.' By 
the construction of' dillns and of tunnels thi-ou"i(h rl-eck'~' of land 
waterlgra~"e may be artificially fnererlsed or'coticenttated,'I\"~dlfi 
li1ouI1taifi valleys 'with 'mi"rtdW' otltlets sprln!gr'freshets" may Be: 
.loreiYiw· '''''''vlilrs' .tid \J!ed :fd~ ",,_ M Iiel>ded< .:.,< . 

The only water power at present developed on a commercial 
scale is on the Great Cacapon, 1 mile above its mouth. A long 
narrow neck of land has been tunneled and a 15-foot dam 
diverts most of the water of the stream through the tunnel, 
which is 14 by 10 feel and 234 feel long. A full of 18 feel is 
obtained by this means and an electric plant has been 
installed, equipped to generate over 750 horsepower. Electric
ity is transmitted from this plant to Great Cacapon, Berkeley 
Springs. and Hancock, where it is used in lighting, operating 
sand mines, mills, and in other industries. Small streams are 
dammed at a number of places in the area, and furnish power 
for small ,grist mills and saw mills. The most interesting of 
these small power plants was the one near Ziler Ford, where 
the water of a spring was formerly used to run an overshot 
wheel. 

Spri1'lf!8.~Small" sprin~s are numerous in the mountRin val
leys and ravine~ throughout the area and are locall,r utilized for 
domestic purposes. The small streams issuing from ravines of 
both the mOUll.tains and lower hills, whi('h are in general 
unadulterated spring water, are also used for this purpose. 
An interesting spring is the one at Ziler Ford in the southern 
part of the Pawpaw quadrangle, which, as has been stated, is 
of so great volume that it was formerly used to run a grist 
mill. Its waters issue from the Tonoloway limestone and are 
pure and uncoutaminated, although hard from dissolved cal
cium carbonate, and could supply a large community. At 
Indian Springs, in the eastern part of the Hancock quadrangle, 
is a historic spring on the old Baltimore pike. 

The west flank of Tonoloway Ridge and the east flanks of 
Warm Spring and Cove ridges, where the porous Oriskany 
sandstone dips steeply under impervious Romney shale so that 
water circulating under pressure in the sandstone finds an out
let at the contact, are especially favorable places for deep
seated sprin~s. Some of the springs along these ridges are 
medicinal, sHe'h as the Sulphur Spring 2 miles north of 
Hancock. 

At I{crkcley Springs, W. Va.., springs issue from numerous 
vents at the Oriskany-Romney contact. The four main springs 
have been waIlea up with masonry, and the water bubbles con
tinuously through sand at the bottom into the inclosed pools 
of limpid water. Pipf's lead underp-ound t.o the hathhouses, 
which are equipped with tubs, individual pools, and twO' large 
swi!llming pools 11 bout 20 feet by 80 feet and 4-;- feet deep, 
through which the surplus water flows continuously at its 
natural temperature, 7SO F. For the individual haths the 
water is heated to any desired te~perature by the injection of 
steam. These springs are historic, their use as a health resort 
dating back to Washington's timf'. They were originally owned 
by Lord Fairfax, and in 1776 the tract, of land including the 
sprin.!!; was set apart by an act of the Virginia legislature as a 
health resort under the control of 14 trustees. Washington, 
Lord Fairfax, and other noted men of' their time had cottages 
there. The locality was then r!*ched by the Bath or Wanll 
Spring road, which after crossing the Shenandoah Valley from 
Washington enters the Hancock quadrangle at Hedgesville 
and passes over the hilly country around the north end of 
Meadow Branch Mountains. Residents of many eastern cities 
now visit this resort not only in search of health but for 
pleasure and rest. In addition to its use for bathing, many 
gallons of'the almost tepid water, which is said to be espocial1y 
beneficial to those afflicted with rheumatism and gout, are 
drunk daily by patrons of the spring~. It can hardly be 
regarded as a mineral wat~r, howevel', for a gallon contains 
only 13i grains of mineral matter and small amounts of oxy
gen, ~~rbon-dioxide, and nitrogen gases. The analysis of the 
water as determined for the company is as follows: 

Analysis of water at Berkeley Springs, W. Va. 

[J. H"D;ckson, RIlIIlyst.] 

Iron _______________________________________ .. _. __ 
Calcium carbonate __ 
Magnesium carbonate _____________ 7 __ 

Calcium sulpbate"_ 
Sodium chloride __ 
(,lica ______ _ 

Grains 
pergRllon. 

O,Ii06 

'017 
t"91'i1 
1"098 
.244 
.122 

Total residue" _____________________ "_, __ 18.498 

The high temperature of the water can be accounted for most 
reasonably by assuming that it has come up through the sand
stone from a depth of more than 1500 feet. Most springs of 
the region are formed by the seeping down of surface waters 
from higher levels. The cause of the rise of the water in the 
sandstone and its issuance at this place is not known. The 



.O"':'~~CQIII~;spl'inpba.a"-'1Q1Igltly,~;~, 
15l1O po1loao'I'.N.d"u~ , ":,: ,: '<, 
Oo.er~ of d~ itlflP4i.-'.1n ihiJ")W1io:aud".,u~ 

,'s well as in the rural dislricts in the._ ,water fur d\llll .... iI, 
, pur"""" ill' ol$I~ ffl>m w<dlis, ,.pnnge, aad runniDg .-.,. 
W1UeI:, W ,80 pleP!ilul ~u\l. ~ audbu\lalleJ' J'~lIatl\lot 
deeper ..... di!rgronnd supplies lljIOd nQt 1!e:cot>OIdered.t Ih<! 
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artesi ... ~ter caD be p~ for most Gf the'.yncliDlJl ...... 
PorOl,. ""ndy strata i.icloasd in"impemou. aogillaceona b4lIIs 
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0I>IlI~.,1\li~:t~ 811<1..;.. ...... "d~_,,·oi1"8, 
ttle<!ivi1l8~'''~:lOhars ,the:.poroua fitata ",,\Crop at the 
.... ~; ,:,If ~-.tapt>l'd "", wells, wllter- woUld rise to &0 

elevation ,~diilg or! hy<\rostatijl preoaure in the basin, &lld 
in favOI!)Ible loCatious'might !low at the mouth. of the wells. 
No deep' ,,011\1'" known to have benD ,drilled in the area., 
~;'B~"', Berkeley 13!i1'i~ Groot Cacapon, and 

, P.wl>""l\liiI~,O!Ilyi,Ww'" io the _; and with the exceptio" 
ot~ ~ they .11 depend on:iildivfdual wells 'for 
theirw8lilr wpply.' &callie, of lax: .. nitilry, prooautiono theae 

". roaM~1)ON NAMES AND EQUIVALENTS. 

Pocono. 

wells are likely to be ";'n':min'~ as eertain of the wells ~ 
known to have becpme, and as the town. gl'Ow greati.r C8nl 

m""t be " ... M.ile\; , fI0onerodalR bIYwn"W8U>f .ytit.i ..... will'be 
n_y I '.ibd!i\ed,'HlIneook, ieal priioeDt, planning imch • town 
8Ilpply. AB..;stioted:u'n<ier thepreviouolreadinll',omaU lipringo 
and uneori1J!!liiQ8t,8d: ..... ms {.noioh an' abundant .uppty ,of 
water for·,-ttie:~41"WlItI;'meolir ~ . iii 'very 'iIr~ ,_...; 
and thio$)lp.p1y,i~·,ii~t.t the p,...e,.ttime m, mucbcdan!!Ol of 
ooIitamination.;;f.~ . 

July, 1911.' 
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Jenninp. 

Rouine'y, 

.. · llonte~~ 

Le'WJstown. 
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" Rqckwood. · CaptLpon. 

Tuscarora.. 

J~ta. 
, 

• • Martlus):mrg. 

0 

· 0 · · 0' 

-- Shenando&b.. 

~ 

! 

-.rne.pber.) 
Jennings. ......... ' 

Ohemung. '.,; 

p ....... ' 

Genesee. 

~~ _BMW_~_· __ I __ H_rum_·_'OO_·_' ____ ~1 
~~ ~bI!I'~- Romney. Marcellus. 

~~~- Onondaga.. 

Tuscarora sandstone. 

• ,fuQ.i&ta forlUatlon. 

Stones giver Hrueetone. 
(Not.llX(ioBed.) 

Beeklll&ntown liwestone. 

Conococbeague liAl~oDe. 

Elbrook tonnatl~. 
(NoteK'pOlied.) 

Wa.yneeOOl'O formation • 

Oiinron. 

Tuaearora. 

Martinsburg. 

BbenandoMi. 

(t)ShawangtJDkl!¢t. 

_e, 
Utica. 

Trentop.. 

Black River. 

LoWViIJ.,. 

Chazy., 

Beekm&ntown. 

UpperClIlllbrian. 

• {Not~..-ed.) . Lower Cambrian. , 

L-~_~~ ___ ~T~(~~~~~oo~wn~,i~jme_.~~,, _____ ~ _______ ~ ______ .~'~ __ II' ' 
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GENERALIZED SECTION OF n-iE ROCKS EXPOSED IN THE PAWPAW AND HANCOCK QUADRANGLES. 

Sterile soil, in part covered by wash 

crLlmbly dllrk-grrty car\.>QnaceOlls shale with St.eep wooded slope", Largely covered by wash. 

'""'''"""''" '"'''' I RolUIIg upland and broad valleys. Sort clayey "Oil suitahlc for light farming. 

1000+ Cultivated open valley", Deep Ti<'.b clay "oil. 

-------------- -,--

Open yalleys with low rolling hills. Rich clay soil, 8tony and ;;hall' In plac~"_ 
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U. S. GEOLOGICAL S U R V EY 
GEORGE OTIS SMlTH, DTRECTOR 

PLATE I. POTO MAC RIVER ABOVE CACAPON MOUNTAIN . 

W EST VIRGINIA-MA R YLAN D 
PENNSYLVANIA 

PAWPAW AND HANCOCK QUADRANGL ES 

PLATE II .-POTOMAC RIVER GAP IN SIDELING HILL, FROM PROSPECT ROCK ON CACAPON MOUNTAIN . 
Looking west f rom the Silica sand mine on Cacapon Mountain. Sideling H ill 2:ap in the d istance; Tonoloway Ridge on the right. A remnant of the Hanisbure: peneplain fo rms the terrace to the leU of the gap. Tonoloway Ridge on the left and long oxbow of 

Great Cacapon River in the middle foreg round. High te rraces shown on both 5ides of the river. 

PLATE III .- T H E 900- FOOT TERRACE WEST OF WQODMONT. PLATE IV. POTOMAC RIVER AND LEVEL-TOPPED RIDGES NEAR MAGNOLIA, W. VA., FROM SIDE LIN G H ILL. 

Looking" west. Side li ng Hill gap in the distance. The terrace is the remnant of the Harrisburg peneplain shown in Plate II. The ridges preserve remnan ts o f the Harrisburl! peneplain. Town HIli in the d istance. 

PL"TE V.- WALL-LiKE OUTCROP OF KEEFER SANDSTONE ME MBER O F THE 
Mc KENZIE FORMATION . 

Top of kno ll at Fluted Rocks, east of Great Caca pon 

PLATE VII I. - EADES FORT, ON GREAT CACAPON RIVER . 

The river has cut into these hard sandstone rocks and separated this mass from the 
main boo'y of Tuscarora sandstone form ing Cacapon Mountain at the right. De tails 
of str1,lct~rt' shown in Plate VII. I 

PLATE VI .- PURSLANE SANDSTONE CLIFFS, EXPOSED ON THE DEV ILS NOSE BY 
MEADOW BRANCH NEAR NORTH END OF SLEEPY CREEK MOUNTAIN . 

The beds are nearly horizontal in the bottom of the sync line. 

PLATE V II.- DETAILS OF THE STRUCTURE IN THE TUSCARORA SANOSTONE 
CLIFF AT EADES FORT WEST OF CACAPON MOUNTAIN. 

Horiwntal beds at the ril;!' ht connect the minor overturned an ticl ine at the left with the major 
anticl ine of Cacapon Mountain to the rili?:ht of the view, as shown in Plate VIII. 

PLATE IX .- H IGH TERRACES AT THE GAP OF FIFTEEN MILE CREEK IN TOWN HILL, FROM TOP OF KEENAN RIDGE. 

Level top of Keenan RIdge in the foreground and other level terraces and ridges in the midd le I;!'round are remnants of the Harr isburg peneplain. Sideling Hill in the distance. 
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WEST VIRGINIA-MARYLAND 
PENNSYLVANIA 

PA WPAW A N D HANCOCK QUADRANGL ES 

PLATE X . GENERAL VIEW OF FLUTED ROCKS, NEAR MOUTH OF GREAT CACAPON RIVER. 

lookin2' north. The reSIstant beds a re the Keefer sandstone member of the McKenzie formation. The folds ale largely 
concealed by summer/oliage. 

PLATE XII. - CLOSE LY FOLDED THIN -BEDDED CRYSTALLINE LIMESTONE AND SHALE 
O F THE Mc KENZIE FORMATION. 

In the We.tern Maryland Rai lway cu t opposite Great Cacapon. looking north. 

PL ... TE XIII . RECTiliNEAR JOINTING IN SANDY SHALE OF THE JENNINGS 
FORMATION . 

In southwestern part of Hancock quaj,:!.n] l" \ I -2 miles west 01 S~o:krs Crossroads. Looking 
dO/m onthlsuriaceofah'''Iontal bed. 

PLATE XV. - CREEP IN ROMNEY SHALE. 

Ex posed in Western Maryland Railway cut northwest of Great Cacapon. The near ly vertica l beds ha.e 
been bent to ~5° E. dip by the creep of the surface layers down the westward slope. 

PLATE XVIII .-PECULIAR M4.RKINGS RESEM BLING BURROWS IN THE FINE MUD 
ROCK OF THE WILLS CREEK SHALE. 

E'posed in the Western l,1 aryland Rai lway c .. t I mile ea;t of Great Cacapon Narrow light· 
colored bands or/il led c'lan'lels lead diai!0na ll ydown ... ard a:rosst hemud·rodlayer 

\C'a kno:lycontorted calcareous layer. 

PLATE XI. DETAIL OF THE MOST PROMINENT ANTICLINE AND ADJACENT SYNCLINES OF THE FLUTED ROCKS ON GREAT CACAPON RIVER. 

PLATE XIV. DETAILS OF STRUCTURE OF THE FLUTED ROCKS, ON GREAT CACAPON RIVER, AS SEEN IN THE LATE FALL UNOBSCURED BY FOLIAGE. 

PLAn: XVI. - SUN-CRACKED CALCAREOUS BEDS OF THE 
WILLS CREEK SHALE. 

At mouth of cement·rock tunne l, Potomac, Md., 20 miles west of th is area. 

PLATE XVII._ SYMMETRICAL ANTICLINE OF BLOOMSBURG RED SANDSTONE MEMBER OF THE 
WILLS CREEK SHALE. 

I" bank of Chesapeake &. Ohio Canal east of cl:j cement worh at Roundtop, Md. lookin;:: 1\00th 

PLATE XIX._ CROSs...BEDDING IN THE SANDSTONES OF THE ROCKWELL FORMA
TION EXPOSED IN MEADOW BRANCH AT THE NORTH END 

PLAn XX. - RECENTLY FORMED CUT-OFF ON SLEEPY CREEK AT JOHNSONS MILL. 

lookine: downstream th,ou;::h the rock cut o.er which the stream is now falling into the ponded 
waters of the oli channel 

OF SLEEPY CREEK MOUNTAIN. 
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I __ . Gents 
Llvmgston Montana 25 
Rmggold Georgia Tennessee 25 
Placervllle Califorma . 25 
Kmgston Tennessee 25 
Sacramento . California 25 
Chattanooga. . Tennessee. 25 
Pikes Peak Colorado. 25 
Sewanee '. 
Anthracite-Orested Butte . 
Harpers Ferry 
Jackson 
Estillville 
Fredericksburg 
Staunton. 
Lassen Peak 
Knoxville 
Marysville. , 
Smartsville 
Stevenson. 
Cleveland 
Pikeville. 
McMinnville. 

Nomini. I 
Three Forks, .... : : : : : 

Loudon. 

Pocahontas . .. .. .. .. .. .. .. .. .. ·1 

Morristown 
Piedmont 
Nevada City Special 
Yellowstone National Park 
Pyramid Peak. 
Franklin. 
Briceville 
Buckhannon . 
Gadsden 
Pueblo. 
Downiev;i1le 
Butte Special .. 
Truckee 
Wartburg. 
Sonora. 
Nueces . 
Bidwell Bar. 
Tazewell . 
Boise. 
Richmond. 
London, 
Tenmile District Special. 
Roseburg 

~i~y;~:es ... : : : : : : I 
Absaroka. ' 
Standingstone . 
Tacoma 
Fort Benton. 
Little Belt Mountains 
Telluride 
Elmora. 
Bristol. 
La Plata .. 
Monterey 
Menominee 
Mother Lode 
Uvalde. 
Tintic Special . 
Colfax 
Danville 
Walsenburg 
Huntington 

. . . . . . . . . . ! 

* Order by number. 

Tennessee. 
Colorado. 
Va.-Md.-W.Va. 
California 
Ky.-Va.-Tenn. 
Virginia-Maryland 
Virginia-West Virginia. 
California 
Tennessee-North Carolina. 
California 
California 
Ala.-Ga.-Tenn. 
Tennessee. 
Tennessee. 
Tennessee. 
Maryland-Virginia 
Montana. 
Tennessee. 
Virginia-West Virginia. 

25 
50 
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25 
25 
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25 
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25 
25 
25 
25 
25 
25 

Tennessee. 25 
West Virginia-Maryland I 25 
California : : : 5
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0 

Wyoming 
California . . . i 25 
West Virginia-Virginia .... I 25 
Tennessee. 
West Virginia . 
Alabama. 
Colorado. 
California 
Montana. 
California 
Tennessee. 
California " 
Texas 

! ;~ 
25 
25 
25 
25 
25 
25 
25 
25 

California 25 
Virginia-West Virginia. . 25 
Idaho. 25 
Kentucky 25 
Kentucky 25 
Colorado. 25 
Oregon. 25 
Massachusetts-Connecticut. 25 
California 25 
Wyoming. 25 
Tennessee, 25 
Washil1gton 25 
Montana. . 25 
Montana '. 25 
Colorado .. 
Colorado. 

Virginia-West Virginia. 
Michigan. 
California 
Texas 
Utah' 
California 
Illinois-Indiana 
Colorado. 
West Virginia-Ohio. 
D. C.-Va.-Md. 
Colorado. 
West Virginia. 
Oregon, 
Indian Territory .. 
Tennessee, 

25 
25 
25 
25 
25 
25 
50 
25 
25 
25 
25 
25 
25 
50 
25 
25 
25 
25 
25 

t Payment must be made by mQlley order or in cash. 
t These folios are out of stock. 
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160 I 
161 
162 i 
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~165 ' 

S166 I 
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Name of folio. 

Hartville. I Gaines. ... .. 

Elkland-Tioga .. , ...... I 

Brownsville-C9nnellsville . 
Columbia. 
Olivet. 
Parker. 
Tishomingo 
Mitchell 
Alexandria. 
San Luis. 
Indiana '. 
Nampa. 
Silver City. 
Patoka. 
Mount Stuart . 
Newcastle. 
Edgemont. 
Cottonwood Palls. 
Latrobe 
Globe. 
Bisbee 
Huron 
De Smet . 
Kittanning. 
Asheville. 
Casselton-Fargo 
Greeneville 
Payetteville 
Silverton. 
Waynesburg .. 
Tahlequah. 
Elders Ridge . . 
,Mount Mitchell 
Rural Valley 
Bradshaw Mountains. 
Sundance 
Aladdin. 
Clifton 

Mountains 
Muscogee 
Ebensburg .. 
Beaver. 
Nepesta . 
St. Marys 
Dover 
Redding 
Snoqualmie 
Milwaukee Special .. 
Bald Mountain-Dayton 
Cloud Peak-Fort McKinney. 
Nantahala . 

Devils Tower, 
Roan Mountain , 
Patuxent 
Ouray 
Winslow 
Ann Arbor. 
Elk Poipt 
Passaic 
Rockland 
Independence , 
Accident-Grantsville. 
Franklin Furnace. 
Philadelphia. 
Santa Cruz 
Belle Fourche. 
Ab€rdeen-Redfleld . 
El Paso 
Trenton .. 

~ 168 : Jamestown-Tower. 

: ~ ~~ ,I :::~~~~~:~~~:~~:~~bUrg. 
~ 1 71 Engineer Mountain 
§ 172: I Warren. 
~ 175 I Laramie-Sherman 
~1'l4 I Johnstown. 
§51?5 1 Birmingham. 
§ 176 Sewickley. 

§.l T7 I' Burgettstown-Oarnegie 
'§ 1 78 Foxburg-Clarion 
~ 179 Pawpaw-Hancock 
§ l~~Claysville 

State. 

Pennsylvania 
Idaho-Oregon 
Idaho. 

. Indiana-illinois 
Washington 
Wyuming-South-Dakota . 
South Dakota-Nebraska. 
Kansas. 
Pennsylvania 
Arizona. 

Arkansas··Missouri 
Colorado. 

Pennsylvania 25 
Ariz,ona. 25 
Wyoming-South Dakota. 25 
Wyo.-S. Dak.-Mont. 25 

California 
Washington 
Wisconsin 
Wyoming, 
Wyoming. 
North Carolina-Tennessee. 
Pennsylvania . 
Wisconsi n-Iowa-Illinois 
Pennsylvania 
N. ·Carolina-S. Carolina 
Missouri-Kansas 
Maine 
Wyoming 
.Tennessee-North Carolina 
Md.-D. C. 
Colorado. 
Arkansas-Indian Territory 
Michigan .. 
S. Dak.-Nebr.-Iowa 
New JerseY-f'!"ew York 
Maine 
Kansas 
Md.-Pa.-W. Va .. 
New Jersey. 
Pa.-N. J.-Del 
California 
South Dakota. 
South Dakota . 
Texas 
New Jersey-Pennsylvania. 
North Dakota . 
New York. 
Pennsylvania 
Colorado. 
Pennsylvania-New York 
Wyoming 
Pennsylvania 
Alabama. 
Pennsylvania 
Pennsylvania ......;: I 
Penhsylvania . . . . I 

::~~:;l~a:;:a. . . : : i 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
50 
25 
25 
25 
25 
25 
25 
25 
25 
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25 
25 
25 
25 
50' 

\:i These folios are also published in octavo form. 
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-Ci~c~J;rs showing the loca.tion of the a,rea cOl"ered by any of the abol"e fqlios,' as well iLS information concerning topographit; maps and other publications of the Geological Survey. may be had 

on application to the Director, United States Geological Survey, Washington, D. C. 




