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GEOLOGIC ATLAS OF THE UNITED STATES. 

lJ:\"ITS OF SrnVEY AND OF rUBLICATlOX, 

The Geolop;ieal Survey is making a top0f!:l'ilphie and a geo
logic Htlas of the United States. The topogl'uphie ntlas will 
cOllsist of lIlllPS cHlled aU(u; s/u:ell1, and the geologie HtlllS will 
com~ist of culled Each folio 1m·Judes topogrnphic 

mapfl a certain four~8irled arc:], called u. fjuad-

Ot' mot'e than one such Hrea, and a text describing its 
topographic awl geologic features. A quarlrangle is limited by 
ptl,l'allels and mer-idialls, not by political boundary litles, such 
u" those of Sill,feB, count.ies, all.t! township.'l. Each quadrangle 
is named from H town or a natural feature within it, lind Bt 

the sides and eOl'lWTS of each map are printed the llI11neS of' 
adjacent quadrangles. 

BUALES OF 1'HE M.L\PS. 

On a map ura\vn to the seale of' 1 inch to the mile a liw:>ar 
mile on the ground would be represented by a linei'll' inch on 
the lllap, and eaeh square mile of the ground would be repre
sented hy I'l square inch of the map. The Hcal(, may beexpJ'essed 
also by a frHctioll, of which the Ilumemtor repre1:lents a unit of 
lineal' meH8ure all the map and the denominutor the eorre
spoll(ling number of' like units all the ~routJd. Thus, as tllf're 
a.rc 63,aGO inches in a mile, the scale 1 inch to the mile il'l 
expressed by the fradion ii,I.1-,", or the ratio 1:G:3,3DO. 

Thc three seales most commonly llsl!d on the stamlHrd 
maps of the (h~ologieal ~urve'y are 1: ;U,GHO, 1: G:!,500, and 
1 : 12fi,OOO, 1 inch on the mHp corre1:lponding approximately 
to one-half mile, 1 mile, and 2 miles on the ground. On the 
scale of' 1 ::n,OHO a square inch of map surface represents 
uiJont one-fourth of a square mile of eluth slufuce; on thc 
scule of 1: 02,500, about 1 square mile; and on thc seale of 
1: 125,000, about 4 square miles. In general a standar(l Iuap 
on the seale of' 1: 120,000 represenbl one-fourth of' a "s{l'wre 
degree"-that is, oue-fburth of uu area tlleatlul'ing 1 dt'gree of 
latitude by 1 degree of' longitude; one on the seule of 1 : 62,500 
represents onc-sixteenth of 11 "squarc degree"; and onc on t.he 
scule of 1::n,(:j80 represents one-sixt.y-fourth of' a "square 

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

the latitude, a. "square dcgree" in the latitude of Bostoll, for 
examplc, being ouly ;1,525 square Illiles and OIW in tile latitude 
of Galveston being 4,150 square miles. 

l!'EATCUE8 8HOWX OK THE TOI'OUIL\PIIJ() .l\L\PS. 

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

pluins, plateaus, valleys, hills, and lllouutains, whidl collec
tively make up the relief of the area; (2) bodies of Winer, .':lllch 
as Btreams, Jakes, tidl:ll flats, and thf' ~:Wll, which 
colloetively nwkc up the (:)) sueh works of man as 
roads, railroads, buildings, villages, and citics, ,dlieb collec
tively arc known <IS culture. 

Rdi(f-i'I,.1l altitudes are measured f'l'Otll tlJeall Hea level. 
Tile hcip;llts of lllany points have het'u ac(~urately deterlliined, 
and thoeJe of SOHle al'e given on the Illap ill ligul'cs. It is 
de1:lirable, however, 10 show the altitude of all parts of t.he m'en 
mapped, the fi)l'1u of t.he surfilCe, Hnd tlle grade of all slopes, 
This is done by contour lines, printed in brown, f'Heh l'epre
seJltinf!; a certain height aboyc sca lt~\'el. A eontoul' on the 
ground paSHes througl~ POillltl tlwt huye thl~ SllIlle Hltiw(h,. 
UI1(~ who follows a contour will go neither uphill 1101' downhill 
but on it level. The manner in which coutour lines express 
altitude, form, and slope is shown in figure 1. 

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

The view represents a river valley betwcen two hills. In 
the foreground is the sea, with a bay that is partly inclosed by 
a hooked sHnd bal'. On each side of the valley is a terrace. 
The terrace on tile right merges into a gentle upward slope; 
that on the left m"erges into a"13teep slope tha.t passes upward to 
a cliff, or scarp, which contrasts with the gradual slope back 

from its crest. In the map each of these features is indicated, 
directly beneath its positi.on in the view, by contour lines. 
Thi.s map doel:l not include t.hc distant part of the view. 

As contours are continuous horizontal lines they wind 
smoot.hlyabout smooth surfaces, re('ede into ravines, and pro
ject around spurs or prominences. The relations of contour 
curves and angles to the form of the land can be seen from 
the ma p llnd sketch. The contour lines show not only the 
shape of thc hills Hud valleys but their altitude, us well as the 
steepness or grade of all slopel:l. 

The vertical distance represented by the space between two 
sucl'eHi:li\Tc eontour .lines-the contour interval-is t.he same-, 
whcther the contours lie along a ciiff or on a gentle slope; but 
to reach a given height on a gentle slope one must go fart.hel' 
than on It 8teep slope, and therefore contours are far ap11,rt on 
gentle slopes and neal' together on steep slopes. 

The cont.oUl" interval is generally uni.form throughout a 
single map. The relief of a fiat or gcntly undulating coullt.ry 
can be adequately repre8ented only by the 11se of a small con
tour int.erval; that of a steep or mountainous countl'y ('all gen
erally be adequat€ly represented on the same seale by the use 
of a largcr interYal. The smallcst interntl commonly used on 
the atlas sheets of the Geological Survey is 5 fe~t, \yhieh is 
used fol' regions like the Mississippi Delta and the Dismal 
Hwam p. An illterval of 1 foot hus been used Oil some lurge
seale lllaps of very fiat HreflH. On mapl:l of more rugged ('OUll
try (~ontonr intervals of 10,20,25,50, and 100 f'f'd are ll.'·wd, 
and on maps of ~reat mountain masses like those in Colorado 
the interval may be 260 feet. 

In figUJ'e 1 the coutour interval is 20 feet, and the con tonI' 
lines therefore repreHent ('on tours at 20,40, GO, and 80 feet, and 
so on, above mean sea lcvel. Along the contoUl' at 200 fcet lie 
all points that are 200 feet above the sea-that is, this contour 
\vonld be the shore line if t118 sea were to rise 200 feet; along 
the contour at 100 feet are all pointl:! tllat are JOO feet above 
the sea; and so 011. In the space between any two contoltl's 
a.re all points whose altitudes are above the lower tHHI below 
the higbf'r COlltonr. Thus the contoUl' at 40 feet full13 just 
below the edge of t.he tenace, and that at 60 feet lies abovc tile 
terrace; thcrefore ull points 011 the terraee are Rhown to be 
more than 10 but less thlm 60 feet above the sea. In cllis 
illu.':ltratioll Hll the cont.our lincs are numbered, but. ou most of 
the (;eological Survey's maps only certain ('ontour lines
say every fifth one, \vhich is made slightly heavier-are num
bered, fo!' the heighti:l shown by the others may be learned 
by counting up or down from thcse. 1\1ore exact altitudes 
fot' lllilll)' points Hre given in bulletins publil:lhed by the 
<3eolof!;ical ~urvey. 

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

Cutture.-8ymbols for the cultural features and fa!" public
land land liIlf~S and other boundary lines, as ,veIl as all the 
lettcring and the map projection, are printed in bluck. 

FlilATUHE8 SIlO'YS ON THE GlilOLOGIC ..\TAPS. 

The maps representing the geology show, by colors and 
conventional signs printed on tile topographic Illap as a base, 
the dist.ribution of rock masses on the suriilce of the land 
and, by meuns of struetUl'e sections, their unuel"b'Touud rclu
tions so far as known, in such detail as the scale pcrmits. 

KINDS OF ROCKS. 

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

Igneous rocks.-Rocks that have cooled and eonsoJidated 
from a state of' fusion are known as igneous. l\101ten matcrial 
has from time to time been forced upwa,rd in fissUl'es or chan
nels of various shapes and sizes through ro('ks of all ages to 
or nearly to the surface. Rocks formed by the consolidation 
of' molten material, or magma, within these ehannels-t,hat is, 
below the surface---are called intrusive. An intrusi ve mass 
that oceupies a nearly vertical fissure which has approximRtely 
parallel walls is called a dike,. one that fills a large and irreg
ular conduit is termed a stock. Molten material that traverses 
stratifi((d rocks may be intruded along bedding planes, forming 
masses taIled sillfJ or sheets if they are relat.ively thin and 
laccoliths if they are large lenticular bodies. :Molten material 
that is inclosed by rock cools slowly, and its component 
minerals crystallize when they solidify, so that intrusive rocks 
are generally erystalline. Molten material tha.t is poured out 
through channels that reach the surface is called lava, and 
lava lllay build IIp volcanic mountains. Igneous rocks that 
have solidified at the surface are called extl"ustve or 
Layas generally cool more rapidly than intrusive and 
eontain, especiully in their outer parts, more 01' less volcanic 
glass, produced by rapid chilling. The outer parts of lava 
flows are also usually made porous by the expansion of the 
gaS8tl in the magma. ExplosiollB due to those gases may 
accompany volcanic eruptions, causing the ejection of dust, 

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

Sedinwnlm'y rocks.-Rock.., composed of the transported 
fragments or particles of older rocks that haye undergone 
disi.ntegration, of volcanic material deposited in lakes and seas, 
or of mat.erial deposited in such bodies of water chemical 
precipitation or hy organic action are termed ,,"<rll<inw:ry. 

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

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

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

The surftce of the earth is not immovahle; over regions 
it very slowly rises or sinks with reference to the.sell, and shore 
lincs are thus changed. As a result of upwllrd movement 
marine sediment.ary rocks may become pllrt of the blld, and 
most of our land surface is in fact composed of rocks that were 
originally deposited as sediments in the sea. 

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

31damorphio 1'ocks.-In the course of' time and by yarious 
processes rocks may become greatly changed in composition 
and texture. If the Hew characteristics are more pronounced 
than the old the rocks are called metamorphic. In the process 
of metamorphism the chemical constituents of a rock may 
entcr into Ilew combinations and certain substances may be lost 
or new ones added. A complete gradation from the primary 
to thc metamorphic form may exist within a single rock mass. 
Such changes transform sandstone into quartzite and limestone 
into marble and modify other rocks in yarious ways. 

From time to time dmillg geologic ages roeks that have been 
deeply buried and have been subjected t.o enormous pressure, 
to slow movement., I'lnd to igneous intl1lsion haye been after
w<lrd raised and later exposed by erosion. In such rocks the 
original structural features may have been lost entirely and 
new ones Sll bstituted. A system of' parallel planes along which 
the rock can be split most readily may have been developed. 
This acquired quality gives rise t.o cleavage, and the cleavage 
pluues may cross the original beddin~ planes at any angle. 
Rocks characterized by cleavage are called slates. Crystals of 
mica or other minE'rals may have grown in a rock in parallel 
arrangement, causing laD?-ination or foliation and producing 
what is known as schistos"ily. Hocks that show schistosity 
are called schi8ls. 

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

GEOLOGIC FOltMATIONS. 

For purposes of' geologic mapping the rocks of all the kinds 
above described are divided into formations. A sedimentary 
formation contains between its upper and lower limits either 
rocks of uniform character or rocks more or less uniformly 
varied in character, as"for example, an alternation of shale and 
limestone. If the passage from on.e kind of rocks to another 
is gradual it may be necessary to separate two contiguous for
mat.ions by an arbitrary line, and t.he distinction between SOUle 
such formations depends almost entirely on t1e fossils they 
contain. An igneous formation contains one or more bodies 
of one kind of'rock of similar occurrence or of like origin. A 
metamorphic formation may consist of one kind of rock or of 
several·kinds of rock having common characteristics or origill. 

[CoIltiIlued Oil illslde back cover.] 



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

AGE OF THE FornfA'l'JONR. 

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

The sedimentary formatiolls deposited during It geologic 
period are called a Tile principal divisions of a system 
are called series. aggl'egatf' of fOl'mationc less than a 
series is ('alled a group. 

As sedimenhll'Y deposits accumulate sll(Tf'ssively t.he younger 
rest Oll the older, and their relative ages nwy be det.ermined hy 
observing their positions. In mallY regions of intem~e disturh
ance, howevel', the beds have been OVf'rllll'IlPt\ by folding or 
their relations to adjaeellt beds ha VEl heen ehanged by faulting, 
so that it may be diilieult to determille tlit'ir relative ages from 
their present poeoitions at tlw surfa(·p. 

Many stratified l'oeks eontain thl' rcmains or imprints 
ofplallts and animals which, at tillle the strIJta were depos-
ited, lived in bodies of ,,,ater or were ,,,ashed into them or 
were buried in surficial deposits on the land. Sudl rocks are 
said to be fossilifl·rous. A study of these fossilR has shown 
that the forms of life at eaeIt period of the earth's history ,yere 
to a great extent different frolll the forms at other IJeriods. 
Only the simpler kinds of marine plants au (I animals lived 
whell the oldest fossiliferous rocks \\'er(' df'JlOsited. From time 
to time more complex kiuds deyeloped, and as the simpler 
oues lived on in modified forlU:'; life became more varied. But 
during each period there liyed forms t.hat did not exist in 
earlier times and have not existed since; these are c/wNlCferi,dhJ 
types, and they define the age of imy bed of' rock in which 
they are found. Other types pasH(~d on from perio(} to period 
and thus linked the systems together, forming a ehain of life 
from the time of the oldf'st f08silifcrous rocks to tlw present. 
If two sedimentary fOl'lUatiolls are geogl'aphieally so fitr apart 
that it is impossible to determine illf'ir relative positiolJ!::l the 
characteristic fossils fOllnd in them lIlay deterllline which was 
deposited fhst. FossilH are also of vHlue in determining the 
age of formations ill the l't'giolls of intense di,':lturhuuee men
tioned above. The fU8:::lils found in the btl'Hia of' diilPl'ellt areas,' 
provinces, and eOlltineilts afford the mOHt effedive means of 
comhining loeal histories into n. gell{Jnd elilth history. 

It is ill lUallY places diiiieult or illlpo:,lHible to determine the 
age of un igneous fOl'lUation, bllt th(~ 1't-'ltttinJ of sudl a 
formation can in general he Hscel'taiued by wheth('r 
an associated sedimentary forlIllltion of known age i8 eut by Lbe 
igneous mass or lies upon it. t'illlilarly, the time at whicb 
metamorphic rocks were formed f]'()lll the originH 1 IlWSSt'S wily 
be shown by their relations to adjaeent fiH'lIlUtiOll8 of known 
age; but the uge recorded 011 the lllap is that of the original 
masse!:l HtlllllOt that of their metamorphism. 

Symbols, 00lU1'S, and paltm'us,-Eaeh fornmtioB is shown on 
the map by h distinctive comhination of' ('0101' an(l pattern and 
is labeled by Ii special letter symbol. 

Patterns composed of ptlrallel straight lilles are used to 
represent sedimentary formations deposited iu the ill lukes, 
or in other bodies of stawling W<lter. PaU0J'l)S dots and 
circles represent alluvial, glaeial, and eolian formations. Pat
terns of triangles and rhomht'! are u1:led for igneous formations. 
Metamorphic rocks of unknown origin lire represented by 
short dashes irregularly placed; if the roek is sehist the dashes 
may be arranged in wavy lines parallel to the stl'ueture planes. 
Suitable combination patterns are used for llwtamorphie torma
tions that are known to be of' s(~dilllentar'y or of igneolls origin. 
The patterns of each class are printed in Val'iOlU:l ("olol's. The 
colors in whieh the pat.terns of parallel linetl are priuted indi
cate age, a particular eolo1' Leiug assigned to e;wh system. 

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

The names of' the geologie time di visionl:l, arnmged in order 
from youngest to oldest, and the eolor lllld sYlllbolllssigned to 
each system are given ill the subjoined table. 

Geologic time di'l)isiu'll;; wwl symbo{1J anil GUlOI·1J rlss<!ln,.d 10 (he rut'k SysteJlM, 

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

q,och or "~ries I ~,~l\-i~~~~~~~~'~~~~' 

DlWELOPM..ENT ANI) SllU';U'lCANCE 0(" fo,UltFACE 1'01DII:l. 

Hills, valleys, and all other surfiwe forms have been pro
duced by geologic proce!::lsf's. Most valleys are the l'esull of 
erosion by the streams that flo\\ through them (see fig. 1), 
and the aUuyial plain!::l that border many streams were built 
up by the streams; waves cut sea diffs, and wan's aud currents 
build up sand spits and l)llrs. Surt~lCe forms tlms constitute 
part of the record of'the history of' the earth. 

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

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

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

'map. ~ The map showing the surface areas 
sevt~I'HI formations is called an areal-geology 

map. margin is an explanation, which is the key to 
the map. To aseertain the meaning of any color or pattern 
and its letter symbol the reader should look for that color, 
pllt.tern, and symbol in the explanation, where he will find 
till) name and description of' the formation. If he desires to 
find any particular formation he should examine the explana
tion and find itH name, eolor, and pattern find then trace out 
the areaH on the map corresponding in color and pattern. 
The explanation shows also parts of the geologic history. The 
names of fonmltions are arranged in columnar form, grouped 
primarily a('conling to origin-sedimentary, igneolls, and meta
morphil' roc·ks of unknown origin~and those within earh 
group are placed in the ordeI' of age, the youngest at the top. 

.E."(;oltoJnic-geuZuyy '/(utp.~The IlIap represelJting the distribu
tion of Uflf'f·ul Illint'nds and ro('ks and sbO\ving their relations 
to the topogrnphie features l-Illd to the f!;eologic formations is 
termed t}l(~ ('(:o'l101nic-ge%,qy '/1lap. Most of the formations 
indicatt'd OIl tllt' areal-grology map are shown on the f'conomic
geology nlllp by patterns in f~lillter colors, hut the areas of 
productive f()rmatiollH are emphasized by strOJlg eolOl's. A 
mine symbol shows thp loeation of each mine or quarry and 
is f{ceotllpallied by the IlHme of the principal mineral product 
milled or quarried. If there Ilre important mining industries 
or artesiall basins in the area the folio includes special maps 
showing these additional economic feHtures. 

SlructU'I'p-stcliun ~lieet.~The rt'lations of different beds to 
one another lllay bp 8(Wn in ('Iiifs, canyons, shafts, and other 
llatural aJHl artilieial enttillg8. ..\ll)' cutting that exhibit;,:; these 
rf'lations is ('alled n section, an (I the snlllc tprlll is applied to a 
diagrfllll reprebf'llting the relations. The arrangement of t.he 
beds or masscs of rock in the earth is eallerl siructu1'e, and a 
section ~howillg this urrangement is called a structure section. 

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

The geologi1lt is not limited, however, to natural and al'ti
fieial cutt.ings for his information concerning the earth's struc
ture. Knowing the tmmner of formation of roeks, after tracing 
out the rt"lation8 of the beds on the surface he can infer their 
relative positions beneath the surfaee and can draw sect.ions 
representing the probable structUl'e to a considerable depth. 
Such a section is illustrated in figme 2. 

Shalys .. ndatone 
glomerate, 

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

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

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

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

The plateau shown at the left of figure 2 presents toward 
the lower land fin esearpment, or front, made up of sandstone, 
whieh forms the diffo:l, and shale', which forms the slopes. The 
broad belt of lower land is tra versed hy several ridges, w hieh, 
as shown in the sedion, correspond to the outcrops of a folded 
bed of' sandstone that rist:'s to the suritwe. The upt.urned 
edges of thi., bed form the ridges, and the intermediate valleys 
follow the of limestone and caleUl'eOIlS shale. 

'Where the of the bed" appear at the surface their 
thickness can be measured and the angles at which they dip 
below the surfiLCe ean be observed, and by llleaDS of these 
ohservations their positions underground are inferred. The 
direction of the intersection of the surfaee of' a. dipping bed 
with a horizontal plane is called its strike. The inclination of 
the bed to the horizontal plane, llleasured at right angles to 
the strike, is called its 

In many regions the are bent into troughs and arehes, 
such as are seen in Hgure 2. The arches are ealled ant£clines 
and the troughs 8!1ncfilles. As the materials that formed the 
sandstone, shale, and lilllestone were deposited heneath the sea 
in nearly fiat layers the fact that the beds are now bent. and 
folded shows thttt forces have from time to time eaused the 
earth's crmlt to wrinkle along certain zones. In places the 
beds are broken across and the parts IHlYe slipped past each 
other. Such breaks are termed fnults. Two kintls of faults 
are shown in figure 4. 

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

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

The section also shows three sets of formations, distinguished 
by their underground relationt'!o The uppermost set, seen at 
the left, is made up of beds of sandstone aud shale, \vhieh lie 
in a horizontal position. Thece beds were laid down under 
water but are now high above, the sea, forming' )j plateau, and 
t.heir change of' altitude show!:l that this part of the earth's 
surface has been nplifted. The beds of' this set are con
formable-that is, they are parallel and show no break in 
sedimentation. 

The next lower set of' formations consists of beds that are 
folded into arches and troughs. The heds we,re onee contin
uous, but the rrests of the arches have been removed by erosion. 
These beds, like those of the upper set, are conformable. 

The horizontal beds of the plateau rest upon the upturned, 
eroded edges of the bedl:l-of the middle !:let, as shown at the left 
of' the section. The beds of the upper I:let are evidently 
youllger thall those of the middle set, whieh must have been 
folded and eroded between the time of their deposition and 
thHt of the of the upper beds. Tht' upper beds al'e 

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

set of formations consists of erystalline s(·hists 
and igneous rocks. At SOHle period of'their llistory the schists 
were folded 01' plicated by pressure and intruded by masses of 
molt.en rock. The overlying beds of the llliddle set have not 
heen tra ver:::led by these intrusive roekH nor ha \'e they been 
1Jffected by the pressure of the intrusioll. It is evident that 
l"ousideraLle time elapsed between the formation of the sehisls 
and the beginning of the deposition of the beds of the middle 
!::let, and during this time the schi8ts ,vere metamorphosed, 
disturbed by the intrusion of igneous musses, and deeply 
eroded. The contact between the middle and lowest sets is 
another uneonformity j it marks a period of' el'osion between 
two periods of deposition. 

The section and landscaJ5e in figure 2 are ideal, but they 
illustrate actual relations. The sections on the stnwture
section sheet are related ttl the maps in much the same way 
that the sQction in the ligure is related to the landsctl pe. The 
profile of the surface in E:'ach structure seetion conesponds to 
the actual slopes of' the ground along the section line, and 
tile depth to any mineral-producing 01' water-bearing bed 
shown mll,y he measured by using the seale given on the lUHp. 

Culumnm' seetion.~Many folios include a culurltnal' sectiun, 
which contains brief descriptions of' the sedimentary formations 
in the quadrangle. It shows the chameter of the roeks as well 
as the thickness of' the formations and the order of their accu
mulation, the oldest at the bottom, the youngest at the top. It 
also indicates intervals of' titHe that correspond to e~'('Hls of' Ilphft 
and degradation and constitute interruptions of deposition. 

THB Tl1JXT (n~ 'l'HEJ EOI~l(J. 

The text of the tolio Htates briefly the relation of the area 
mappf'd to the general region in which it ,is situated; points 
out the salient. natural featul'es of the geography of the area 
and indicates their significance and their his1.ory; considers 
the cities, towns, roads, raiiroa(ls, and other human features; 
describes the geology and the geologic history; and shows the 
character and the lo(·ation of the valllable mineral deposits. 

G}:Og(+E Ons t)M1TlJ, 

January, 1924. Director. 



DESCRIPTION OF THE COATESVILLE AND WEST 
CHESTER QUADRANGLES 

INTRODUCTION 
LOCATION AND AREA 

The Coatesville and West Chester quadrangles are 14 miles 
west of Philadelphia, between parallels 39° 45' and 40° and 
meridians 75° :30' and 76°, They include one-eighth of a 
"square degree" and cover an area of about 458 square miles. 
This area embraces portions of Delaware, Chester, and Lancas
ter Counties, Pa" and New Castle County, Del., hut is chiefly 
in Chester County. It sustains a population of nearly 130,000, 
of whom about one-half live in the principal towns-Wilming
ton, Del., and Coatesville, West Chester, Parkesburg, Kennett 
Square, Oxford, 'Vest Grove, Christiana, Atglen, and Avon
dtile, Pa. The quadrangles take their names from the two 
largest towns, Coatesville and West Chester, 88 find 30 miles 
respectively west of,Philadelphia. (See fig. 1.) 

FIGURE i.-Index map of southeastern Pennsylvania" Delaware, and parts 
of adjacent States 

The locatlono( the Coate.villeand We8~ Chester quadrnngles lashoWll by darker mUng (No. ~28). 
PubUshed folios describing other qnl1drnngles, indicated by lighter ruling, Include Ncs, 10, 
IIarpers Ferry; 13, Fredericksburg: 23. NOllllul; 70, Washington: 186, St, Mary~: 1&7. Doysr; 
152, Patuxent; 162, PhUadelphlA: 1m, Trenton; 170. Mercersburg-Ohambersburg: 182,Chop
t!lJlk; 004, ToJchester; 211. Elkton-Wilmington: 22~, Fairfield_Gettysburg. 

CLIUATF., V.EG:E'f .. ~TION, AND CGLTURE 

In the Coatesvil1e-\Vest Chester district the rainfall is 
normally f!mple, reliable, and equably distributed throughout 
the year, an ideal condition for rrops. The winds blow pre
vailingly from the north and northwest during the winter, 
spring, and autumn and from the south and southwest during 
the sum mel'. Climatic records have been kept at West Chester 
and Coatesville for periods ranging from 25 to 71 years. 
These records show a mean annual temperature of about 52°, 
with a range from 130 to 1070 ; a mean annual rainfall of 49 
inches; and a growing season ranging from 150 to 222 days. 

The vegetation of the Coatesville-\Vest Chester district is 
diyersified and vigorous. The early forests have disappeared, 
but the district is well wooded with trees of second growth, 
among which are oaks in great variety, hickory, cbeatnut, 
\va.lnut, beech, birch, maple, ash, locust, poplar, tulip tree, 
sycamore, linden, pine, hemlock, and cedar. Neat dwellings, 
spacious barns, and cultivated fields interspersed with woods 
create a pleasing landscape. The district is devoted to farming 
a,nd dairying. The farm products are chiefly corn, oats, wheat, 
and other grains and potatoes. Much land is utilized,as pas
hnes for Holstein, Jersey, Guernsey, and other cattle. Milk 
is carried bv a.utotrncks to the numerous local creameries or 
shipped by ;'ail to Philadelphia. 

The culture of mushrooms and carnations is extensively 
developed in an area which has been called the carnation belt 
and which inclndes West Grove, Avondale, Toughkenamon, 

. and Kennett Square. The Chester loam, combined with" fish 
egg" lime sand and manure, makes a fertile soil for carnations, 

1 All the de3criptions are by F. BasC'oIll exc<'pl those of the Paleozoic 
~ediJUent.8 and their hiRf,ory, which are by G, 'V. StORe. 

By F, Bascom and George 'l\', Stose 

which are grown in greenhouses and shipped chiefly to Phila
delphia. West Grove is said to have the largest rose-growing 
establishments in America, 

Good dirt roads, hard-surfaced main highways, trolley lines, 
a.nd excellent railway facilities are cultural features of the dis
trict. The Lincoln Highv"ay traverses Chester Valley. The 
four tracks of the main line of the Pennsylvania Railroad fol
low Chester Valley with a branch 'line to 'Vest Chester and 
another from Pomeroy through Avondale; the Philadelphia, 
Baltimore & \Vashington line (~Iaryland diyision) passes 
through Wilmington, and another line of the Pennsylvania 
system (central division), with a West Chester branch, passes 
through Chadds Ford, Kennett Square, Avondale, \Vest Grove, 
and Oxford. A narrow-gage road formerly connected Oxford 
with Peach Bottom on the Susquehanna and with Lancaster. 
The Baltimore & Ohio Railroad and the Wilmington division 
of the Philadelphia & Reading Railroad also traverse the 
district. 

Trolley lines connect West Chester with Philadelphia, with 
Downingtown, Coatesville, Parkesburg, and Atglen, and with 
Lenape, Kennett Square, Avondale, and West Grove, but 
some of' them are not no'w operating. Kennett Square, Hockes
sin, and Wilmington also are connected by'trolley. 

Aside from Wilmington, which lies partly in the Wilming
ton quadrangle, adjacent on the south, Coatesville and West 
Cheater are the two largest tOWllS. 'Vest Chester, on a rela
tively high and level upland, is primarily a residential borough 
of over 12,000 inhabitants. It is the capital of Chester County, 
the seat of a State normal school, and the center of a flourish
ing agricultural district. It contains extensive nurseries and 
other minor industries. Coatesville Borough, in Chester Val
ley, with a rapidly increasing population, now over 14,,1)00, 
is an industrial center containing iron and steel works, boiler 
works, steel-plate mills, and brass and iron foundries. 

APPALACHIAK HIGHLANDS 

GESERAL CHARACTHR 

The Coatesville and West Chester quadrangles lie within the 
major physiographic division known as the Appalachian High
lands: A consideration of the geographic and geologic char
acter of this division will aid in a, thorough understanding of' 
the history of the district. 

The Appalachian Highlands extend from the Atlantic Plain 
on the east and south to the Interior Pluins on the west and 
north. They have been divided into well-marked provinces 
that form northeast-southwest belts, distinguished by character
istic rock formations, geologic structure, and topography. In 
the latitude of' Pennsylvania these provinces are from 'west to 
east (1) the Appalachian Plateaus, comprising the Allegheny 
and Cumberland Plateaus; (2) the Appalachian Valley and 
Ridge prodnce, comprising a southeastern group of valleys 

PWURE 2 -Map of the northern Appalaehian Highlallds showing physio. 
gruphill divisions and relations to Coastal Plain 

and a northwf'stern succession of narrow ridges and valleys, 
lying between the eastward-facing escarpment of the Allegheny 
Plateau find South .Mountain and t.he Reading Hills, the con
tinuation in Pennsyh'ania of the Blue Ridge; (3) the Blue 
Ridp;e proviuc'f'; and (4) a group of' plateaus which, stretching 
away eastward and merging into the Coastal Plain, constitute 
a broad upland known flS the Piedmont province. The Coates
viJ]e-\Vest Chester district lies entirely wit.hin the Piedmont 
pl'oyincE', on its southeast ·border. (See fig. 2.) 

Geo,graphy.-The Piedmont province, which owes its name 
to its location at the foot of the Blue Ridge, merges on the 
northeast with the New England province. On the southwest 
it is terminated in Alabama. and Georgia by the Gulf Coastal 
Plain, and on the east it is bounded by the Coastal Plain. 
The province has a mean width of 60 miles and a maximum 
width in its central portion of 120 miles. 

The boundary between the Piedmont province and the 
Coastal Plain is defined in most places by a well-marked 
change in topograph'Y and geology. Topographically the 
change consists generally in the abrupt transition from an 
upland of diversified relief to a rela.tively smooth lowland. 
Geologically there is a transition from hard crystalline rock to 
gently dipping bf'ds of unconsolidated clay, sand, and gravel 
of far more recent age. The formations of the Coastal Plain 
overlap the eastern border of the upla,nd and in some districts 
extend far within the upland. 

The eastern margin of the Piedmont province is everywhere 
marked by a decrease in the gradient of the streRms that pass 
from upland to plain. So numerous are the falls or rapids at 
the margin of the upland that this boundary has been called 
the "fall line." Actually' the" fall line" is a zo~e of appre
ciable width. North of Roanoke River the Coastal Plain is 
deeply embayed, and east of the" fall line" naVigable streams 
flow into tidal estuaries, thus affording good shipping facilities; 
west of the" fall line" the streams cease to be navigable' and 
occupy narrow, rocky channels. South of the Roanoke the 
"fall line" gradually rises in altitude until in the Carolinas 
and Georgia, although falls and rapids still mark its location 
and furnish power for factories, it lies considerably higher than 
the tide limit. 

The position of the "fall line" at the head of' navigation 
and at the source of water power has been so far dominant in 
determining the location of the large cities of the Atlantic 
States that a line passing through liew York, Trenton, Phila
delphia, Wilmington, Baltimore, 'Vasbington, Fredericksburg, 
Richmond, Petersburg, Raleigh, Columbia, a.nd Macon is 
closely coincident with the "fall line" and in gen€1'al marks 
the boundary between Piedmont Upland and Coastal Plain. 

The Piedmont province is separable into two sections-the 
Triassic Lowland and the Piedmont Upland. The lowland is 
a narrow belt of country in the northern and 'western part of 
the provincE', underlain by relatively soft Triassic sandstone 
a.nd shale, It. is in general a. less rugged country than the 
upland section but exhibits the same topographic features, 
though less strikingly. The Coatesville and West Chester 
quadrangles lie wholly within the Piedmont Upland, which is 
the dominating section of the Piedmont province. 

There are certain general features common to the entire 
Piedmont region which make it a topographic unit: it consists, 
in brief, of a succession of gently sloping uplands of succes
sively lo'wer altitude, dissected by relatively narro,,, valleys 
and diversified by residual eminences (monadnocks) rising 
above the general level. If the va.lleys were filled, the uplands 
would be converted into'a seriES of more or less undulating 
seaward-facing terraces, sloping gently eastward and southeast
ward toward the Atlantic. These terraces resolve themsehes 
into several dissected upland plains or slopes representing either 
old peneplains or other topographic features produced in the 
early stages of peneplanation. Their character and history is 
narrated under" Geologic history." 

Geoloyy.-The rocks of the Piedmont province comprise 
metamorphic schists and gneisses of Archean and Algonkian 
age and associated intrusiye iglleous rocks; schists, quartzites, 
and limestones of Cambrian and Ordovician Hge, with associ
ated igneous intrusives; and Triassic conglomenltes, sand
stones, and shales, 'with associated igneous intrusi ves. 

The most ancient pre-Cambrian rocks, the Archean, are 
metamorphosed sandy and clayey sediments with rare limy 
beds. These rocks have been intruded by igneous material 
and also minutely injected by such material, 'which has pro
duced a layering or fine banding, and they have also been 
folded and intensely metamorphosed. They are known in the 
PEmnsylva.n~a-Maryland region as Baltimore gneiss and Frank
lin limestone. Upon the eroded surface of this ancient com
plex there was deposited, in Algonkian time, a second series of 
sandy, clayey and limy beds, tog~ther with local hut extensive 



flows of lava. All t.hese rocks have been closely folded and 
highly metamorphosf'd, being now represented by gneiss, schis
tose quartzite, marble, aut! schist. They are, moreover, in 
plflces int.ricat.ely ill vaded and injected by granit.e and are 
cut hy large and s!llHll nlflsses of igneous rocks-gabbro, 
diorite, peridotite, and pyroxenite, the last two altered in most 
places to serpentine. 

Upon the erode-d and submerged surface 

Mine ~idge 

2 

well-defined upland;, which is the remnant of the youngest 
peneplain, the Bryn Mawr. To the west, in the Coatesville 
quadrangle, the Bryn Mawr peneplain rises to an altitude of 
560 feet. Although larger areas of this peneplain are pre
served than of the older peneplains, it is everywhere sub
maturely dissected. The dissection, distributed through more 
than one erosion cycle, has produced a gentle slope from 
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ance have markedly influenced the courses of the subsequent 
streams. 2 

In apparent contradiction to what has been said, the best
defined valley and most marked topographic feature of the 
district is not a transverse valley but one that extends north
eastward, parallel to the trend of the geologic formations. 
This is Chester Valley, a straight, narrow lowland between 

Cochranville 

Lincoln 
Univ~sio/ 

of these ancient pre-Cambrian formations was 
dep08ited, in Paleozoic t.ime, a thick series of 
sandstones, shales, and limestones, ,,,hich in 800' 

t.urn underwent deep burial, cl08e folding, 
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metamorphi8m, and in places injection by 
granitic magma. Thus these rocks, like those 
of the pre-Cambrian, are now in this region 
represented by quartzite, micaceous schist, 
phyllite, and marble. To the west, however, 
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these rocks are progressively less folded and University Egg"HiII 
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les8 altered, and they constitute the under-
lying rocks of the western portion of the 
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Appalachian Highlands. In Triassic time, '---__ ----'---__ ---''-----_-------'3 'MILE:$ 

after uplift, erosion of the Paleozoic rocks, B 
and resubsidence of the land, red sandy and 
clayey sediments were deposited, and in places 

FlffFRE S.-Projected profiles Mross the Coatesville quadrangle, showing remnants of Harrisburg and Bryn Mawr peneplains 

mas-ses of lava were poured out and the rocks 
A, From Mine Ridge ncar northwest cOrner of qUlldrangle to Lincoln University; B, from Lincoln University to and beyond Egg Hill, in the Elkton quadrMlgle 

were also invaded by sills and dikes of basalt. 
On the extreme easteru border of the Piedmont province 

and in scattered areas neal' the eastern border the crystalline 
rock floor is concealed beneath unconsolidated beds of gravel, 
sand, and clay that were deposited along a former coast line 
during Cretaceous time. A thin covering of sand and gravel 
of late Tertiary and Quaternary age, left by erosion in scattered 
areas, overlaps these forma.tio~s. 

TOPOGRAPHY 
RELIEF ~\~) S-UIU'ACE FORMS 

The Coatesville-'\Vest Clwster district is OIl the southeastern 
border of a low dissected, upland that slopes southeast\vard and 
does not possess a high relief. The highest hill, which reaches 
860 feet above sea le\'el, is in the north west cornel' of the dis-

, trict; the lowest land lies in the extreme southeast, where 

400 to 200 feet, the Brandywine berm, and a steep descent 
from 200 feet to less than 100 feet at the bottoms of the 
master gorges, representing Pleistocene and Recent erosion. 
(See fig. 4.) The battle of the Brandywine took place on the 
Brandywine berm. 

DRAINAGE 

The streams of' the district are tributary to Delaware and 
Chesapeake Bays through Delaware, Elk, and Susquehanna 
Rivers. Somewhat over three-fourths of t.he district drains 
through Delaware River; Ridley and Chester Creeks, on the 
east, empty directly into that stream; Brandywine Creek, 
which has the largest drainage basin in the area, and Red Clay 
and -White Clay Creeks empty into the Delaware by way of 
Christiana River. Big Elk and Little Elk Creeks, which 
drain the southwestern border of the Coatesville quadrangle, 
form Elk River, which empties into Chesapeake Bay. 

West Che8ter Dilw"orlht.own 

the North Valley and South Valley Hills, in the northern 
part of the Coatesville quadrangle. This valley is remark
able in the fact that it is not occupied by a master stream 
but is crossed by transverse 8treams, whose minor tributaries, 
flowing northeast 01' southwest, share Chester Valley but have 
not made it. The floor of the valley exactly conforms to 
the outcrop of formations composed of limestone; the North 
Valley Hills consist of hard, resistant quartzite, and the 
South Valley Hills are composed of fairly resistant mica
quartz schist; the valley floor has no stream gravel or other 
alluvial deposit, its slopes show no terracing, and tile valley 
abruptly terminates to the northeast and the southwest where 
the limestone disappears. These phenomena indicate that 
Chester Valley does not owe its origin chiefly to stream 
cutting but to the differential weathering, with transportation 
by minor streams, of an uplifted peneplain, presumably the 
Honeybrook. 

J HarYB'y.Run 
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FIGURE 4.-Project.ed profile across the West Chester quadrangle through West Chester to Edgemoor, shOwing Bryn Mawr peneplain, Brandywine berm, and Pleistocene erosion slopes 

Bra'ndywine Creek leaves the district in a valley only 20 feet 
abo\'8' sea level. There is a total relief, therefore, of 840 feet, 
sufficient to produce rugged and picturesque scenery in the 
neighborhood of the main drainage lines, with nearly level or 
gently undulating interstreall1 areas. 

The country owes its present aspect to remnants of a number 
of peneplains and berms that are described in the section 
on physiography. No vestige of the older of these pene
plains-the Kittatinny-Schooley-is pl'e8erved in the Coates
ville and West Chester quadrangles; the Harrisburg and Bryn 
Mawr partial peneplains domin~te the landscape. The Harris
burg is preserved in the northwestern part of the ,"Vest Chester 
quadrangle at 500 to 590 feet. The relaiively high, slightly 
rolling country of the central southwestern portions of the 
Coatesville quadrangle preserve8 the Harrisburg peneplain at 
altitudes of 600 to 620 feet. Cochranville, Hayesyille, and 
Oxford are located 011 it. .From this prevailing level the 
Harrisburg rises to 700 feet in the higher summits of t.he South 

Ha.znorton 

Octoraro Creek, the East Branch of which drains the extreme 
western border of the Coatesville quadrangle .. empties into 
Susquehanna River about 9 miles above its mouth. 

None of these streams are navigable; all of them flow in 
rocky channels. Brandywine Creek has an average flow of' 
279 cubic feet a second. 

The eight streams have in common four striking characteris
tics: (1) they pursue southeasterly, southerly, or southwesterly 
courses, transverse to the trend of the geologic formations, and 
thus pass from soft to hard rocks, through which alike they 
have cut their channels; (2) they all flow in terraced yalleys
that is, they occupy gorges which are sunken in wide V-shaped 
valleys -which are in turll cut in still wider shallow valleys 
(see fig. 5); (3) the main stream channels are more 01' less 
meandering, although at present the gradients are sufficient for 
vertical corrasion; (4) the tributary streams, on the other hand, 
flow in somewhat angular courses. ThF)se four features l'eveal 
a sequence of geologic events, of' wpich they are the direct 

.Bran.4YH(ine creek 
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FIG-URE 5.-Cross section of the valley of Brandywine Creek from Hnmorion to DilworthtOWIl, showing stream terraces 

Valley Hills and to 800 feet in the extreme north west corner of 
the quadrangle, where it asC'ends toward the crest of' a low arch 
which warped the Harrisburg peneplain at the time of the up
lift and deformation of the Bryn 1\1awr peneplain. (See fig. 3.) 

These remnants of an old peneplain are controlled in location 
and in form by the geology of the district-that is, they con
form to the outcrop on the penepJain surfaces of the most resis
tant of the underlying rock formations, for it is to the resistant 
character of the rocks that they owe their preservation during 
later periods of erosion. 

The dominant level upland of the \Vest Chester quadrangle 
rises from 400 feet along the Pennsylvania-Delaware boundary 
line to 460 feet in the central and northern portion8 of 
the quadrangle. Unionville, Dilworthtown, Thornton, Mar
shallton, Rocky Hill, and West Chester are located on this 

result. The southerly courses and the independence of rock 
structure are due to the original southwesterly tilt of the 
uplifted peneplains, which determined the direction of stream 
flow, and to the masking by planation, 01' concealment by 
sedimentation, of the underlying discordant rock structure, so 
that the courses of the streams became fixed early in their 
history. The terraced valleys are due to successive accelera
tions of valley cutting consequent upon slight uplifts of the 
peneplains. The meandering main channels are due to the 
original deficiency of slope of the uplifted peneplains. 

In the angular COUl'>3es of the tributary streams is seen that 
adjustment to rock structure which later subsequent streams 
are likely to reveal. The well-defined joint systems, or sets of' 
parallel planes of parting, strike N. 75° E. and N. 400 E., N. 
100 W. and N. 45° W., and by furnishing lines of least resist-

GENERAL GEOLOGY 
The rocks of the Coatesville'and West Chester quadrangles 

comprise limestone, marble, quartzite, schist, and gneiss, of 
sedimentary origin, and diabase, granite, diorite, gabbro, pyrox
enite, and peridotite, of igneous origin. The sediment.ary rocks 
are classified as follows: 

Quaternary (Pleistocene series): 
Talbot formation. 
Sunderland formation. 
Brandywine grayel. 

Tertiary (Pliocene series); 
Bryn Mawr gravel. 

Unconformity. 
Ordovician: 

Conest.oga llmestone. 
Unconformity. 
:Middle Cambrill,n. 

Elbrook limestone. 
Unconformity. 
Lower Cambrian: 

Ledger dolomite. 
Kinzers formation. 

Lower Cambrian-Continued. 
Vintage dolomite. 
Antietam quartzite. 
Harpers schist. 
Chickies quartzite. 

Unconformity. 
Algonkian (Glenarm B8ries): 

Peters Creek Bcbi!\t. 
'Vissahickon formation, 
Cockeysville nutrble. 
Setters formation. 

Unconformity. 
, Archean: 

Franklin limestone. 
Baltimore gneiss. 

These rocks are sho'iyn in columnar form in the columnar 
section at the end of the text. A closely similar series of 
formations is present in the adjacent parts of Pennsylvania and 
Maryland, and some of them extend southward into Virginia 
and northward into Delaware, New Jersey, New York, and 
even New England. . 

SEDIMENTARY ROCKS 

ARCHEAN SYSTE3I 

Di8tribution.-The Baltimore gneiss appears in the crest of 
three anticlines that strike northeast and pitch southwest. 
The most northerly anticline forms the upland of West Sads
bury and Sadsbury Townships, in the northwestern part of 
the Coatesville quadrangle. This upland is the northeastern 
extension of Mine Ridge Hill, in the Quarryville quadrangle. 
The gneiss pa.sses under Paleozoic sediments west of the 
Coatesville quadrangle. 

rrhe two more southerly anticlines pitch sharply to the 
southwest on the eastern border of' the Coate8ville quadrangle. 
In the northern one the Baltimore gneiss passes beneath a later 
pre-Cambrian (Glenarm) series in the vicinity of Clonmell and 

2 Hli~8, E. F .• and Jonas, A. I., Relation of the Wissahickon mica gneiss 
w the Shenandoah limestone and Octoraro mica s(lhist of the Doe Run and 
Avondale region, Chester County. Pa.: U. S, Geol. Survey Prof. Paper 98. 
pI. 3, 1917. 



Chatham. The southern anticline plunges under these rocks 
just east of Toughkenamon. The Glenarm rocks occupy the 
central and western portions of the Coatesville quadrangle. 
To the northeast the belt of Baltimore gneiss widens in the 
West Chester quadrangle but is interrupted in continuity by 
igneous intrusions and is covered over a considerable area by 
the younger Glenarm rocks. At the northwest corner of the 
West Chester quadrangle the Baltimore gneiss has a width of 
about 8 miles. The Baltimore gneiss underlies the relatively 
high rolling country that represents the surface of the Bryn 
Mawr and Harrisburg peneplains. 

Character. - The Baltimore gneiss in this distriet is a 
medium-grained, finely or coarsely layered, compact rock 
composed mainly of quartz, feldspar, and biotite. The color 
varies with the content of biotite, ranging from a light gray 
and buff to dominantly dark gray. Hornblende is in some 
places associated with the biotite. This sedimentary formation 
is intricately injected by granitic pegmatite and by dikes and 
irregular masses of diorite, gabbro, and peridotite. (See pIs. 1 
and 2.) The pegmatite injection has been minute and intense 
and also on a grand scale, and to it is due much of the banded 
or layered character of the gneiss. The layering is conspicu
ously displayed on the West Branch of Brandywine Creek at 
the northern border of the Coatesville quadrangle. Gabbroic 
injections parallel the layers and break across them. Only 
the larger of the numberless dikes and other intrusive masses 
have been mapped. The light-colored invading layers con
sist of quartz, orthoclase, and sodie plagioclase. They are 
very irregular in width, swelling in places to considerable 
dimensions and decreasing elsewhere to paper thinness; alkali 
feldspar crystals in layers 01' dissociated from the layers 
reach 2 or 3 centimeters in diameter; crystals of hornblende, 
1 centimeter in diameter, have also been developed, and the 
biotitic layers curve about these crystals or about aggregates 
of qnartz and feldspar. The rock thus acquires a porphy
ritic character, and ,,,here silica is the dominant invading 
material and gives rise to anhedral quartz, the rock appears 
conglomeratic. Garnets, titanite, and zircon are accessory. 

An old quarry neal' the railroad three-quarters of a mile 
north of Lenape shows the dark-colored fine-grained biotitic 
pseudo-conglomeratic type, 'which is also exposed 1 mile and 
It milE'S north and 11 miles northeast of Lenape and 1 mile 
SOUtll of Pocopson. 

The light-colored finely layered type of normal gneiss shows 
granular quartz, microcline and other alkali feldspars, oligo
clase (chiefly Ab soAn2o to Ab 7oAn so ), a little andesine and 
orthoclase, and fine stringers of biotite, which by their aggre
gation produce the layering. Magnetite, apatite, and' rounded 
grains of zircon and of titanit~ are accessory constituents, 
and epidote is secondary. The texture is inequidimensional 
(seriatE' porphyroid) with a more or less parallel arrangement 
of grains. The crystallization is fresh. 

Locally the gneiss has been sheared into a mica srhist, which 
breaks down rapidly upon exposure to weathering. This is 
the character of the rock at the :Meredith <lnd Black Horse 
feldspar quarries and in general on the northwest flank of the 
Sadsbul'yanticline. The gneiss bordering the thrust fault, just 
north of West Chester, bas been mylonized into a compact 
schist with lens-shaped feldspar crystals. 

In some places the gneiss contains graphite-bearing beds. n 

The gneiss overlying the Franklin limestone exposed at Brin
ton Bridge contains graphite, and about 6 miles east of Brinton 
Bridge, in Concord Township, on the eastern border of the 
'Vest Chester quadrangle, in the vicinity of Ward, graphite
bearing gneiss show::! in loose fragments in the fields, but its 
areal limits can not be eX11ctly determined. In the Coatesville 
quadrangle graphite-bearing heds crop out in a railway cut neal' 
Valley station and in a road hank 2, miles west of Coatesville 
and a~ quarter of 11 mile north of the Lancaster pike (Lincoln 
Highway). Graphite-bearing beds are a minor feature of the 
Baltimore gneiss of the Coatesville-'Vest Chester area, but they 
bccome areaUy and economically important to the north, in 
the Phoenixville and Honeybrook quadrangles, and similar 
graphite~bearing gneiss occurs in Sussex County, N. J.4 The 
graphite-bearing gneiss as a rule is strongly micaceous, contain
ing both muscovite and biotite, and quartz is more abundant 
than feldspar. The feldspar is orthoclase, microcline, and 
labradorite. Garnet, calcite, tremolite, and rounded zircons of 
a eonsideru hIe sizc 11re accessory constituents. The ease with 
which these beds hreak down under weathering into a strongly 
hematitic or limonitic soil is characteristic of them. 

"Several years ago the writer, in mapping the rocli:s of the Phnenixville 
quadrangle, PI!'., ~eparated the ~rl1phitic gneisses from the nongraphitic 
gneisses and proposed to apply to them the geographic nume "Pickol'iug
gnei~8," restricting the IH~Ill(~ Baltimore gneiss to the nongraphitic r()ck~. 
and tllftt name and dcfinition wcre published ill an article by B. L. Miller 
in Economic Geology (vol. 7. p. '067, 1912). Yore reeent work, however. on 
tho pre-Cambrian gneisses of southeastern Pennsylvania and Delaware, 
hal> led the writer to COl)Hider thE' graphitic gneis8 a~sociai.ed with recog
nized Ba.ltimore gneiss as ossentialLy a facie~ of that forma.tion and not a 
distind forIllatioli. In this folio and other rf:'ports in preparation, there 
fore, the grapbitic gneis~ is included in the Baltimore gnej~s. and the naJl)e 
"Pi{~kering gnf'is(-l" l~ drQPlJed.-F. n. 

4'i,volff. J. g, ~e\\" Jersey Geol. Survey Ann. Hept. for 1893, p. 365, 1804. 
Bayley, W. S., U. S Geol. Smvey Geol. Atlas, Pa~saic folio (No. 157). 1908 
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The Baltimore gneiss where thoroughly intruded by great 
masses of gabbroic material loses its distinctive layered char
acter and presents the aspect of an igneous rock that has 
approximately the mineral composition of either a granite, 
quart7, mori:i'lonite, granodiorite, or quartz diorite, the particular 
phase depending upon the original constitution of the sediment 
and the degree in which the rock has been affected by the 
igneous invasion. This massive pseudo-igneous phase of the 
Baltimore gneiss follows the contact with massive intrusions of 
gabbro, of which only a fraction probabJy appears in the sur
face outcrops, and is typically developed at Rocky Hill and 
northeast and west of Rocky Hill, where massive spheroidal 
boulders of a rusty yellow-gray on the weathered surface and a 
dark blue-gray on fresh fractures strew the fields. Very simi
lar material is exposed in contact with gabbro in t,yO quarries 
west of West Chester, on Chestnut Street and on the Copes
ville road, and is found on either side of the intrusive gabbro 
in the neighborhood of Chadds Ford. This rock, though 
superficially resembling gabbro, on examination proves to be 
irregularly saturated with a dark-blue quartz, to contain scanty 
pyroxene (hypersthene or augite), and in some places to retain 
such eyidence of origin as rounded apatite grains. Gray feld
spar and quartz distributed in layers are the chief primary C011-

stituenffi. The feldspar includes orthoclase, microcline, micro
perthite, and sodic plagioclase in extremely variable amounts. 
Garnets are very abundant.. The texture is inequigrallular, 
with evidences of strain. A similar rock is found in the 
Schuylkill River section, where gabbro intrudes the Baltimore 
gneiss. In mineral constitution and presumably in chemical 
composition this rock rflnges from an alaskose to a quartz diorite 
with u. 'wide range in the character of' the feldspar and in the 
amount. of quartz present. Briefly, the rock resembles an 
abridged differentiation series. In the rock at Dutton Mill, 
nOltheast of Rocky Hill, which grades into a true gabbro, 
the constituents are quartz> orthoclase> plagioclase;;' hyper
sthene. The injection of tIl(> gneiss by gabbro, displayed in 
the two quarries on the western outskirts of 'Vest Chester, has 
rendered the gabbro very quartzose and developed both augite 
and garnets in the gneiss. 

It is believed that this rook did not originate from the solidi
fieation of an igneous magma produced by differentiation but 
is thc result of the reaction of a. gabbroic magma upon a sili
ceous gneiss. This view is based also on field relations: the 
rock is confined to contacts between gneiss and gabbro j the rock 
preserves more or less the texture as well as the constituents 
of the gneiss; in most places it weathers like a sediment; 
stages are found from simple injection through a reaction 
seriea to typical gneiss j the silica content varies greatly in 
a single mass; there is no persistent well-defined type. The 
rock was at first mapped separately from the Baltimore gneiss, 
but later it was thought that the facts did not justify separate 
mapping. Although spheroidal weathering has taken place in 
some localities, and although, ,,,here the injecting material 
dominates, because of its dark color the rock superficially 
reRembles gabbro more than gneiss, its mineral and chemical 
constitution so closely affiliate it with the gneiss that it h11S 
been included in the areas mapped as gneiss. 

About a mile southeast of Cheyney station, near the east 
edge of the ",Vest Chester quadrangle, north of the road to 
Locksley, a large boulder at the contact between gneiss and 
gabbro shows brerciated gneiss in a gabbroic cement. 

On the southeast flank of the Sadsbury anticline granitic 
injeetions prevail, and exposures on Buck Run and frag
ments founli in the fields have the appearance o~ a biotite 
granite gneiss. The segregation of the biotite in layers, the 
yariation in granularity of the quartz-feldspar layers, the 
rounded shape of the zircon where present, the unlikeness of 
the texture of tl~,e rock to that of the igneous material of the 
PennsylYania Piedmont, and the absence of spheroidal weather
ing-all have led to the belief that this is only a strongly 
injected fa.cies of a sedimentary gneiss, which at other places 
may be a quartzose gneiss (south and east of Sadsburyville), a 
mica gneiss, or a mica schist. 

In the immediate neighborhood of peridotite intrusions a 
recrystallization of the gneiss has taken place, with the devel
opment of hornblende. Thus here also the rock has an 
igneous aspect which masks its real origin. 
~o ~malyses of t11e Baltimore gneiss from the Coatesville

\Vest Chester district are available, but the analyses in the 
next column represent the gneiss in the region east of this 
district. 

The chemical constitution shown by analysis 2 reveals no 
indication of a sedimentary origin. The sample was a com
posite of the massive facies collected from six localities in the 
Philadelphia district and therefore shows a more balanced 
composition than is normal for a sedimentary formation. 
Analyses 1 and :3 show an excess of alumina over the 1:1 ratio 
neeeFisary to satisfY the alkalies and lime, though not. a greater 
excess than is fonnd in igneous rocks, and in analysis 4 the 
percentage of silica borders on the excessive. Nos. 1 and 4 are 
graphite·bearing micaceous (biotitic) facies, and the presump
tion is strongly in favor of their sedimentary origin. 

Analyses of BaUimore gneiss 
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1. 0'7 1 1. 26 .3sl 2.44 
1.88 8.101 3.32 4.00 
3.34 2.84 3.15 

1.20 .84 
1.47 1.80· 

.51 

.84 1.04 

.18 

1.61 

4.04 

.11 .38 Trace. 
Faint trace. 1 

_____________________ ~_____ .09 . ____ .____ Trace. 

Li.O __ ~______ ! Trace 

:~~;;i;;-:::::,::,:::l--:;;~,I~i~I:~;;:~;;;;~::,:2 
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1. Graphite·bearing gnei~~, 1 mile east of Feasterville, Bucks County. 
F. A. Genth, jr., analyst, Pennsylvania Second Geol. Survey Rapt. C6. p. 116, 
1881. 

2. Composite sample from Philadelphia district. W. F. Hillebrand, 
analyst, United States Geological Survey. 

S. Gneiss near Pap&r Mills station. Pennypack Creek, Montgomery 
County. F. A. Genth. jr., analyst, up. cit., p. 117. 

4. Graphite.bearing gneiss, l\~eshaminy Creek, Bucks County. F. A. 
Geath, jr., analyst, op. cit., p. 105. 

Hypersthene 

~;a~~!!~~~'--- -~~~~~~~~I 1.':: I 

2.35 

5.09 

3.02 

2.21:J 

.34 

29.82 
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8.18 

Hernatite ____ _ 

Pyrite___ -~~~~~l' 1.61 .15,_________ Fe,S, 4.04 
Water.__ _ ____ .. 1.47

1 
.671 .80 1.30 

:~::t:~OXid,-·J~~~t=~~~\~;:;;:I-----:-------;~ 
1. 1(11).32",4,. Aisbachose. Qultrtz not exce~sive for Class I; excessive 

alumina; MgO<CaO; K.O<Na,O. 
HII). '4.(2)3.(3)4. Yellowstonose. QUltrtz not excessive for Class I; no 

eX(,C8salmuina; MgO<CaO; K.O<Na,O. 
:3. 1([1)."4.(2)38. Amiatose. Quartz not excessive for Class I: exees· 

sh'e Itlumina; MgO<CaU; K.O<Ka,O. 
4. 11.8".8.4". Quartz bordering on excessive for Clas8 II; no f>xcess alu

mina: MgO<CaO; K.O<Na.O. 

Thickness, and name.-The Baltimore gneiss 
forms at least a part the floor upon which the later sedi-
ments "'"ere laid down, but no est.imate can be made of its 
thickness. The gneiss is regarded as pre-Cambrian because it 
is in some places oV8rlain unconformably by indubitably 
pre-Camhrian rocks (Glenarm series). In the Coatesville 
quadrangle it is flanked on each side of an anticline by 
Chickies quartzite, of Lower Cambrian age, and to the north
east of the Coatesville-\Vest Chester district it underlies the 
Cambrian conglomerate ,,,hich forms the basal member of the 
Chickies quartzite and which contains pebbles of the blue quartz 
that is a characteristic vein material in the gneiss and its 
igneous associates. 

The early pre-Cambrian (Archean) gneiss of Maryland is 
known as the Baltimore gneiss, from the type locality on Jones 
Falls Creek in the city of Baltimore. Although the Baltimore 
gneiss of Pennsy 1 \'ania is not stratigraphically continuolls with 
the Baltimore gneiss of Maryland, similar .stratigraphic rela
tions and petrographic character have been recognized in the 
common designation. 

The Baltimore gneiss is to be correlated with the Fordham 
gneiss of New York. (See correlation t£lble at end of text.) 

Distribution.-The only exposure of the Franklin limestone 
in the Coatesyille-'Vest Chester district is in an old quarry 
(Harvey's) 1 mile north of Chadds Ford, on the west side of 
Brandywine Creek, opposite Brinton Bridge. 

Characta.-The rock is a banded marble and lies inter
bedded in quartzitic gneiss which is welded with the marble 
and finely plicated, with a geneml dip of about 45c BE. Both 
the marble and the gneiss contain gmphite, and the marble in 
addition contains chondrodite. It is distinguished from all 
other limestones in the district by the presence of these two 
minerals. The marble is belieyed to be near or at the top of 
the Baltimore gneiss and generally younger than the main 
mass of that formation. 



Thickness, correlation, and name.-At the outcrop mentioned, 
aB in all other occnrrences of the Franklin limestone in the 
Piedmont of Pennsylvania, the formll,tion is not more tha.n 
50 feet thick. 

This nHlrble in Pennsylvania is correlated with the Franklin 
limestone of New Jersey because of its ~imilal' association with 
a pre-Cambrian gl'flphitic gneiss and be('uuse of ~imilar miner
alization, ·which produced a large number of silicate minerals 
as well BS graphite. In this locality chondrodite is the only 
notahle silicate mineral present of the ninety-odd minerals 
listed from the type locality at Franklin Furnace, ~. J. The 
cl'Ystalline limestone or marble of Sussex County, N. J" in the 
n~ighborhood of Franklin Furnace, wus first cnlled Franklin 
by Wolff and Brooks. 5 

lo.I.ClO~KIAX SYSTEM 

The Cileuarm series, of late pre-Cambrian (AIg-onkinn) age, 
uncon£;o.,rrnahly overlies the Baltimore glwiss. Four formations 
of Jhe series are present in the Coatesville and West Chester 
quadrangles-the Setters formation at the base, the Cockeys
ville marble, the ·Wissahickon formation, and the Peters Creek 
schist. The Setters formation and the Cockeysville marble, of 
highly variable thickness and areal extent, are n9t coextensive 
\'lith the 'Vissahickon formation, which overlaps them and lies 
ir:' placet! directly upon the Baltimore gneiss. 

S]l:T'rKRS FOn~tATIO:!i" . 

~Dl:sb·iuution.-The Setters formation occurs as a narrow 
marginal fringe on two antielines in the Coatesville quadrangle 
and extends llOrtheastward in the 'Vest Chester quadrangle 
until faulted -out. 

Cha'l'acte1· . .....:....The formation consists chiefly of quartzite or 
quartzitic schist, and ranges from a compact almost ,,,hite 
or buff quartzite to gray mica gneiss. There is considerable 
yariation in the percentage of the primary constituents. Biotite 
with lesser amounts of muscovite may equal the sum of the 
quartz and feldspar or more rarely become the least abundant 
constituent; q-qarb~ and feldspar (chiefly orthoclase, microcline, 
and albite-oligoclase) are usually present in about the same 
proportious. Accessory constituents are horn blendt', magnet
ite, apatite, garnet, zircoll, titanite, and tourmaline. Broken 
tourmaline crystals are abundant in places, 

The rock shows. a. cleavage parallel to the bedding with 
which the micas are alined. A pronounced gneissic facies of' 
the formation crops out .in the hill east of Avondale and also 
in the ridge at and northeast of 'Vest Grove, and at both these 
plf,ces it has been qunrried for building stone. (See pI. 3.) 
It readily disintegra.tes into sand, and a sand pit has been 
worked in the formatiou ju~t north of Toughkenamon. 

A lower member of the Setters formation exposed in the 
most westerly of the quarries in the Avondale hill below the 
outcropping mica gneiss is somewhat different in its courser 
grain and greater development of muscovite. It contains the 
same constituents-quartz, microeline, and albite· oligoclase feld
spar and the light and dark micas-but micaceous minerals, 
which coust.itute perhaps ,50 per cent of the rock, are so ahun
dant as to render the rock more schistose than gneissoid. 

About. a mile northwest of Embreeville, in the West Chester 
quadnmgle, an abandoned quarry exposes the quartzitic gneiss 
of the Setters fonnation. Here the roek, which was at one 
time fJuarried for use as II \vhetstone, contains about 80 per 
cent of quartz. 

[l'enniman and Drownf', analY8h. ~f!\l'ylaD(l (Jeol S~,·,<ey, Balllmol'" County Rept., In pre"".] 
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TAiu!cnt!~'.~, COI'l'elarion, and name. ~ The Setters formation 
shows con~idernblt! variation in thickness, which is due to 
original variation in sedimelltHtion. In the Doe Run region 
a. thickness of ],000 feet or more is probable. In the Avon
dAle region the formation is some\vhat thinner, 

The rocks here designated Setters formation \\'ere correlated 
with tht' Cambl'ian Chickies qua.rtzite by the Second Geological 
Survey of Pennsylvania Hlld have formerly been considered of 

pt. 2,p. 432, H!98. 

and Brook,., A. H., The age of the Frauklin white lime
N. J.: U. S. Geol. Survey Eighteenth Ann. Rept., 
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undetermined age by the writer. They are now, however, 
correlated with the Setters formation of Maryland been use they 
lie conformably below the rocks identified as Cockeysville 
marble and above the Baltimore gneiss, in the stratigraphic 
position of the typical Setters formation. 

The Setters formation obtains it.s name from Setters Ridge, 
Md., a conspicuous topographic feature due to the outcrops of a 
qual'tzitic member of the formation. 

COCKEYSVILLE MARBLE 

Disb·ibution.-The Cockeysville marble is found in areas 
of very irregular outline, which owe their general northeast 
trend to the faulted structure of the rocks. The two largest 
areas are near Doe Run and Avondale. There are small out
lying areas south of Landen berg, east of Corner Ketch, at 
Hockessin, east of Kennett Square, east of Mendenhall, north
east of Brinton Bridge, east of Birmingham, and at Embree
ville. In five detached areas northeast of Embreeville lime
stone is exposed only in quarries that were at one time 
operated - the County Poorhouse quarry, Moses Bailey's 
quarry, )'10ses 'Voodward's quarry, George l\Iarsh's quarry, 
and Cope's quarry. 

Chamcte1'.-The Cockeysville marble is typically a medium 
to coarse grained white saceharoidal rock, or a light blue-gray 
rock, in many places banded with flakes of golden-brown 
phlogopite. It is in general distinguished from the Cam brian 
and Ordovician limestones of Chester Valley by a lighter color 
and coarser grain and from the Archean Franklin limestone by 
a finer grain and the absence of graphite and the silicate 
minerals so chai'acteristic of the Franklin. 

A section of the Cockeysville marble at tile Acme quarry, 
near Baker station, operated by the Pennsylvania Marble & 
Granite Co., shows the following beds: 

Section of CockeysrJille marble at Aome quarry, near Baker station 

Phlogopitic p:ray lime~tone, referred to by the quarry-
mli'n as "Ayondale limestone" ________________________ 10-30 

Tremolite·pblogopite·quartz rock, locally ealled "bastarLi 
granite" ___ ________________________ 16-18 

Very pure white granular limestone, locally called "libh-
fogg limestone" ____ .____________ __________________ 10 

Even·grained white magnesian marbie, called "dolomite" ;-,0 

The more coarsely crystalline limestone is found at l\Ienden
hall's quarry, 1 mile northeast of Mendenhall station. Some 
of the material there sho\ .... s crystals a centimeter or more in 
diameter. The estimated total thickness is between 100 and 
150 feet. 

At Guest's quarry, It miles southeast of Doe Run village, 
the lower white marble beds contain t.remolite. 

Analyses of CockeysviUe marble 

1. Limestone, Cope's quarry, It miles llorthea~t of Copesville, F. A. 
Genth, jr., analyst, Penn~yl\"ltnia Second GeoL Suryey Rept. C6, pp. 1115-
136,1881. 

2. "Fi~h·egg limestone," ACllIe quarry, .-\.\"ondale, Pennsylvania Marble 
& Granite Co . 

B. "Dnlomit.e," Acme quarry, Avondale, Pennsylvania Marble & Granite 
Co. AWlly~es 2 and B furnishefl by the company. 

4-. Dolomite, Benjamin Swayne·s quarry, I, miles 
Gro,·e. A. S. )[cCreath, analyst, Pennsylvania Second Geol. 
Mg, p. 79, 1881. 

)\0. 1 is a highly Hiliceou;; limestone; No.2 is a very pure IhnestOlle: and 
rio. S isa magnesian lhne"tone with tbe percentage of magnesiulll carbonate 
It lit.tle below tbe standard percentage for It dolomite. No.4 is a true 
dolomite. 

Thickness, correlation, and name.-The Cockeysville marble 
is not of uniform thickness in its widely distributed areas 
of out.crops but presumably does not anywhere exceed 500 
feet. 

The crystalline limestone south of Chester Valley, here 
designated the Cockeysville marble, was somewhat doubtfully 
correlated by the Second Geological Survey of Pennsylvania 
with the Chester Valley limestone and ,vas with that formation 
considered Siluro·Cambrian in age. Because of the strati
graphic position of this formation-above the Baltimore gneiss, 
from which it is separated only by the quartzose member of 
the series, the Setters formatioll, and below the 'Vissahickon 
gneiss--the marble is now correlated with the Cockeysville 
marble of .Maryland, which has been assigned to the pre
Cambrian. 

The Cockeysville marble obtains its name from the town of 
Cockeysville, 15 miles north of Baltimore, Md., where there 
are active quarries in the marble. 

Distrib-ution.-The Wissahickon formation has a wide dis
tribution in the Coatesville~'Vest Chester district. It forms 
the South Valley Hills, underlies the central and southern 
parts of the Coatesville quadrangle, and extends into the 
northern part and across the south-central part of the Weat 
Chester quadrangle. 

Character.-The 'Vissahickon formation as mapped in this 
folio comprises two lithologic facies-a southern one knoWn as 
oligoclase-mica schist and a northern one known as albite
chlorite schist. 

The southern facies is separable into two members, which 
are not distinguished 011 the maps; the lower member is a 
biotite gneiss, abundantly injected by granitic and gabbroic 
pegmatites and by massive gabbro; the upper member is a 
muscovite gneiss. Where free from injected material the bio
tite gneiss is medium-grained schistose quartz-feldspar-biotite 
rock. Normally these constituent. "I are evenly distributed 
through the rock and are equigranular; the feldspflr is chiefly 
orthoclase and albite but also includes microcline and oligo
clase. The biotitic layers, largely made up of minute over
lapping scales of biotite with cleavage planes parallel to the 
g-neissic banding. are spangled by larger brilliant plates of 
biotite and in some localit.ies of muscovite. Even where it 
is most abundant the biotite in general does not exceed the 
sum of the quartz and feldspar, and the average distribution of 
the two latter constituents is about the same. Accessory con
stituents are magnetite, pyrite, apatite, zircon, garnet, titanite, 
staurolite, tourmaline, allanite, andalusite, and sillimanite, The 
garnets are commonly inconspicuous, but in some localities, as 
in the ridge forming the northwest side of Beaver Creek valley, 
on the left bank of Brandywine Creek north of the Delaware
Pennsylvania State line, they are abundant and average half 
an inch 01' more in diameter. The sillimanite occurs in 
almond~shaped nodules brought out in relief by weathering. 
Secondary constituents of the biotite gneiss are chlorite, 
epidote, a zeolite (probably scolecite), ('ordierite, hematite, and 
limonite. The rock is irregularly and abundantly jointed, 
with a rusty yellow, red, or brown stain on the joint planes. 

Granitic pegmati:t.ation is not. only a striking feature of the 
biotite gneiss but in a greater or 1e9s degree it is an almost con
stant feature. The biotite gneiss is invaded by many cross
cutting pegmatite dikes and is also intensely injected parallel 
to the bedding planes, as is illustrat.ed south of London Grove; 
quartz-feldspar layers that show rapid and abrupt variation in 
width are injected between biotitic layers; the relatiye amount 
and distribution of the quartz and feldspar are highly variable; 
the feldspar is usually opaque and of a light-buff color and 
may be developed in euhedral crystals of' a considerable size 
with quartz or dissociated from it and having the aspect of 
porphyritic crystals. 

'Vhere the biotite gneiss has been invaded by large masses 
of gabbro, hornblende or augite, or both, haye deyeloped in 
the gneiss in contact with the gabbro j orthoclase and an acidic 
plagioclase remain the dominant feldspars, bnt labradorite and 
labradorite-bytownite are 10caHy present; although the rock 
has the constituents of a quartz monzonite it also has the aspect 
of tt recrystallized sediment because of the fresh character of the 
feldspars and the rounded zircons and apatites, Such a local 
facies of the biotite gneiss is exposed in a small quarry It miles 
west of Centerville and also 2t miles northeast of Elam on 
the northeast side of the road. In addition to the exposed 
gabbro dikes the gneiss is thoroughly injected by dikes which 
do not appear at the surface but some of which are exposed in 
quarries or in roadside or railway cuts. About 1 mile and 
It miles northwest of Yorklyn, in a roadside cut, such gab
broitic injection of the biotite gneiss is finely displayed. 

Injection along the layers of the biotite gneiss by gabbro is 
shown in a rock exposed It miles southeast of Elam and one
eighth of a mile south,east of the gra.vel pit. Here gneissic 
layers resembling an igneous rock in constituents and texture 
but still retaining some characteristics of a recrystallized 
sediment alternate with quartz~biotite-Iabradorite-hypersthene 

layers representing a gabbro pegmatite. 
The most southerly syncline brings to the surface this biotite 

gneiss member of the ,"Vissahickon format.ion south of Avon
dale, Kennett Square, and Chadds Ford, in a broad belt extend
ing northeastward int.o the Chester quadrangle and southward 
into the Elkton and 'Vilmingtoll quadrangles. 

In the Elkton-'Wilmington folio thi8 biotite gneiss was 
described under the designation Baltimore gneiss. It was 
interpreted as Baltimore gneiss on the ground of the structural 
relations as they were then understood; but with the forma
tions as now defined it becomes the basal member of the 
southern facies of the 'Vissahickon formation. A large 
quarry at Wooddale furnishes a good exposure of the gneiss. 
Here the rock is an even-grained quartz-feldspar-biotite gneiss, 



which has been rendered more or less massive by proximity to 
a great gabbro intrusion, dikes from which are exposed in the 
quarry, and by injection by quartz diorite pegmatite. Folded 
beds dip 85° NW. to 900 and strike about N. 400 E. Pegma
tization here, as well as in other localities, is later than the 
gabbro injection. 

The muscovite gneiss member of the Wissahickon formation is 
distinguished from the underlying biotite gneiss in being exces
sively micaceous, dominantly muscovitic, and more schistose 
than gneissic. ,\Vhere freEh the rock is of a blue-gray or warm 
yellow-gray color, brilliantly spangled with muscovite plates, 
which range in diameter from a millimeter to a centimeter. 
This muscovite gneiss, which prevails in the southwestern 
and the central to southern p!:lrts of the Coatesville quadrangle 
and the north-central part of the West Chester quadrangle, is 
characteristically crinkled or fluted, ''lith a schistosity cutting 
across the fluting. A brown manganese oxide stain on joint 
planes and a characteristic weathering into sticklike fragments 
!:lre distinctive features. The essential constituents are quartz, 
feldspar, and muscovite. The amount of quartz and feldspar 
varies greatly fron* place to place, but neither constituent is 
anywhere altogether absent. The quartz is fine grained; the 
feldspar, which is nowhere so ahundant as in the underlying 
member of the formation, shows a considerable range of species. 
Orthoclase is generally present; the plagioclase feldspar may 
range from albite to bytownite; the calcic plagioclases are pres
ent in the gneiss which immediately overlies limestone. 

In many localities garnets, large and small, crowd the rock; 
other metamorphic minerals are staurolite, tourmaline, anda
lusite and sillimanite. Accessory constituents are biotite, 
hornhlende, apatite, zircon, titanite, and pyrite. Secondary 
constituents are epidote, chlorite, and calcite. 

On the extreme southern border of the Coatesville quad
ra.ngle, on the road crossing Big Elk Creek, the two types of 
the \Vissahickon formation-the muscovite gneiss and the 
underlying biotite gneiss-can be seen in contact. 

The northern facies of the \Vissahickon formation, the 
albite-chlorite schist, is distinguished from the muscovite 
gneiss primarily in degree of metamorphism and subordinately 
in Jllineral constitution. It is a resistant quartz-muscovite 
schist which forms the South Valley Hills in the Coatesville, 
West Chester, Phoenixville, and Norristown quadrangles. 

The schist is typically a hlue-gray or less usually a greenish
gray rock with lustrous smooth laminae, in some places 
wrapped about quartzose layers, and in others 'with very little 
if a.n.y quartz present. The surfaces of the laminae have 
almost a soapy feel, in contrast to the more gritty texture of 
typical muscovite gneiss. Locally the schist may be a fragile 
purplish slate. A dominating schistosity that usually dips 
steeply southeast obscures 01' obliterates the bedding. The 
'\yeathered schists are of a rich rusty-yellow color owing to the 
oxidation and hydration of the ferrous oxide. Intercalated 
with the muscovite schist are beds studded with minute albite 
crystals, which are best seen in fractures transverse to the 
schistosit.y. The albite crystals are euhedral, nearly equidi
mensional, show no parallel arrangement, and include other 
constituents of the rock. These facts indicate that they are 
neither clastic in origin nor due to pegmatization but probably 
originated from the recrystallization of a sodium silicate con
stituent of the sediment as a result of hydrothermal metamor
phism rather than metamorphism that was primarily dynamic. 
Such beds are exposed on t.he East Branch of Octoraro Creek 
a quarter of a mile north of Steelville at the fork of the road. 
They become increasingly less conspicuous to the northeast 
and increasingly dominaut to the southwest, where they give 
character to the rock, which has accordingly been described in 
reports on Maryland areas as albite-chlorite schist6 but which 
is in this district a typical muscovite schist. 

The muscovite schist of the northern facies, like the mus
covite and biotite gneisses, is a' recrystallized sedimentary rock. 
In the muscovite schist recrystallization has not been carried to 
the same degTee of perfection as in the gneisses on the south
east, and igneous intrusions, with one exception, which may be 
only apparent, are altogether lacking. The grain of the rock 
is finer, and the crystal boundaries, except those of the porphy
roblastic albite, are not so clear-cut. Quartz a.nd feldspar 
(chiefly orthoclase) occur in interlocking grains. Muscovite and 
chlorite are developed in association; limonite and, less usually, 
epidote are alteration products. Biotite, magnetite, ilmenite, 
tourmaline, and pyrite are accessory constituents. Pseudo
morphs of limonite after pyrite in cubes 5 millimeters or more 
in diameter are a feature of the schist. Garnets and minerals 
th!:lt are produced by deep-seated metamorphism are abs~nt. 

The analyses given in the next column represent different 
facies of the Wissahickon formation at several localities in 
southeastern Pennsylvania. Analyses 1 and 2 show strong 
evidence of fL sed,imentary origin in the excess of silica, the 
very considerable excess of alumina ahove the 1:1 ratio neces
sary to satisfy the lime and alkalies, and the double relationship 
of the dominance of l\fgO over CaO and K 20 over Na 20. 

'Knopf, E. B., and Jona~, A. L, Stratigraphy of the crystalline schists of 
Pennsylvania and Maryland: Am. Jour. Sci., 5th ser., vol. 0, pp. 46, 59,1928. 
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The value of these criteria in determining the origin of meta
morphic rocks has been discuBSed by Bastin. 7 

In analyses 3 and 4 the evidence is not so strong, but it is 
quite sufficient to cast suspicion on an igneous origin for the 
rocks analyzed. No. 3 shows excessive quartz and alumina, 
and potassa is greater than soda. In No.4 the silica is not 
excessive. There is a considerable excess of alumina, and 
MgO is dominant over CaO, but K 20 is less than Na 20. 
The chemical evidence of a sedimentary origin for Nos. 5, 6, 
and 7 is very strong. Silica is abnormally low. Excess of 
alumina over the 1:1 ratio necessary to satisfy the alkalies 
and lime is very great. This criterion alone is sufficient proof 
of a sedimentary origin for the rock of which it is character
istic. The MgO exceeds the lime, and K 20 is excessively 
dominant relative to Na;)O. 

Analyses of different faai6s of the Wi88ahiokon f01'fflation 

66.18 00.38 59.01 56.40 48.81 4B.I0 89.35 

15.11 20,85 17.02 19.76 27.52 BO.86 81. 92 

Fe,O. 2,52 8. 59
1 

7.76 4.85 7. BO 7.28 2.19 
F,Q 3.111 4.47 2.64 9.00 

2.42 
2. 07

1 

.07 B.08 
CaO ___ 1.87 1.S2 2. OS 

2.71 1.88

1 

2.44 .56 .66 1.98 

2.86 2.S4 2.63 6.87 5.26 

H.O± 1. 79 2.79 4,42 5.91 6.00 

.82 1.41 1.34 8.2.8 1.20 

P,O, • 22 .28 Trace . .18 .49 

S .03 
CrO _ None. 

.20 
BaO TracE'. 

Trace. 

99.87 

1. Composite sample, Philadelphia district. W. F. Hillebrand, U. S. 
Geol. Survey, analyst. 

2. Muscovite gneis~, Tacony Creek, north of Jenkintown Junction. 
}j'. A. Genth. jr., analyst. Pennsylvania Second Geol. Survey Rept. C6, p. 

1881. 
Albit.e·chlorite Ilchist, 1; miles northwest of Cnlly's station, Penney! 

vania R. H., Columbia and Port Deposit branch. F. A. Genth, analyst. 
Pennsyh-ania Second Geol. Survey Rept. CCC, p. 271, 1880. 

4. Muscovite g:neis:;, SOllth of Hulmeville, Neshaminr Creek. F. A, 
Genth. jr., analyst., op. cit. (Rept. 06), p. 109. 

5. Milla Schist, between Gulf Mills aud Bitner marble qnarry. P. A. 
(tenth. jr., analyst, op. cit. (Rept. C6). pp. IB2-133. 

6. Mica schist, between Gulf Mills and Kingof Prussia. F. A. Genth, jr., 
analyst, idem. 

7. Mica scbist, 1,222 feet. from Bird·in-Hand Tavern, on road from Gulf 
Mills to Bryn Mawr. F. A. Genth, analyst, idem. 

31. 02 33.96 30.38 
16.68 111.68 15.57 
23.06 11.53 20.44 
8.34 7.23 10.29 
4.49 12.85 6. '" 

Hypt'rsthene 8.77 7.97 
3.71 Ii. 34 7.66 
1.52 2.74 2.58 

.s< .67 
2.78 4.42 

11.46 
7.78 

49.25 

8.77 
10.77 

I 6.26 

1.98 

.34 
8.87 

4.08 10.62 
52.26 40.59 
4.72 5.24 

17.03 22.44 

.B4 

7.36 7.28 
4.40 4.50_ 

8.78 8.28 

31.14 
16.77 

22.95 
14, 43 

3.25 
2.28 

.46 

8.30 
6.05 

100.66 

1. (I)Il.Il(4).2.3(4). No name: four represelltativee ot this subrang in 
\Vashington's tables. Quartz excessive for Class II: excess of alumina; 
}fgO>CaO: K.O>NaeO. 

2. "11.3.2"."3. No name; four representatives of the type in 'Vashing. 
ton's tables. QUaJ'tz excessive for Class II; excess of alumina; MgO> CaO; 
K.O>Na.O. 

B. (I)II.Il(4).2(3}.3". No name; four representati"es. Quartz excessive 
for Class II; excess of alumina: MgO<;CaO; K.O>Na.O. 

4. 11.4".1.4(5). Pantellerose; fift.een representath·es in 'Vashington's 
tables. Quartz not excessive; excess of alumina; MgO>CaO; KeO<;l'\a20. 

5. "1I."5.1.1". ~ona,me; one representative. Quartz abnormally low; 
e.JI:oess of alumina: MgO> CaO; K.O~Na"O. 

6. "IIA.l.1(2). ~o name; no l'epreaentutive. Quartz low; el:cess of 
alumina; MgO>CaO: K,O~Na20. 

7. 1I.5.1.2(3). Highwoodose; five representatives. Quartz abnormally 
low; excess of alumina; MgO>CaO; K.O}>Na.O. 

, Bastin, E. S .• ChellJical composition as a criterion in identifying meta· 
morphosed sediments: Jour. Geology, vol. 17, pp. 445-472. 1909. 

Thickne88, correla.tion, and name.-It is not possible to esti
mate with any degree of accuracy the thickness of such a unit 
as the intensely folded \Vissahickon formation, which contains 
no recognizable recurrent heds. There must be exposed on 
Susquehanna River a thickness of 8,000 to 10,000 feet of beds, 
which may, however, be repeated many times by close foldi;ng 
and faulting. ':rhe Wissahickon formation is considered to be 
pre-Cambrian because it has undergone deep-seated metamor
phism, because of its intrusion and saturation by igneous 
rocks~granite, gabbro, peridotite, pegmatite, and their imme
diate differentiates, all of which, except the pegmatite, are 
entirely absent from the Paleozoic formations and are charac
teristic and abundant intrusives in known pre-Cambrian gneiss, 
and because of the num bel' of joint systems found in the gneiBS, 
one more than in the Paleozoic formations. Recently corrobo
rative proof of the pre-Cambrian age has been found in the 
stratigraphic relations of the Wissahickon formation to pre-:
Cambrian subsilicic lavas in Maryland. The Wissahickon of 
this area is stratigraphically continuous with the formation of 
the same name in Maryland and has been correlated with the 
Manhattan schist of New York. It received 'the name 'Vissa
hickon because of type exposures on Wissahickon' Creek, in 
eastern Pennsylvania near Philadelphia. The muscovite schist 
of the South Valley Hills in the Coatesville and "Vest Chester 
quadrangles {and also of the Nonistown quadrangle, described 
in the Philadelphia folio as the "Octora.ro schist") is regarded 
by the Geological SurveyS as the northern facies of the 'Vissa
hickon formation and referred with it to a pre-Cambrian age, 
because southwest of these quadrangles along the strike' what 
appears to be the same formation is ov~rlain unconformably by 
Lower Ca~brian rocks. Under this view its present position 
above Cambrian and Ordovician formations must ·be due to a 
thrust fault, as shown in the structure sectiolls. 

An alternative hypothesis tentatively held by the writer is 
that this thrust fault lies between the gneiss belt of the 
\Vissahickon and the muscovite schist of the South Valley 
Hills; that the schist is covered southwest Of this area by 
the overthrust pre-Cambrian gneiss series and is exposed 
in these quadrangles by the removal through erosion of this 
overthrust cover, bringing the intersection of the fault plane 
,with the surface of the country in this area between muscovite 
schist and muscovite gneiss about half a mile south of that 
shown on the map. This hypothesis rests upon the following 
observations: 

1. The muscovite schist has manifestly undergone a different 
degree of metamorphism from that of the gneisses. 

2. It is conspicuously free from the metamorphic minerals 
(garnet, staurolite, tourmaline, andalusite, and sillimanite) 
common to the gneisses. 

3. The almost complete absence from the muscovite schist of 
the South Valley Hills of the igneous intrusions that are so 
abundant in the gneisses constitutes evidence of a so-called 
igneous unconformity. 

4. The contact of the muscovite schist with the Ordovician 
limestone of Chester Valley is apparently con(orrnable; this is 
indicated (a) by a lithologic gradation shown in the micaceous 
character of the upper limest.one beds and the limy character 
of the lower beds of the mica schist in an apparent syncline 
at the Howellsville quarries, 1t miles northeast of Paoli; (6) 
by the nature of the contact; where this can be obseryed, as at 
a small quarry 1i miles northwest of Gulf Mills, in the 
Norristown quadrangle, it is .either straight and parallel to 
the stratification of the two formations or there is a refold
ing of the beds in which both formations participate; (c) by 
failure to find eyidence of the cut.t.ing out of limestone beds; 
south of Gulf }fills, in the Korristowll quadrangle, the mica 
schist shows a synclinal structure with limestone exposed on 
both limbs and in the axis of the fold to the northeast, beyond 
Conshohocken; the syncline pitches southwest, and the schist 
is eroded to the northeast and widens to the southwest until 
concealed undtr the thruB,t fault of pre-Cambrian rocks; (d) by 
the similarity in chemical coustitutioQ respectiyely of the Mar
tinsburg shale and the conformably (?) underlying limestone 
of the great yalley and the mica 8chist of the South Valley 
Hills and underlying limestone of the Chester Val~ey, which 
constitutes a presumption in filVor of a like age and relation
ship. Anyone of these observations taken singly is capable 
of another interpretation, but the combined observations seem 
to the writer to point to similar relations between the mica 
schist and Cambrian and Ordovician formations and to the 
Ordovician age of the schist. 

5. In the 1\~ orristown quadl'3ngle, west, south, and east of 
Conshohocken, where the trace of the thrust plane emerges 
southeast of the Soulh Valley Hills, it coincides with the north
west boundary of the belt of the "\Vissahickon gneiss, along 
which the Cambrian quartzite, the Cambrian and Ordovician 
limestones, and the llluscovite schist of the South Valley Hills 
are successively cut off. If the presumption that these beds 
which are cut off by the fault constitute a conformable series is 
rejected and the last member of this series is included with 

a Knopf. E. H., alld Jonas, A. I., (jeology of the }fcCall~ Ferry-Quarry
ville district, Pa.: U. S. Cleol. Survey Bull. 799, pp. 34-35. 74-79, 1929. 



the pre-Cambrian overthrust mass, the fault plane must be 
interpreted as abruptly and closely folded in a sharp anticline 
and syncline. 

G. This fault has been traced southwestward from the Bur
lington, Germantown, and Norristown quadrangles! where it 
separates Wissahickon gneiss suceessively from pre-Cambrian, 
Cambrian, and Cambrian-Ordovician formations, acros's the 
Phoenixville, 'Vest Chester, and Coatesville' quadrangles, 
where it separates a narrowing belt of'steeply dipping phyUitic 
slate from the more coarsely crystalline flat to gently dipping 
gneiss. 

Distribution.-The Peters Creek schist, the YOlJ-ngest of the 
pre-Cambrian sediments in the Coatesville-West Chester dis
trict, lies aboye the Wissahickon formation in the trough of a 
syncline that extends from the west edge of the Coatesville 
quadrangle northeastward into the 'Vest Chester quadrangle. 

The boundaries between the Peters Creek schist and the 
mnscovite gneiss member of the "\Yissahickon formation are not 
clear-cut. The crumpled muscovite rock on the south passes 
without stratigraphic break or abrupt lithologic change into a 
smooth muscovite-chlorite-quartz schist, and this in turn into 
a more fissile muscovite schist without definite demarkation. 

ChaJ·acte1'.-The Peters Creek rock is a green mica schist, 
,,,ith yellow rust stajns, fine grained, and finely laminated. 
It differs from the mica schist to the northwest of it in being 
nonfissile. Fine granular quartz layers are interlea"ed with 
layers of overlapping scales of\nuscovite; green chlorite blades 
are develop"ed irrep;ularly throughout the quartz layers and 
more scantily in the muscovite layers. Octahedral crystals of 
magnetite are freely distributed through the rock, or their 
fotmer presenre is indicated by rust-lined cavities. 

The fine parallel lamination is presumably a secondary 
feature produced by pressure on a formation whose constituents 
responded to dynamic action by a completely parallel arrange
ment. The intensel,Y crumpled bedding is thus obscured or 
obliterated except in some of the transition beds between the 
Peters Creek schist and the 'Vissahickon formation. 

Thickness, correlation, and name.-On Susquehanna River 
the Peters Creek schist shows a thickness of 2,000 feet. In 
the Coatesville quadrangle the thickness is not determinable. 

The Peters Creek schist of this area is stratigraphically con
tinuous with the formation of the same name in Maryland. 
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although masses of whitf' quartzite strew the higher parts of 
the surfac:e, and small masses and fragments of conglomerate, 
or quartz pebbles deri,vea from its disintegration, are widely 
EOcattered where the Hellam conglomerate member crops out. 

Character and thickness.-The Chickies quartzite is chiefly 
a vitreous to granular quartzite, in part massive and in part 
thin bedded, with interbedded quartzose schist and sandy mica 
schist. (See pIs. 5 and 6.) At its base, and varying from place 
to place, lie conglomerate, pebbly granular sandstone, arkosic 
schist, and black mica schist, ,,,hich together are mapped as 
the Hellam conglomerate member. Beds of fine to moderately 
coarse conglomerate and granular sandstone containing rounded 
grains and scattered pebbles of' white, colorless, and clear blue 
quartz,are present ~n most sections. The Hellam conglomerate 
member is not so noticeably conglomeratic in that part of the 
~orth Valley Hills within the Coatesville quadrangle as it is 
in pla.ces to the east and west. Several of' its beds, however, 
carry large rounded grains and small pebbles of clear blue 
quartz, and its outcrop is generally marked by slabs or frag
ments of sandstone in which quartz pebbles can be readily 
seen. In the section along 'Vest Branch of Brandywine Creek 
above Coatesville the conglomerate member is not clearly dis
tinguishable, but on the hill west of the creek conglomerate 
beds are conspicuous. Conglomerate is more plentiful in the 
hills in the northwest corner of the Coatesville quadrangle, 
and in that area thick masses of hard conglomerate are 
used in making stone fences. On the hills north 'Of the 
Lincoln Highway, near Black Horse, cong'lomerate layers con
taining large grains and small and large pebbles of white and 
glassy blue quartz are interbedded with thin black tourmaline
bearing mica schist, quartzite, and quartzite schist, all of which 
are mapped as the Hellam conglomerate member. 

The thickness of the formation in the Coatesville quadrangle 
is estimated to be about 500 feet, and that of the Hellam con
glomerate member at the base is about 50 feet. The best sec
tion is that in the deep cut of the Pennsylvania Railroad west 
of Atglen (fig, 6). The three occurrences of quartzite in this 
section are explained as a double repetition by folding and 
faulting of a single heavy quartzite series in the midst of the 
formation. This interpretation is in accord with the measured 
section at Greentree, 5 miles to the southwest, and ·with other 
sections in the gorges through the North Valley Hills in the 
Coatesville quadrangle. The thickness in the gorge 2 miles 
southwest of Coatesville (see pI. 4) is 494 feet. 

Section of Cambrian arenaceous 1'ocks at Coates1Jille, Fa, 

Harpers schist and probably Antietam quartzite: 
Slivery miclWeou~ quartzose schist and mica 
schist __________________ _ _____ "_________ 27B 

Chickies quartzite: 
Thin quartzite and mica schist________ 270 
Vitreous quartzite and quartz schist HiO 
Sheared quartzite and quartz schist (the lower 

part is conglomeratic west of the creek-Hel-
lam conglomerate member) __ 1117 

Gabbro (pre-Cambrian), 507 

885 

The section at Greentree, 5 miles southwest of Atglen, is as 
follows: 

Section of Cambrian arenaeeOU8 1'ocks at Greentree, Fa, 

Harpers Bchist and possibly Antietam quartzite: 
DaJ<k-gray hard sandy schist, with quartz 
stringel's ____ _ 

Chickies quartzite: 
Covered; thin schist at base 
Vitreous to granular white quadzite, angu-

larly jointed________ _ ___ " ____________ • ___ _ 
Covered: quartzite fruglnents in sol1 _____ _ 
'Vhitl? sheared quartzite 01' qual'tz schist 'with 

pebbly beds and micaceous partings (HeHam 
conglomerate member) __ _ 

SOO± 

SOO± 

18 
280± 

94 
64.2± 

942± 

Age and corTelation.-The Chickies quartzite was named 
from Chickies Rock, a cliff on the east side of Susquehanna 
River 5 miles above Columbia. The formation there is a mas
tSiye-bedded qu~rtzite, exposed in an anticline 'wHich is' cut 
through by the river. A conglomerate at its base, which is 
not exposed in the river bluff but which comes to the surface 
in the Hellam Hills, west of the river, is composed of beds of' 
coarse conglomerate with rounded pebbles as much as 3 inches 
across, fine conglomerate, and granular sandstone, with pebbly 
schist at the base. These beds (represented in part by arkose 
and mica schist) are everywhere present in the Coatesville
West Chester district. They compose the Hellam conglomerate 
member. The Chickies quartzite rests unconformably on pre
Cambrian rocks. It contains many Scolithw; lineaNs, a fossil 
worm tube, which occurs in Cambrian and other Paleozoic rocks. 
Quartzite an4 shale that overlie the Chickies contain a, Lower 
Cambrian fauna, find the Chickies is therefore regarded as of 
Lower Cambrian age. 

FII1URE 6.-Graphic se(,tion of the Cambrian quartzose rocks in the (Iut of the Pennsylvania Railrou,d west of At,glen 

It obtains its name from Peters Creek, a tributary of Sus
quehanna River in southern Lancaster County, Pa., where 
there are fine eXpOS1,ll'eS of' the rock. ~ 

CAUBRIAN SYSTE~I 

ByGIilORGIOW, STOo;: 

The lower three Cambrian formations are the Chickies 
quartzite, with the Hellam coi:.glomerate member at its base, 
the Harpers schist, and the Antietam quartzite. The Hellam 
conglomerate member, although not so thick and prominent as 
it is in the Chestnut and Hellam Hills, to the west, is map
pable throughout the area as a narrow band at the base of the 
Chickies formation. The Antietam quartzite can not be dis
tinguished from the Harpers schist in most places in the North 
Valley Hills and)s there not separately mapped. The remain
ing Cambrian formations are calcareous and consist of the 
Vintage dolomite, the Kinzers formation, the Ledger dolomite, 
and the Elbrook limestone. 

CHICKIES QUARTZITE 

Disb·ibntion.-The Chi~kies quartzite crops out in the North 
Valley Hills, a nearly continuous ridge along the north side of 
Chester Valley. It forms the crest of the ridge, with Harpers 
schist and Antietam quartzite on its south slope, The basal 
beds, comprising conglomerate, arkosic and pebbly schist, and 
shiny fissile black mica schist, form a narrow blmd along the 
north side of the ridge, and where the ridge is cut through by 
deep gorges these beds may be seen in section dipping steeply 
to the south, The conglomerate-bearing basal beds beneath 
the main quartzite rest unconformably on pre-Cambrian rocks, 
The formation also caps hilltops in the northwestern part of 
the Coatesville qua.drangle. Here the beds are generally not 
so steeply inclined, and wider areas are covered by quartzite or 
white sand deriyed from its disintegration. At but few local
ities on the level upland can the rocks be seen in place, 

"Knopf, E. B" and Jonas, A. L, Stratigraphy of t.he crystalline schists 
of Pennsylvania and Maryland; Am, Jour. Sci., 6th Ber., vol, 5, p, 46, 1923, 
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Harpers sdtist and Antietam quartzite; :il-fica schist 
with many q UaJ'tz blebs or lenticular masses and 
a layer of porphyrit,ic biot.ite schist at base_ 

Chiekies quartzite: 
Quartz schist, mica schist, and thin quartzites __ 
Quartz sehist with layers of porphyritic biotite 

s(~hi8t and thin quartzites 

Chieflyschist __ 
Thin-bedded quartzite and quartz s(\hist, thicker 

bedded at ba~() ~ 
Miea schist __ 
Yitreous quartzite, thick-bedded above, thin-

bedded below __ , __ "_ _ ~___ _ __ _ 
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top _________________ _ 

Chiefly quartzite ___ . ___ _ 
Biotite ~chist and thin quartzite beds __ _ 
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The quartzite series comprises a main mass of thin-bedded 
quartzites 75 to 80 feet thick with more massive beds 15 to 25 
feet thick and an upper group of thick and thin bedded 
quart:dte 15 to 35 feet thick separated from the main mass by 
10 to 15 feet of mica schist. This marked sequence occurs 
three times in the section, as shown graphically in Figure 6, and 
is believed to be repeated by faulting accompanied by crump
lin!2: and crushing at the points marked. 

Another section, less well exposed and more obscured by 
folding and faulting, is that in the gorge of the West Branch 
of Brandywine Creek at Coatesville. A complete measure
ment could not be made because of the repetition of beds, 
difficulty in determining the dips, and obscure outcrops, but 
the following relations were observed: 

HARPERS SCHIST 

Distn:bution.-The Harpers schist forms the front of the 
North Valley Hills in the Coatesville quadrangle. It crops 
out as a rather straight band about a quarter of a mile wide. 
In the northweflt corner of the quadrangle it appears only in a 
small lenticular area on the north flank of the Mine Ridge 
anticline, and in a narrow area to the north, repeated by 
faulting. 

Cha1'acter and thickness.-The Harpers schist is a gray 
sandy micaceous schist with some harder beds of quartz schist 
and thin-bedded quartzite. In the section at the Atglen cut of 
the Pennsylvania Railroad (given above) several thin beds of 
quartzite are interbedded with the schist and two beds of schist 
that are spotted with coarse porphyritic flakes of biotite ure also 
present. The thickness measured in that section is 280 feet. 
In the gap at Coatesville the bedding in the Harpers schist is 
not determinable except where quartzite is interbedded with 
the schist, and the thickness ,,,as not measurable but is esti
mated to be about the same as at the Atglen cut. The overly
ing Antietam quartzite is not generally recognizable on thE' 
south flank of the Mine Ridge anticline and is not separately 
mapped there. On the north flank in the Coatesville quad
rangle the beds are not sufficiently well exposed to be 
measured but are apparently considerably thicker, for a few 
miles to the north, at the west edge of the Barren Hills, the 
thickness is estimated to be 1,500 feet. 

Age and correlaUon,-~o fossils have been found in the 
Harpers schist in this area. The underlying Chickies quartz
ite contains Scolithus, and the overlying Antietam quartzite 
contains fragments of shells and trilobites of Lower Cambrian 
age. The Antietam quartzite grades dowll\vard into the Harpers 
schist, and the Harpers i~ probably also Lower Cambrian. It 
is the equivalent of the phyllite that overlies the Chickies 
quartzite at Chickies Rock and in the Hellam Hills, which in 
turn is correlated with the Harpers slate of South Mountain, 
Pa., and Harpers Ferry, W. Va. 



ANTIETAM QUARTZITE 

Distribution.-The Antietam quartzite probably occurs along 
the south face of the North Valley Hills from Coatesville east
ward, but as it has been observed at only one place in the area 
and at a few other places to the east it has not been separately 
mapped in the North Valley Hills but is included with the 
Harpers schist. North of Thorndale, on a spur of the North 
Valley Hills, it is recognizable by its characteristic ferruginous 
quartzite beds. West of Coatesville, where the Conestoga 
limestone unconformably overlies the siliceous Cambrian rocks, 
the Antietam may be absent, having been eroded during pre
Conestoga time. On the north.. flank of the Mine Ridge 
anticline, in the' northwest corner of the Coatesville quadrangle, 
the Antietam quartzite is present in two areas separated by a 
fault, and these areas are mapped. 

Charactel' and thic1cness.-The Antietam quartzite comprises 
gray laminated quftrtzite and quartzose schist, rust-spotted and 
stained on bedding surfaces. It normally overlies the Harpers 
schist and forms the top of the arenaceous series of Cambrian 
~ediments. It is apparently very thin on the south flank of 
the Mine Ridge anticline, and its characteristic sandstone beds 
have been observed at but few places in the Korth Yalle.y Hills, 
Korth of Thorndale a plunging minor anticline on the flank of 
the main ::\fine IUdge anticline exposes the Antietam quartzite 
on a spur at the north border of the Coatesville quadrangle. 
Here very thin beds of platy quartzite interbedded with sandy 
mica schist and shale, show the characteristic rust-stained 
depressions on bedding surfaces which, in less metamorphosed 
rock to the north, are seen to be molds and casts of fossil shells 
and trilobites. The observed thickness was not over 50 feet, 
but the formation may be much thicker. 

In the extreme northwest corner of the Coatesville quad
rangle a prominent hill is composed of rust-specked granular 
quartzite and sehistose gray sandy beds 'with rusty laminae, 
characteristic of the Antietam. Its thickness there can not be 
determined, but on the flanks of Barren Hill, a few miles to 
the north, it il:; estimated to be 150 feet thick. 

Age and correlation.-No recognizable fossils were found in 
the formation in these quadrangles, but a short dist.ance to the 
north, in T-hrren Hill and "'"ralsh Mountain, molds and casts 
of fossils were observed. In the Hellam Hills and Chickies 
Hill, north of Columbia, fragments of trilobites of the genus 
Olenellus and of shells of the genus Obolella, too poorly pre
served to determine the species but of Lower Cam brian age, 
were found in this formation. The same fossils occur in the 
Antietam sandstone of' South Mountain and of the Blue Ridge 
in Virginia, and as the formation has the same stratigraphic 
position it is considered to be the same as the Antietam sand
stone of those regions. 

Dif5t1·ibut1:on.-The Vintage dolomite is represented on the 
map as a narrow band along the uorth border of the Chester 
Valley in the northeastern part of the Coatesville quadrangle, 
although it is exposed at only a few places. The formation is 
overlapped by the Conestoga limestone 2 miles southwest of 
Coatesville and does not crop out in Chester Valley beyond that 
point. .A. small area of the formation is infolded in a syncline 
of Antietam quartzite in the north west corner of the Coates
ville quadrangle. 

Character and thiclcness.-The formation is deeply weathered 
in most. places to a thick mantle of dark maroon-red residual 
clay soil and is covered by quartzite wash from the Korth 
Yalley Hills. Where exposed, it consists of dark-blue glisten
ing granular dolomite, generally having a wavy knotted tex
ture due to impurities that weather in relief. In its typieal 
exposures in the Ll:1llCaster Valley there is an impure white 
knotty marble at the base and coarse to fine grained massive 
light-gray dolomite in the upper part. The thickness of the 
formation in this area can not be measured but has been est.i
mated from the width of its outcrop to be approximately 
300 feet. 

Age and c017elation.-The Vintage dolomite is the basal 
calcareous formation of the Cambrian and Ordovician lime
stone series and resembles in eharacter and is equivalent to the 
lower part of the Tomstown dolomite of the Oumberland Val
ley, south-central Pennsylvania. It was named from Vintage, 
a village in the Lancaster Valley, where most of the formation 
is excellently exposed in the Pennsylvania Railroad cut. In 
Lancaster Valley trilobites, shells, and cystid plate.'! of Lower 
Cambrian age have been found in this formation and are 
especially plentiful in its upper layers. 

D1·~tribution.-The Kinzers formation is mapped as a narrow 
band coextensive with and adjacent to the Vintage dolomite in 
the northeastern part of the Coatesville quadrangle. It like
wise is overlapped by the Conestoga limestone 2 miles south
west of Coatesville and does not erop out in Chester Yalley 
beyond that point. Its residual debris forms a small knoll 
northeast of Thorndale. Elsewhere it is represented by a low 
ridge of sandy micaceous soil. 
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Character and thickness.-The formation as exposed in the 
vicinity of Thorndale consists of interbedded highly micaceous 
limestone and calcareous mica schist. The more impure layers 
weather to slab by fragn~ents of rust-stained laminated mica 
schist. Some of the fresh rock is a bluish laminated granular 
limestone spangled with mica. Elsewhere in the area it has 
disintegrated into a micaceous sand, which has been dug for 
bnilding sand from Coatesville northeastward for over a mile, 
the outcrop now being marked by a line of elongated shallow 
sand pits. In the Pennsylvania Railroad cut at Vint.age, near 
the type . locality, the formation is composed of dark shale at 
the base overlain .by dark banded argillaceous limestone, 
earthy dolomite, and spotted white and gray marble, in all 150 
feet thick. 

Age and correlation.-The Kinzers formation was named 
from Kinzers station, on the Pennsylvania Railroad in Lan
caster Valley, where it is excellently exposed in railroad cuts. 
In that locality it contains the Olenellu8 trilobite fuuna of 
Lower Cambrian age. Although its characteristic beds have 
not been observed in Cumberland Valley, the Kinzers is 
believed to represent the middle part of the Tomstown dolo
mite of that region. 

Di;tribntion.-The Ledger dolomite occupies the central 
lowland P9rtion of the Chester \"ralley from Coatesville north
eastward·to Downingtown. Its outcrop is about half a mile 
wid€; but tapers out 1 mile southwest of Coatesville, where it 
is overlapped by the Conestoga limestone. The formation 
crosses the extreme northwest corner of the 'Vest Chester 
quadrangle and is present in a small area in the lowland at the 
northwest border of the Coatesville quadrangle, north of the 
fault. 

OhaJ'acter and thic1cness.-The formation is almost invariably 
granular crystalline light-gray to white dolomite, in plares 
speckled or mottled with drab. It is generally a very pure 
carbonate roek of dolomite eomposition but locally contains 
beds of high-calcium marble. It commonly weathers to a 
characteristic deep-red granular soil, rom posed of residual clay 
and dolomite grains, whieh is yery fertile. The subsoil sur
fare of the dolomite is in places very irregular, owing to 
differential erosion. (See pI. i.) In the western part of 
Coatesville about 130 feet of 'white granular dolomite of this 
formation, exposed in a quarry, is so massive and homogene
ous that no bedding planes are observable., Similar dolomite 
has bee~ quarried in the eastern part of Coatesville and at 
several plaees farther east. The estimated thickness of the 
formation is 600 feet. 

A,ge and cor1·elation.-The Ledger dolomite was named for 
exposures at Ledger, Lancaster County, Pa. It generally 
contains no visible fossils, but some weathered surfaces show 
conrentric markings which are evidence of organic life, perhaps 
sponges or some similar low form. The formation is belie\'ed 
to represent the upper part of the Tomstown dolomite of 
Cumberland Valley and to be of Lower Cambrian age, 

Distribution.-A narro,,, band of the Elbrook limestone 
occurs along the south side of Chester Valley in the northeast
ern part of the Coatesville quadrangle and the northwest 
eorner of the 'Vest Chester quadrangle. It emerges from 
beneath the overlapping Conestoga limestone in the vicinity of' 
CaIn and is exposed alonp; the Pennsylvania Railroad track as 
far as the southern part of Downingtown, where it passes out of 
the area. 

Character and thicknesll'.-The Elbrook is a finely laminated 
fine-grained marble, in part dolomite, in part limestone. The 
lamination, in places highly contorted, is more clearly observ
able on weathered surfaces. Muscovite and serieite spangle 
the cleavage and bedding planes in places. The formation 
generally weathers to shaly porous fragments and to a light
yellow ocherous soil, due to fine clayey impurities. At Gal
lagherville 15 feet or more of pure-white eoarsely crystalline 
s[lccharoidal marble, in beds 2 to 3 feet thick, is included in 
the Elbrook formation because it seems to merge with the 
lower beds of that formation. It may, however, represent a 
locally pure calcitic part of the underlying Ledger dolomite. 
Both the white marble and the Ledger dolomite are quarried 
at GallHgherville, and the laminated phase of the Elbrook is 
quarried at Downingtown. The e3timated thickness of the 
formation in this area is about 300 feet. 

Age and cO't'rclat-ion.-The Elbrook limestone in this area 
does not so closely resemble the limestone at Elbrook, near 
Chambersburg, Pa., as the Elbrook limestone of Lancaster Val
ley or even of other parts of Chester Valley. In the viciuity 
of Lancaster the laminated limestone is characteristically earthy 
and resembles the typical Elbrook in that it weathers to a 
yellow tripoli and light earthy soil. It contains no fossils, 
and the eorrelation with the typical Elbrook is based on 
lithology and stratigraphic position-that is, it lies between the 
Ledger (=uppel' part of Tomstown dolomite) beneath and the 
Conococheague limestone above. The Conocoeheague crops 

out east of Downingtown, north of the 'Vest Chester quad ... 
rangle. The Elbrook is of Middle Cambrian age. 

ORDOVICIAN SYSTEM 

By GIIlORGE W. $T09" 

Distribu.tion.-The impure limestone to which the name 
Conestoga has been applied underlies the larger part of the 
Chester Valley in this area. It occupies the full width of the 
valley in the western half. of the Coatesville quadrangle. Its 
area gradually narJ,'ows from three-quarters of a mile to about a 
quarter of a mile at Coatesville and maintains this width to 
DowningtowI\, where it passes out of the West Chester quad
rangle. Owing to its ilIipure character it does not weather so 
readily as the purer limestones and makes low hills and ridges 
in the valley bottom, covered with micaceous tSllndy sO.il filled 
with slaty particles in places and broken by outcrops of mica
ceous limestone. On the south side of the valley it is largely 
concealed by phyllite and schist wash from the South Yalley 
Hills. 

Character and thickness.-T4e Conestoga is in general an 
impure thin-bedded blue to gray limestone. The purer lime
stone is generally granular and filled with mica flakes which 
lie parallel to the cleavage and generally to the bedding. The 
partings are dark, elayey, slaty, and micaeeous, producing a 
marked banded and rihbed rock on weathering. Much of the 
limestone is dark and argillaceol)ls. Some beds are so impure 
that they weather to shale, part·of' which is black and graph
itic. Mauy of the basal beds are conglomeratic and eon
tain pebbles and large masses of' granular white to gray 
marble in a gray limestone matrix. This is especially well 
shown in an old quarry 2 miles northwest of Downingtown, 
north of the 'Vest Chester quadrangle (pI. 8), where the highly 
impure limestone grades dmvn into purer limestone t.hat grad
ually becomes less mieaceous and resembles the folded, some
what micaeeous granular marble of the Conestoga quarried 
at Quarryyille and is with diffirulty distinguished from the 
underlying Elbrook limestone. Some beds contain much 
quartz sand and weather to a porous sandstone. A low ridge 
in the middle of the valley extending from Pomeroy westward 
is covered with sand derived from the disintegration of such 
sandy limestone. The thin-bedded limestones are generally so 
highly plicated that the thickness can not be estimated with 
assurance, but there is at least 500 feet of the formation and 
probably much more where the outcrop is ·widest. 

Age and c01'relation.-No fossils have been found in the 
Conestoga limestone in Chester YaUey. It is clearly uncon
formable on all the limestoneA3 there exposed, and in the vicin
ity of Norristown it o,'erlies the Beekmantown limestone, of 
Lower Ordovician age. In Lancaster Valley fossils of Lower 
Ordovician age (probably Chazy) have been found in it. The 
formation is very widespread in I.ancaster Yalley and is typi
cally exposed along Conestoga Creek, whence its name. 

TEH.TIARY SYSTEM 

Character and disi1-ibution.-A thin deposit of yellow gravel, 
locally associated with a considerable thickness of sand' and 
some clay, occurs on the upland north of Wilm.ington. The 
pebbles are mostly quartz and quartzite. Five small areas are 
mapped, ranging in altitude from 300 to 420 feet. 

Age and cOTrelation.-This gravel is the higher and there
fore the older of two old upland gravel deposits. The name 
Brandywine, at first applied to both of these deposits, has heen 
restricted to the lower gravel, and Bryn Mawr is applied to the 
upper gravel, which is regarded as probably of Pliocene age. 
Similar high-level gravel occurs in the neighborhood of Bryn 
Mawr, the type locality, northeast of this area. 

QUATERNARY SYSTE1If 

Character and distribution.-Gravel, sand, and clay thinly 
co\'er several flat terraces in the southeastern part of the 'Yest 
Chester quadrangle at altitudes of 220 feet or less. The most 
clearly defined deposit is that which caps the 220-foot tel'raee 
north of Edgemoor. 

Age and correlation.-This gravel, containing pebbles less 
roughened than those of the Bryn Mawr gravel and oceurring 
at a definitely lower leyel, is younger and probably of early 
Pleistocene age and is correlated with gravel on the upland at 
Brandywine, Md. 

Cha1'acter a.nd distriblltion.-In northern'Vilmington and 
farther west there are three areas of the Sunderland formation 
on terraces at 140 to 180 feet. The basal part of the forma
tion is usually the coarser and contains pebbles and some 
boulders of quartz and erysta1line rocks, mU:l1y of which are 
decomposed. The coarser material is generally cross-bedded 
and probably stream-borne. . Some large boulders are ice
borne. The finer material is stratified and lenticular. 



,Age and oorrelalion.-The formatloll is an alluvial deposit 
that lies on the highest of three low terraces in the Coastal 
Plain which are covered with such gravel. It was named 
from Sunderland, Md., where gravel of this terrace is well 
exposed. It is f1f early Pleistocene age. 

Oharacter and thickness.-Clay, peat, sand, and gravel cover 
the lowland from Brandywine Creek to Edgemoor, in the 
southeast corner of the West Chester quadrangle. The deposit 
covers a terrace about 40 feet above sea level. The coarser 
material, including some cobbles and boulders, occurs at the 
base of the formation, and finer material at the surface. The 
pebbles are fresh and unweathered. 

Age and correlation.-The formation is the lowest and 
youngest of the terrace gravels along the Coastal Plain and 
was named from Talbot County, Md~, where it covers a wide, 
fiat terrace. It is of late Pleistocene age. 

IGNEOUS ROCKS 

The Coatesville and West Chester quadrangles contain 
igneous rocks of pre-Cambrian, Paleozoic, and Triassic age. 
The pre-Cambrian igneous rocks occur as batholiths, dikes, 
or minute sheetlike injections into pre-Cambrian gneisses. 
There are also dikes that intrude Paleozoic sediments and 
others that cut Triassic rocks. No volcanic rocks have been 
found in the quadrangles. 

The plutonic pre-Cambrian igneous rocks, which are the 
most abundant, belong to the granite, gabbro, pyroxenite, and 
peridotite families. They are regarded as differentiates of 8. 

common magma and form an assemblage that shows an inti
mate intenningling of types and gradation.s between types. So 
closely do quartz gabbro, quartz diorite, and the memmor
phoaed invaded sedimentary gneiss resemble one another in 
color, constituents, and massive character, so irregular and 
confused are their contacts, that in the absence of good 
exposures the boundaries drawn have not the same signifi
cance as lines between well-defined sedimentary formations· 
The map represents the preponderance of one or another of the 
types rather than the exclusive occurrence of a single type. 

These igneous rocks in places have a foliated texture. The 
foliation is due in part to the interlayering of several distinct 
igneous types and in part to the layered arrangement of the 
mineral constituents in single types. It is limited principally 
to the peripheries of the large intrusive masses or is found 
where smaller intrusive masses have yielded to compression. 

Similar plutonic intrusions are associated with pre-Cambrian 
gneisses throughout the Atlantic provinces. They form an 
important part of the pre-Cambrian complex of the Adiron
dack Mountains; they appear in the Highlands of'New Jersey, 
where they have been described under the names Byram 
gneiss, Losee gneiss, and Pochuck gneiss. They continue 
through Pennsylvania and Maryland. In Tennessee and 
the Carolinas similar rocks, probably belonging to the same 
period of intrusion, are termed the Cranberry granite and Roan 
gneiss. 

The pre-Cambrian igneous rocks of Pennsylvania are all 
lime-rich. Alkaline feldspatboid minerals and even soda. 
bearing pyroxenes and amphiboles are altogether lacking. 
The igneous rocks of these quadrangles are part of a zone of 
lime-rich rocks, presumably differentiates from a single magma" 
which crop out west of an Atlantic zone of soda-rich igneous 
rocks in eastern New England. 

GRANITE 

Distrihution. - Although in this district there is exten
sive granitic saturation of the pre-Cambrian gneisses and 
although there occur numerous pegmatite dikes, outcrops of 
massive granite are almost completely lacking. About 2t miles 
north of Kennett Square a quarry has been opened in what 
appears to be a small mass of granite. In an old quarry near 
Wawaset station a massive light-colored granitic rock is 
exposed in the midst of gabbro. 

Oharacter.-The rock north of Kennett Square is light 
colored, medium to fine even grained, and of gneissoid texture. 
The constituents are quartz about 50 per cent, feldspar (ortho
clase, rnicrocline, and andesine) about 45 per cent, and biotite 
with accessory zircon and secondary muscovite about 5 per· 
cent; the rock is specifically a quartz monzonite. The mass 
invades the Baltimore gneiss and the Setters formation. 

The rock at the Wawaset quarry is medium fine grained 
and consists of quartz, feldspar (orthoclase, microcline, and 
andesine-labradorite), scanty biotite, and hornblende. This 
rook also is of a quartz monzonite type. 

GABBRO 

DiBtrihution.-Gabbro occupies a large area in the south
eastern part of the West Chester quadrangle and extends into 
the Chester and Wilmington quadrangles. Gabbro also 
appears at the surface in several large masses in the northern' 
and central parts of the West Chester quadrangle and occurs 
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in innumerable small intrusions throughout the Coatesville
West Chester district. 

Oharacter.-The iutrusions that have the smallest mass have 
been least able to resist dynamic action and are the most 
altered. The orj~inal rock type is found in the larger masses. 
The normal type is a hypersthene ~bbro (norite) or an augite 
gabbro, with or without quartz. The rock is medium grained, 
of a medium gray or bronzy color except where excessive second
ary hornblende gives it a green color. The rock weathers to 
rusty brownish-gray spheroidal boulders. The principal con
stituents are feldspar (labradorite chiefly, labradorite-bytownite, 
and bytownite-anorthite) and pyroxene (hypersthene or augite 
or both). Accessory constituents are quartz, biotite, horn~ 
blende, ,garnet, apatite, zircon, titanite, ilmenite, magnetite, and 
pyrite. Secondary constituents are hornblende, scapolite, 
epidote, chlorite, magnetite, zoisite, muscovite, kaolin, calcite, 
and leucoxene. Where quartz is not present as an essential 
constituent, feldspar constitutes 45 to 50 per cent of the rock, 
the pyroxene or hornblende 40 to 45 per cent, and the acces
sory constituents 5 to 10 per cent. 

The texture is holocrystalline and phaneroorystaJllne; the fabric is 
appro.x:imately equigra.nula:r. xenomorphic, equant, and tabular or prismoid. 
Where horublende is developed, the tabular crystals have a parallel 
a.rrangement. The gabbro qUlU'l'ied near Wilmington is a. more silicic type. 
It is Ughter colored owing to abunda.nt blue quartz (about 80 per cent) and 
domina.nt reldspa.r (about 60 per cent), with not more than 10 per oent of 
pyroxene. The feldspar is chiefly andesine of a.ppro:x:i.ma.tely the composi
tion Ab, An l . Orthoclase and a plagIoclase more calGio than the andesine 
a.re seantl1y present. Garnets are a characteristic accessory constituent. 
freely distributed throughout the rock and also peripherally developed 
a.bout the pyroxene or amphibole constituent or even about the magnetite. 
The peripheral garnets owe their origIn to chemical reactiollB between the 
feldspar and the ferroma.gnesian constituents. 

Near Concordville the gabbro is porphyritic with phenocrysts 
of plagioclase laths half an inch in length. 

The following analyses represent gabbro from the Pennsyl
vania Piedmont province, collected at localities adjacent to the 
Coatesville and West Chester quadrangles on the north, east, 
and south: 

Analyses 01 gabbro 

, I , . . . -'1-' . -------
SiO, __ ~ __ 64.26 58.57 M.16 04.08 49.67 48.88 48.02 '4.04 
AI,O. ____ 10.88 10.10 17.51 16.71 18.19 14.89 20.01 20.01 
Fe.OI ___ 2.74: 2.89 2.62 1.87 .88 4.00 1.1B 4.22 
FeO _____ 1.4:4 B.12 5.88 7.70 19.84 10.09 7.29 8,61 
KgD _____ 2.80 2.B8 4." .... 2.12 ... 10.05 5.01 
CaO _____ 7.44 7.B9 8.00 8.84 9.70 9.28 11.4:2 11.88 
NaIO ____ BAS 2.11 1.88 2.99 2.74 2.81 .51 1.24 
KIO _____ .77 1.01 1.08 .67 .84 .47 .05 .10 
H.O+ ___ .00 1.27 2.01 .58 .74 2. OS .57 1.90 
B.O- ___ .10 .21 .18 .14 .10 .46 .10 .11 
TlO, _____ .46 lAl .64 .84 2.01 1.69 .2B '.24 
ZrO, ---- .02 .0' .0' Not Trace. Not None. .10 

est. est. 
CO. _____ -------- None. None. .40 None. None. ." None, 
P~OI ____ .16 .97 .• 1 .13 .58 .29 Trace, .52 
FeB ______ -------- Trace. .08 ---"---- -------- .11 ." B ~ _______ TrMe. "--- .0' ." Trace. 

-"--~--- ---~----

01',0. ___ -------- None. Trace. Trace. -------- -------- .08 None. 
V.O I _ .02 .01 -----~-- -------- -------- .02 .05 
NiO ___ -_._----- None. ",01 Trace. -------- Trace. .01 .01 
MnO ____ .0' .18 .1' .1' .97 .B2 .18 ... 
BaO.~_~_ None. Trace. Trace. Trace. Trace. Trace. None. None. 

. BrO ______ -------- Trace . Trace. Trace. 
~~------ None. None. None. 

Li,O _____ -------- Trace. Trace. Trace. -------- Trace. None. Trace. 

100.08 100.07 100.17 100.28 100.10 100.18 99.98 100.42 

"(Nl,Co)O. 

----I--~~~~~~~ 

Quartz _________ . 24.00. 21.60 18.50 4.68 MO 2.82 0.80 2.10 
Orthoclase _______ '.45 6.12 <67 8.89 .... 2.78 .56 1.11 
Albite ___________ 28.82 17.82 15_20 25.15 28.06 19.89 4.19 10.48 
Anorthite _______ 25.85 81.41 88.42 80.80 86.14 27.52 51.99 48.87 
Diopside _________ 7.99 .... '08 10.44 7.44 18.44 8.88 0.28 
Hypersthene ____ 8.80 11.50 18.70 20.50 21.40 22_00 85.65 19.18 
Zircon ___________ ------- ------- ------- ------- ---~~~- -~----- .18 
Magnetite _______ 8.25 4.18 8.'11 '.0Il .46 '.80 1.62 6.08 
Ilmenite _________ .9! 2.74- 1.22 1.67 '.80 B.19 .46 4.26 
Apa.tlte __________ .84 1.01 .B4 .84 1.84 .67 1.84 
Hematite________ .48 ______________________ ~_~ ___ ~_ •• _______________ _ 

Pyrite ______________________ .. __ .08 .18 .60 _______.11 .25 

Water±: _________ .65 1.48 2.19 .67 .89 2.49 .67 2.01 
Miscellaneous ___ .04 .11 .05 .40 ______ • _______ .81 .06 

100.08 100.29 100.11 100.26 100.05 100,10 99.99 100.60 

1. "II.4.8(4).4{5). HOl'nblende-grano-placeross-tonaloee. 
2. II.4.4.4. Biotitio hornblende-grano·ba.ndose. 
8. II.4.4.4. Biotitlc hornblende-grano-bandoee. 
4. II(III)."6."4.4{5). Auglts.grano·heIlS086. 
5. II(III).5.4"5. Auglte-grano-hessose. 
6. III.5.4.(4)\'i. Hornblende-grano-auvergnose. 
7. "III.IU.{4)5. Grano-ketiabekose. 
8. II(III).5.(4)5. "5. Biotitic hornbleD,de·grano-oorsose. 

1. Quartz gabbro. ha.!f a mile northeut of Devault. Pa... PhoenlxvUle 
quadrangle. Speclflc gravity 2.890. 

2. Quartz·biotite metagabbro, foundry on Stone Run, OecIl County, 
Md., Havre de Grace quadra.ngle. SpeGiflc gravity 2.902. 

8. QIla.rtz-biotite metagabbro, Porter Bridge, Oetomro Creek, Cecil 
County, Md .• Havre de Grace qua.drangie, 

4. Ga.bbro, Radnor, Pa. 
5. Gabbro. 1 mile northeast of Fontaine, Chaeter County, Pa. Honey

brook quadrangle. 

8, Metagabbro, Roberts road. one-eighth of a mile west of Gulf Milla 
road, Bryn Ma.wr, Montgomery County, PL, Norrilltown quadrangle. 

7. Hypersthene gabbro (norlte), McKeneey's Mill, Cecil County, Md., 
Havre de Grace quadrangle. 

8. lIet&ga.bbro, Btone Run, Cecil County, Md., Havre de Graee quad· 
rangle. 

All the analyses were made in the laboratory of the U. S. Geological 
Survey-No.1 by R. C. Wells, No.8 byW. T, Schaller; the others by W. F. 
Hillebrand. Nos. 2, 8, 4, and 8 were made for A. G. Leona.rd. (Basic rocks of 
northeastern Maryland: Am. Geologist, vol. 28, pp. 146, 151-152, 1159, 19(1). 

The a.pplicatlon of the quantitative system of classiflcatlon to the gabbro 
of the Pennsylvania. Piedmont brings out the fact that the gabbroio intru
mon is not of the eame chemical oomposition throughout but ranges in 
basIcity through two clueeil. The auvergnoee is the typical hyper8thene 
gabbro or norite. Tona.!oee and bandoee are quartz gabbros and grade 
ehemica.l1y an,d lithologioally into quartz diorite. The quartz gabbro ill 
domlic-that is, the ferromagnesian 01' melanocra.tic constituent8 (pyrox
ene and iron oxide) are less than 87.5 pel' cent of tbl;l rock, and the saJic 01' 

leucoeratio collBtltuents (quartz and feldspar) form more tha.n 62.5 per cent 
of the rook. They are quardofelic-that is, feldspar Is dominant over the 
quartz. The other types are sa.!lemic 01' nearly so-that is, the salic an~ 
femic cODstituents ha.ve a.bout the lame percentage. They are partello
tha.t is, feldspar is extremely dominant over the quartz; docalcic or perca.!
Gic; and persodic-that is, soda is invarla.bly preaent in larger amount than 
pota.S8&. 

A.qe.-The gabbro intrusives are confined to pre-Cambrian 
formations and chiefly to the Baltimore gneiss and the Wis
sahickon formation. The protracted igneous activity of pre
Cambrian time ceased before Paleozoic time began, and the 
gabbro is late pre-Cambrian or post·Wissahickon. 

Distrihutwn.-8erpentine and related rocks appear at . the 
surface in these quadrangles in many small isolated outcrops.· 
Associated outcrops presumably represent disconnected expo~ 
sures of a single large mass. At Westtown School drilled wells 
that are 'in the line of strike between outcrops of serpentine 
distant 1 and 2 miles to the southwest and northeast have 
penetrated serpentine which presumably is part of a continuous 
mass connecting these outcrops. 

There are 46 mapped outcrops of serpentine and related 
rocks in the West Chester quadrangle and 9 in the Coates
ville quadrangle. The largest area of serpentine is near Mount 
Cuba, 3, miles east of Hockessin; another lies 1 mile northeast 
of Unionville; and there are many small areas northeast of 
Mount Cuba and south, east, and northeast of Unionville. 

Oharacter.-8erpentine is one of the most readily recognized 
of rock types because of its softness, uniform texture, and 
characteristic green tints. The range in color, however, is 
considerable; in addition to many shades of yellowish green, 
grayish green, blue-green, and emerald-green there are varieties 
of reddish brown or buff or even white. Light colors and an 
earthy texture are usually associated; dark colors accompany 
a compact texture; grayish-green colors a fibrous texture due 
to the development of such minerals' as talc, asbestos, or tremo
lite. The rock is traversed by numerous irregular and 
interrupted joint planes, whose surfaces are in many places 
slickensided. 

A final alteration product of the serpentine is a rusty-yellow 
siliceous rock composed of cryptocrystalline quartz, jasper, 
chalcedony, or opal, colored by limonite and having a cellular 
or honeycomb texture due to the complete removal of the mag
nesium silicate. As it weathers less readily than other rocks, 
owing to its chemical stability, serpentine forms low hills and 
ridges in which bare rock is exposed or is covered only with a 
scanty depth of yellowish-green .oil. The soil derived from 
serpe;ntine and the general aspect of the country underlain by 
serpentine are distinctive. The sterility of the ~lled honey. 
comb-rock soil, which is well known among farmers, is due as 
much to its thinness and inability to hold water as to its 
chemical composition, which is unfavorable for vegetation 
because of the absence of lime and the presence of magnesia. 
Thus even a small area of serpentine offers a notable contrast 
to the surrounding country. A cultivated and fertile soil 
may give place abruptly to a relatively barren soil that sup
port. a scanty vegetation; ground pink (Phlo. Bubulata), cat 
brier, cedars, and stunted pines characterize the serpentine hills, 
which are for the greater part left uncultivated. 

The origin of serpentine from pyroxenite (a nonfeldspathic 
pyroxene-bearing rock) and from peridotite (a nonfeldspathic 
olivine-pyroxene rock) has long been recognized. Serpentine 
originating from a pyroxenite is likely to be somewhat fibrous 
and to have associated with it tremolite, anthophyllite, or 
smaragdite-minerals representing intermediate stages in the 
passage of pyroxene to serpentine. Serpentine originating from 
a peridotite is more massive and shows under the microscope 
a mesh texture due to the development of the serpentine 
along the periphery of the olivine and along a network of 
cracks in the olivine. Olivine cores may still remain where 
the alteration is not quite complete. Besides the associated 
minerals already mentioned, there is a considerable list of 
accessory and secondary constituents, among which chromic 
iron, magnetite, calcite, quartz, and talc (steatite) are the most 
common. 

Chrome are was mined in the "State line serpentines" south
west of the Coatesville-West Chester district as early as 1828, 
ceased to be mined about 1882, and was again mined in 1918, 
during the World War. Some of these chrome ore mines, 



notably Wood's mine, have been famous collecting ground for 
the rarer minerals associated with serpentine, such as brucite, 
clinochlore, dewey lite, zaratite, picrotite, magnesite, hydro
magnesite, and williamsite or precious serpen.tine. 

The rock in the Mount Cuba area mapped as serpentine is in 
part pure serpentine of a pale-green color and smooth texture, 
containing magnetite crystals and lustrous scales of talc; in 
part a massive dark-green peridotite (wehrlite) composed of 
augite and serpentinized olivine; in part a medium-green peri
dotite of fibrous texture with a rough rusty-yellow weathered 
surface composed of tremolite, augite, and serpentinized olivine; 
and in part a massive green gabbro containing hypersthene, 
hornblende, and labradorite. 

The dark mottled serpentine that forms a low ridge halfway 
between 'Vesttown and Oak bourne stations is a peridotite 
(wehrlite) that originally contained augite and olivine, now 
serpentinized, with magnetite, calcite, and steatite as by
products. 

The serpentine a mile west of Pleasant Grove, which is 
famous for the building stone that has been taken from a large 
quarry in it owned and operated by Joseph H. Brinton, is a 
pale, faintly mottled green rock of an unusually uniform char
acter. A mesh texture, indicative of olivine as an original 
constituent, and trares of enstatite demonstrate the derivation 
of the serpentine from a peridotite, but as a rule the rock shows 
little trace of the original constituents; steatite a.nd calcite are 
accessory minerals. Brinton's quarry exposes pegmatite intru
sive in the serpentine. The pegmatite with associated hydro
thermal injections, the peridotite, and the contact minerals 
presllmably produced by this combination have made the 
quarry a hunting ground for mineral collectors. Among the 
minerals obtained here are chromite, anthophyllite, tremolite, 
asbestos, ripidolite, talc, magnetite and other iron oxides, 
amethystine quartz, aragonite, dewey lite, saprolite, magnesite, 
beryl, tourmaline, apatite, and notably jefferisite. 

The serpentine of the Pocopson schoC)lhollse area, three
quarters of a mile southwest of Lenape, is derived from a 
coarse-grained peridotite containing hypersthene, olivine, and 
tremolite and shovdng the poikilitic fabric. Just northeast of 
this area and in the line of strike is a sharply defined conical 

. mass of peridolite which forms an abrupt hillock in otherwise 
flat land. The chara.cter of the rock, heavy and dark colored, 
and the nature of the exposure, an isolated mass apparently 
dropped and partly buried, have led the neighboring farmers 
to call it a meteorite. The rock is a partly serpentinized 
oliyine-diopside peridotite (wehrlite). Olivine and diopside 
are present in about equal amounts, aud the only accessory 
constituent is magnetite or ilmenite. 

The serpentine 2t miles west of Pocopson schoolhouse, a 
grayish-blue rock, contains more steatite than serpentine. The 
serpentine area 1 mile nortlnvest of Red Lion is a serpentinized 
pyroxenite, an actinolite-augite rock. 

The large area of serpentinized peridotite 1 mile northeast of 
Unionville, is notable for the association with it of pegmatites 
and corundum. The corundum, which was at olle time mined 
for abrasive uses, is reported to ha\'e occurred very irregularly 
in considerable granular masses and in ellhedral crystals with 
albite, tourmaline, and margarite. The association of the 
corundum seems always to have been with the pegmatites in 
contact with peridotite. With the present exposures there is 
little basis for determining 'whether the corundum originated 
as a product of desilication of' the pegmatite by the perido
tite or as a product of crystallization from hydrothermal solu
tions charged with alumina. Loose erystals of corundum have 
been at times picked up in the soil but are now hard to find. 
This locality, known as Corundum Hill, has been famous 
as a source of mineral specimens. The minerals usually 
associated with meta peridotite and the minerals of' pegmatite 
are found here; the more notable ones, in addition to corUlI
dum, are asbestos (mountain cork), clinoehlore, talc, spinel, 
pyrite, magnetite, hematite, limonite, the alkali feldspars, 
margarite, tourmaline, muscovite, pattersonite, brucite, gibbsite, 
and jefl'erisite. 

The outcrop of serpentine and steatite 2 miles north of 
Corundum Hill is said to have furnished material to the 
Indians for the manufacture of pots. The area mapped as 
serpentine half a mile south of Laurel, on the West Branc,h of 
Brandywine Creek, is in large part a fissile steatite 01' soapstone. 

In West Bradford Township 2~. miles northeast of Romans
ville there is a very small outerop of a pale-green finely crystal
line magnesite rock. The index of refraction (w=1.72) indi
cates that the magnesite may contain a small percentage of 
siderite (iron carbonate). 'rhe rock is somewhat siliceous a11(l 
owes its color to the presence of a chromic muscovite, fuchsite I 0 

(containing 3 per cHnt Cr 20 3 ), and a little chlorite. The 
nature of the occurrence and the mineral constituents-quartz, 
magnesite, and fuchsite-suggest that the rock represents all 
ext.reme phase of alteration of a peridotite. 

The serpentine neal' West Hadsbury schoolhouse, 1l miles 
north of Atglen, contains much actinolite and biotite and 
some talc or steatite. A mile north of Sadsburyville there is 

-----------,--._--. --~------- .--~-~-

'"Wherry, E. T .• U. S. Nat. Mus. Proc, vol. 40, liP. 46.,)-466, 1916. 
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an area of dark-green serpentinized pyroxenite grading north
ward into gabbro; with the serpentine are associated tremolite, 
steatite, and tpagnetite. 

Composition of serpentine 

SiO s ___ . _______ -------------------_ .. _-- 44.18 43.49 44.10 43.13 
Al.O •. ____ __ Trace. 
FeO ________ _ 1.64 _ 1.76 
l'!fgO .. ___ . ___ _ 39.37 43.47 43.00 42.17 
H.O+ __ _ 
H.O- ___ ~ ___________________ _ I~~I;'; ;,;,~~ 
------:--:::-;C--------L-::---'-----c~--'--

1. Serpentine. Mineral Hill, Middleto-wn. DelawaJ'e County. Pa. F. A. 
Genth, analyst, Pennsylvania Second Geol. Survey Rept. C5, p. 120, 1885. 

2, 3. Theoretical composition 01 serpentine. 
4. Composition of serpentine with eome of the magnesia replaced by 

ferrous oxide. 

The pyroxenites and peridotites, from which serpentine is 
derived with t1e loss of alkalies and lime in the form of car
bonates, are the least silicic of the igneous rocks of the Penn
sylvania Piedmont province. They are considered to represent 
the gravitative accumulation of olivine and pyroxene crystals 
from a magma in the early stages of fractional crystallization, 
and unless there was partial refusion of these crystals they 
could not have moved freely from the horizon in which they 
accumulated. 

Age.-U nder this view of their origin the pyroxenites and 
peridotites will not have strictly intrusive relations, but they 
must be older than the later differentiates, the gabbro, diorite, 
granit(1, and pegmatite, and because they are limited in their 
association to pre-Cambrian rocks they are regarded as of 
pre-Cambrian age. 

D'iBtribution.-Pegmatite dikes are very numerous in the 
Coatesville-'Vest Chester district, especially in the southeastern 
part of the Coatesville quadrangle and the southwestern part 
of the West Chester quadrangle. In general they strike north
east, parallel to the structure of the formations which they 
invade, and usually dip with the schistosity of the formations. 
The dikes vary greatly in width, and few individual dikes can 
be traced continuously for long distances. In many plaCE'S tJle 
pegmatitic masses are exposed in a series of lenses rather than 
as a continuous dike. In addition to the dikes mapped 
there are innumerable paper-thin injections of pegmatite in the 
gneiss, which completely alter the character of the invaded 
rock. Such injections in the 'Vissahickon formation can be 
seen in the quarry on the East Branch of Brandywine Creek a 
quarter of a mile northeast of Copes ville. A similar injection 
of the Baltimore gneiss is exposed in a road cut on the road 
leading from Kennett Square to Longwood, also 2 miles north
west of Kennett Square at the fork in the road. Pegmatite is 
characteristically associated with the ultrasubsilicic intrusive 
rocks. Such dikes cut the serpentine at Corundum Hill, 
northeast of Unionville, at Brinton's quarry, and at l\fount 
Cuba. Pegmatite dikes also cut the formations of the Glen
arm series and more sparingly the Cambrian rocks. 

Character.-The pegmatite dikes of this region are granitic, 
quartz monzonitic, quartz dioritic, and gabbroic in constitution. 
They differ from the corresponding normal igneous types only 
in the remarkable coarseness of their crystallization, the irreg
ularity of their texture, and the sporadic occurrence in them of 
rare minerals, due, it is believed, to the presence in this part 
of the magma of an extraordinary amount of water with small 
amounts of such volatile constituents as carbon dioxide, carbon 
monoxide, hydrogen, sulphur, chlorine, fluorine, and boron. 

Pegmatite dikes are light-colored, owing to the prominence 
among their constituents of the silicic or light-colored minerals. 
The usual constituents are quartz, an alkali feldspar (orthoclase 
or more commonly microcline, microperthite, albite of later 
crystallization, or oligoclase), and muscovite or biQtite. A 
sporadic but characteristic texture is the graphic, shown in a 
striking cuneiform pattern on the cleavage faces of the feld
spars and produced by the interpenetration of quartz and 
feldspar during the crystallization period or in some places 
through a seconda.ry replacement by quartz. 

In general the texture of the pegmatites of this district is 
some\vhat gneissoid. The usual accessory minerals are garnet, 
tourmaline, pyrite, and corundum. Corundum is a common 
accessory constituent where pegmatites have invaded peridotites, 
although it is not altogether limited to this combination, being 
also found with some pegmatites that in vade gneiss. The 
alumina of the corundum may have been supplied by the 
hydrothermal solutions preceding, accompanying, or following 
the pegmatitic invasion, or it may have been liberated by the 
desilication of' the aluminous silicates of the pegmatite through 
chemical interchange with the peridotite or with the siHimanite 
in the gneiss. If the desilication has taken place its products 
other than corundum should be found along the contact. In 
Brinton's quarry the vermiculite Uefi'erisite), anthophyllite, 
tremolite, and talc zones bordering narrow ramifying dikes of 

sodic feldspar or without the central zone of feldspar may 
represent such products. The reactions which might produce 
these minerals so commonly associated with pegmatitic intru
sions in peridotites must be conceived of as taking place in 
connection with the movement of highly fluid pegmatitic solu
tions permitting exchange of material. 

The pegmatite that cuts the 'Vissahickon gneiss in the 
Wooddale quarry contains quartz, microcline, oligoclase, and 
oligoclase-andesine as essential constituents, with accessory 
biotite, muscovite, and garnet. The feldspar, of which only 
about 10 per cent is microcline, constitutes about two-thirds of 
the rock, which is a quartz diorite. 

A granite dike intrudes the gabbro on the northern out
skirts of '\Vilmington and is exposed on Brandywine Creek in 
a road cut leading to Henry Clay Factory. 

The pegmatite dikes have considerable economic importance; 
some of them have been quarried for corundum; many of 
them are quarried for feldspar and flint, and others for kaolin, 
a decomposition product, under favorable conditions, of the 
hydration of feldspar. 

Age.-Pegmatite is intrusive only in the pre-Cambrian 
formations of this area but penetrates Cambrian-Ordovician 
formations to the northwest and presumably represents the 
dying out of igneous acti vity of pre-Cambrian time. 

The chemical composition of the pegmatite shows it to be an 
extreme product of magmatic differentiation at the silicic end 
of the series; the pyroxenite and peridotite represent extreme 
differentiation at the subsilicic end of the series. These two 
groups of differentiates are associated in many places, and in 
such an association the pegmatite is the younger. 

Distribution.-Two dikes of diabase extend across the Coates
ville-West Chester district. The easterly one crops out north 
of Chatham and can be traced in a northeasterly direction 
intermittently across the 'Vest Uhester quadrangle, which it 
leaves northeast of 'Vest Chester, and for many miles farther 
northeast. In fine exposures at 'Vest and East Conshohocken 
it has a width of about 30 feet and has been known as the 
Conshohocken dike. The second dike enters the Coatesville 
quadrangle south of Oxford, traverses the quadrangle, and is 
traceable many miles to the northeast. Good exposures in 
Downingtown have made it known as the Downingtown dike. 
It has been traced southwestward to Susquehanna River. 
Besides these two larger dikes there are three smaller dikes of 
the same character and trend north and northeast of Chatham. 

Character.-The rock of these dikes is similar and of a 
uniform character; it is a medium to fine grained bronzy
green rock, weathering in spheroidal boulders with a rusty
yellow oxidized coat. In constituents and texture it is a typical 
diabase: plagioclase and pyroxene in about equal amounts are 
the primary constituents, and ilmenite, quartz, Rnd apatite 
are accessory constituents. The secondary minerals are chlo
rite, delessite, biotite, calcite, and epidote. The plagioclase, 
which is labradorite-bytownite, forms a network of automor
phic lath-shaped crystals; . the pyroxene, which is the alumi
nous monoclinic species augite, is xenomorphic and fills the 
interstices of the feldspar network, making with the feldspar a 
fabric known as ophitic. 

A nalyses of diabase 

____ -=~ 1 ! 2_ 

SiO~ 51.56 50.79 
17.38 14.19 
6.57 3.84 

FeO_ 3.85 7.44 
MgO_ .. 3.42 7.88 

Quartz ____ .. _______ 10.14 I! B.78 
Orthoclase__________ 8.90 5.56 
Albite ___ . ______ .. _ 18.34 15.72 

Anorthits____ ______ 3B.08 27.52 
Enstatite _. ________ 8.60 __ 

CaO 10.19 9.75 
Ka,O _ 2.19 95 

Diopside ------- --'-,-'-6--1, __ 1_6_,_1_'_ 
Wollast.onite ______ _ 

K.O_ 1.46 1.89 Hypersthene_______ 22.02 

H 2 O± 2.15 1.95 Apatite_________ .84 .34 
'fiOg_ 1.63 ,70 Ilmenite ______ .. ____ 3.04 1.87 

P 20. ---- ,13 .15 :Magnetite____ _ _ 7.66 5, ~7 
J.Jia O _____ ---- Trace. Hematite ________ _ 1.28. ____ _ 

MnO_ , .. H 2 0_ .. __ 2.l5 1. 9~ 

100.49 100.02 

1. Conshohocken dike at Gulf Mills, Montgomery County, Pa. F. A. 
Genth, jr., analyst, Pennsylvania Second Geol. Survey Rept. C6. p. 134,1881. 

2. Dike at 'Villiaillsons Point, Susquehanna. River, Lancaster County, 
Pa. F. A. Genth, analyst, Pennsylvania Second Geol. Survey Rept. CS, 
p. 275, 1880. 

By the quantitatIve system of classification the Conshohocken dike falls 
in Class II, order 4 (5), rang 4, and subrang "4. It is dosalic, quardofelic, 
docalcic, and presodic. The name of this subrang is bandose; the micro
ophitic fabric and occurrence of augite as an abnormative constituent are 
recognized in the descriptive name augite-ophiti-bandose. The other dike 
falls into Class III, order "5. rallg 4, subrang 4. The rock is salfemic, per
lelic. doca]cic, and prosodic and is named augite-ophiti-auvergno~e. '.fhis 
8ubl'ang containe '.rriassic diabase and basalt from the 'Vatchung Moun
tains, Orange, N. J., and other localities_ 

Age.-Both the Conshohocken and the Downingtown dikes 
'may be traced into Triassic formations north of the area, which 
they intrude. They and all similar fresh diabase dikes of 



eastern Pennsylvania are of Triassic age. They are related to 
great masses of diabase that were extruded and intruded during 
Triassic time and are the youngest igneous rocks in the Coates~ 
ville and 'Vest Chester quadrangles. 

STRUCTURAL GEOLOGY 

GENERAL OUTLINE 

The rocks of the Piedmont province have not remained 
undisturbed in the horizontal position in which they were 
formed. The Paleozoic and pre-Paleozoic rocks occur every
where in positions acquired by folding or faulting and in out
crops due to the planation of the folds. 

The seyerc compression from the east and southeast to which 
all the eastern continental shelf was subjected prior to, at about 
the middl~, Hnd toward the end of Paleozoic time, produced the 
type of structure which 'Prevails in the Blue Ridge and Pied
mont provinces and which is characterized in the Piedmont 
province by oyerturned ~lllticlines and synclines striking north
east, with nearly isoclinal dips to the southeast, and by thrust 
faults which dip either approximately ,yith the stratification or 
more gently and which revel'Be the normal succession of the 
formations by bringing older strata above younger. The 
se,"ere compression that took place after as well as before fault
ing has folded both fault planes and bedding planes and bas 
developed crystallization, schistosity, and fissility in the rocks. 

Portions of the province are covered by Triassic sediments 
aud by outliers of the sediments of the Coastal Plain. These 
sediments, deposited long after the period of severe compres
sion, exhibit simplicity of structure and freedom from meta
morphism, in striking contrast to the older formations. The 
Triflssic sediments, for example, show little or very gentle fold
ing but are tilted at a low anp;le to the northwest and cut by 
normal faults in many places. The faulting occurred in con
nection with crustal movements that brought about the uplift 
of the Triassic sediments and also inyolved the underlying 
rocks. Many such faults have been traced in the Paleozoic 
formations, but it is not always possible to trace them in the 
pre-Cambrian crystalline formations because of the absence of 
well-defined beds. 

The Paleozoic and pre-Paleozoic sediments of the Piedmont 
province are folded in an anticlinorium which brings to the 
slll'face pre-Cambrian gneisses in the central portion of the 
province', wherever the Triassic cover has been removed by 
erosion. Successiyely on each flank of' this anticlinorium 
Paleo7.0ic sediment8 and pre-Cambrian schists and gneisses 
are exposed on the limbs and in the troughs and crests of sub
ordinate synclines and anticlines. 

STRUCTURE OF THE COATESVILLE AND WEST CHESTER 
QUADRANGLES 

ARCHE.\.N AXD ALGONKIAN ROCKS 

The Coatesville and ,rest Chester quadrangles are on the 
southeast flank of the major anticlinorium of the Piedmont 
proYlncc and contain three secondary anticlines and four 
secondary synclines striking northeast. At the north,Yest is 
the Sadsbury or Mine Ridge anticline, with pre-Cambrian 
gneiss in the arch and Paleozoic sediments on the limbs. 
Southeast of this fold is the Chester Yalley syncline, in 
Paleozoic rocks. Thrust over this syncline and completely 
concealing thc southeast limb are folded and compressed pre
Camhrian formations. 

The large folds within the pre-Cambrian rocks are the 
Pearh Bottom syncline, with Peters Creek schist in the trough 
find 'Yissahickon formation on tlw limbs; the 'Yoodville anti
cline', vdtl! Baltimore gneiss in the Hrch and the Glenarm series 
on the limbs; the 'Villowdale syncline, in Setters formation 
and Cockeysville marble; the A yondale anticline, repeating 
the formations of the Woodville anticline; and finally the 
Landeuberg syncline, a secoudary synclinorium in the 'Vissa
hickon formation, bringing the Cockeysville marble to the 
surface in suboI'dinate anticlines. Thf'se folds are eit.her 
incliued or oyerturned with their axial planes dippinp; south
east and the limbs of the folds parallel or nearly so. The pitch 
of these folds is to the southwest, Hnd in the Woodville and 
Ayondale anticlines it is abrupt Hnd brings the younger forma
tions of the Glena1:m series to t.he surfi-lce. Subsidiary folds 

'and cl'umples appear on the limbs of the secondary folds. All 
the folds in pre-Cambrian formations are interrupted by igne
ous injections. 

The vVissahickon formation, though apparently a conform
able member of the Glenarm series, occurs in unconformable 
relations to the lower formations of' the series and in places 
appears to lie directly upon the Baltimore gneiss. The absence 
of the Setters formation and the Cockeysville marble in such 
places may be due either to pl'e-'Vissahickon erosion or to non
deposition of these formations, for there is undoubtedly con
siderable variation in the thickness of these sediments. 

Thus, although t.here may be a hiatus in time between the 
deposition of the Cockeysville marble and that of the Wissa
hickon formation, and certainly a vast hiatus between the 
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Baltimore sediments and the 'Vissahickon, there is no evidence 
that the rocks were foided between 'Vissahickon and Cockeys
ville time. The great unconformity between the 'Vissahickon 
Hnd the Baltimore gneiss is simply obscured, where not 
obliterated, by int.ense post-Wissahickon folding and igneous 
injection. 

CAl1BRIAN AND ORDOVICIAN ROCKS 

By GEORGE VI. STOSlC 

The Cambrian and Ordovician rocke of the Coatesville and 
'Vest Chester quadrangles are restricted to the Mine Ridge 
anticline and the West Chester syncline. Metamorphism, 
which has nearly obliterated the original stratification of' the 
pre-Paleozoic sedimentary rocks, including those which form 
the core of the Mine Ridge anticline, has not affected the 
Paleozoic rocks to the same degree. Bedding planes can 
generally he deciphered in the Ohickies quartzite, especially in 
its Hel,lam conglomerate member, and in the Cambrian and 
Ordovician limestones, but in the Harpers s('hist and the 
Antietam quartzite, more especially on the south flank of the 
)Iine Ridge anticline, metamorphism has developed schistosity 
to such a degree that it is about the only structure discernible 
in these recrystallized and closely folded rocks. 

The Mine Ridge anticline is a broad-topped, steep-sided 
fold, which plunges west. north of Quarryville and is there a 
double anticline with many minor wrinkles on its flanks. The 
steeply dipping quartzites on the south flank of the anticline, 
,vhich appear at first glance to be a continuous sequence of 
monoclinal beds, are really closely folded. In the Pennsyl
vania Railroad cut west of Atglen and also in the gorge of the 
West Branch of Brandywine Creek at Coatesville the quartzite 
beds are repeated by folding and probably by minor faulting, 
as sbown in the graphic section given in Figure 6. These 
minor folds plunge eastward and are manifest on the geologic 
map in the sharp bending of the outcrop of the Chickies for
Illation near the Brandywine Creek gorge north of Coatesyille 
and at. several places to the southwest. 

Just beyond the northern border of this district the Harpers 
and Antietam formations are similarly offset by a sharp fold, 
which is probably the expression of the same minor folding 
seen at Coatesville. The general dip of the quartzite beds on 
the south limb of the Mine Ridge anticline is about 60° SE., 
Hnd the Harpers schist and Antietam quartzite thus pass 
normally beneath the limestones of Chester Valley. East of 
Thorndale, where the Yintage dolomite and Kinzers formation 
are exposed, they dip south and overlie the Antietam quartzite 
in normal relations. In Coatesville outcrops of the light
colored Ledger dolomite, the next succeeding formation, also 
dip Bteeply south on the flank of the anticline, and farther east 
the Elbrook limestolle ovedies the Ledger. These Cambrian 
formations are suc~essively o\'erlapped 'westward by the Ordo
vician Conestoga limestone, which occupies only a narrow 
strip of the southern part of the valley at Downingtown but 
west. of Coatesville forms the surface of the whole valley 
from the schist hills on the north to the pre-Cambrian 'Yissa
hickon formation of the South Valley Hills. The Antietam 
quartzite hHs not been reeognized west of Coatesville, and it 
may have been similarly eroded and overlapped by the Cones
toga limestone. The Conestoga limestone is in most places 80 

disintegrated and covered with soil that bedding can not be 
determined, but in an old quarry 2 miles southwest of Coates
ville it dips steeply south. 

The Paleozoic rocks on the north limb of the Mine Ridge 
anticlille are present only in the extreme nOlthwest corner of 
t.he Coatesville quadrangle. This limb of the fold is complex 
like the south limb, but the minor folds plunge westward, and 
the offsets of the formation are in the opposite direction. The 
Illinor folds are also much faulted. The Chickies quartzite, 
with its Hellam conglomerate member, where it is crossed by 
the Lincoln Highway on the top of Mine Ridge, lies in a 
minor syncline which is cut through near Black Horse, so thHt 
the underlying pre-Cambrian rocks are exposed. The outcrops 
are repeated to the north by a strike fault, and the Antietam 
quartzite and the overlying Vinta.ge dolomite are inclosed in a 
minor synclinal fault block. The Antietam in a minor anti
cline in the extreme northwest corner of the quadrangle is in 
turn faulted against the Ledger dolomite of the lowland Ht 
Limeville, in the Honeybrook quadr'dngle. The structure 
as it Illay have appeared before faulting is suggested in 
Figure 7. 

All the faults when first studied were considered o\'erthrusts 
of the Appalachian type, but observations in the Lancaster 
Yalleyand in Welsh Mountain, to the north and northwest, 
ha ve proved the prevalence there of normal faults of Triassic 
age.!! 

Although one of the faults on the north flank of Mine Ridge 
may be an overthrust associated with a minor fold that was so 
compressed that it broke, the larger displacements seem most 
certainly to be of the normal type, with movement on a nearly 
vertical plane and not caused by compression and they are so 

1] Stose. G. \V., A new type of strueture in the Appalaehillns: Geol. Soc. 
America Bull., vol. 85, pp. 465-480, 1924. 

drawn in the structure sections. The angular area of Ledger 
dolomite at Limeville (see fig. 7) is beyond doubt part of a 
block that has been dropped with respect to the adjacent rocks. 
The fault on the south side of the Antietam quartzite ridge in 
the extreme northwest corner of the Coatesville quadrangle is 
also probably normal. The fault along the north side of the 
pre-Cambrian rocks at the north edge of the quadrangle, which 
forms the north boundary of the Cambrian arenaceous series of 
Mine Ridge west of the district, may be a thrust fault and is 
so shown in the structure section. The Antietam formation 
in the extreme northwest corner of the district may be de
scribed as an anticlinal horst between two normal faults. 

B 
FIGURE I._Outline geologic map of the northwest corner of the Coates

ville quadrangle alid vicinity, showing (A) the faulted ChaJ."lWter of 
the rocks and (R) the postula,ted folded structure of the rocks before 
faulting 

The Chester Yalley syncline, which lies south of the Mine 
Ridge anticline, extends from Quarryville, 8 miles west of the 
Coatesville quadrangle, eastward to Schuylkill and beyond. 
Only the northwest limb of this syncline is exposed in the 
narrow Chester Yalley, which is not over 1 mile wide in the 
Coatesville-West Chester district. The syncline is really much 
wider than 1 mile, but its southeast limb has been concealed 
by overthrusting of pre-Cambrian schists from the southeast. 
It was formerly believed (and the yiew is still held by the 
senior author; see p. 5) that these schists and phyllites, which 
make up the South Valley Hills, normally overlie the lime
stone in the syncline and are therefore younger than the 
limestones; but now they are generally believed to be of pre
Cambrian age and to be thrust over the limestones. 

Although the Mine Ridge anticline probably existed as an 
upfold during the deposition of the Cambrian sediments, as 
indicated by the thinniug of the sediments on its axis,12 the 
major folding of the Paleozoic rocks and the overthrust faulting 
on the south side of Chester Valley probably occurred at or 
neal' the end of the Car.boniferous period, ,,,hen the whole 
Appalachian region is known to have suffered great compres
!>lion and mountain building. The normal faulting occurred 
at or near the end of the Triassic period, when great blocks of 
the earth tilted and settled in an adjustment that took place 
under conditions of tension. 

GEOLOGIC HISTORY 

PRF..-JURAAStC HISTORY 

By F. BASGOll and G. W, STOU 

Although much is known of the pre-Cambrian rocks of the 
Coatesfille and West Chester quadrangles and although the 
changes which they ha ve undergone during t.heir long history 
are now fairly well understood, very little can be said of tlle 
distribution of land and sea in pre-Cambrian time. Only the 
major events can be surmised j details are obliterated by 
Sll bseq uen t events .. 

A conspicuous unconformity at the base of the Setters for
mation marks a long interval of time, separating the events 
that surrounded the deposition, folding, invasion by granite, 
and metamorphism of the Archean sedimentary series, which 
is now called Baltimore gneiss, from the events that affected 
in a somewhat similar way the Algonkian rocks. Little is 
known of the extent of the basins in which the Archean rocks 
were laid dmvn, or of the position of the land masses from 

12Stose, G. W .. and Jonas, A. I., Ordovician overlap in the Piedmont 
proYince of Pennsylvania and MaryIll-nd: Geol. Soc. America Bull., vol. 34, 
pp. 507-524, 1928. 



which those sediments were derived. The same may be said 
of the Algonkian rocks, the Glenarm series. The record 
shows, however, tilat the earliest sediments were deeply buried, 
in some places folded, invaded by granite, and metamorphosed 
befoi'e they were uplifted and eroded and covered by the Algon
kian sediments represented by the Setters formation, Cockeys
ville marble, ¥lissahickon formation, and Peters Creek schist. 

Although it is inherently probable that life existed in these 
ancient times, as indicated by the occurrence of Jimestone and 
of graphite (carbon) widely disseminated through the rocks, 
it is not to be expected that rocks so thoroughly metamor
phosed would yield recognizable fossils, either of vegetable or 
of animal origin, and none have been found, 

It has been possible to distinguish and in most places map 
four formations in the Glenarm series, Alternation from 
sandy to limy sediments and a return to sandy and clayey 
sediments are clearly recognized, This sequence, nevertheless, 
is not everywhere present, In places the Cockeysville marble 
rests on the Baltimore gneissi in other places the Wissahickon 
formation apparently rests on the Baltimore, In view of the 
fact that in places both the Cockeysville and the Wissahickon 
are known to be faulted against the Baltimore gneiss, it is 
best simply to suggest that overlap may exist. The rocks are 
so intensely metamorphosed, so closely folded, and so deeply 
covered by residual soil that their geologic relations can not be 
established with certainty. Attention is called to this con
dition here, simply for the faint light it may throw on the 
geologic history. 

During the period of folding and uplift that succeeded 
sedimentation these formations were invaded by a series of 
intrusives, ranging from the ultrasubsilicic peridotite ahd 
pyroxenite through the subsilicic gabbro and diorite to the 
silicic granite and pegmatite. In Maryland lava and tuff are 
interbedded with the Glenarm series. 1 S The source of this 
volcanic material is not known, but its presence harmonizes 
with the widespread occurrence of subsilicic intrusive rocks 
which are kno'wn to be of Algonkian age, for nowhere in this 
region are such subsilicic rocks found invading Paleozoic 
formations. 

Just before the Cambrian period widespread erosion, con
tinuing throughout a vast interval of time, reduced much of 
North America to a low level. The sea then advanced over 
part of' this land, and Cambrian sediments were laid down in 
shallow seas. 

During most of Paleozoic time such an epicontinental sea 
occupied much of what is now the Appalachian Highlands. 
.A land mass east of this sea, 'which is called Appalachia, is 
believed to ha ve contributed most of the sediment tilat accumu
laied, 'Vhen the area WHS first submerged, in Lower Cam
brian time, there were 'washed into this sea impure sand and 
soil derived from the disintegration of the rocks then at 
the surfaC'e. They accumulated as heterogeneous arkosic 
sand, clay, and quartz gravel in which the coarseness and 
quantity of the pebbles varied from place to place. These 
deposits were followed by purer quartz sand, and this in turn 
by clayey sand. These sandy deposits were later hardened 
into the Chickies quartzite, with its basal Hellam conglomerate 
member, the Harpers schist, and the Antietam quartzite. 

Low forms of life existed in this epicontinental seH, and 
vertical tubes in the sand, the homes of sea worms, and casts 
of shells and fragments of trilobites in the rocks to-day bear 
testimollY to this life, Later in Cambrian time, when the 
adjacent area was worn down so low that land sediments 
ceased to be ,""ashed into the sea, a great thickness of limy 
mud accumulated on the sea bottom, with occasional layers of 
clayey or sandy impurities and some beds of pure clay. These 
deposits later became hardened to the Yintage dolomite, the 
shale and impure limestone of the Kinzers formation, the 
Ledger dolomite, and the Elbrook limestone, 

An interruption to otherwise continuous deposition of 
marine sediments occurred in early Ordovician time, Appar
ently the sea bottom was raised, particularly along an arch 
which is now known as the Mine Ridge anticline, and erosion 
began. (See fig. 8.) Upon resubmergence of the area later 
in Ordovician time, carbonaceous sediments came into the sea 
from some distant source, probably from the northeast, and 
mingled with the limy sediments, gi"ing rise to dark impure 
limy silts with layers of black carbonaceous clay, Fragments 
of the older limestones were inclosed in the basal beds and 
formed coarse limestone conglomerates in many places, These 
impure limy silts were later hardened into the Conestoga lime
stone. Apparently the sea withdrew permanently from this 
region at the end of Conestoga time, for no later Ordovician 
beds nor Silurian or Devonian sediments have been found. 
The basin of deposition during these periods lay farther west. 

Earth movements, at first mild and causing but slight defor
mation in early Paleozoic time, were more effective toward the 
end of the Carboniferous period, and the entire Appalachian 
region was compressed, faulted, and finally uplifted above the sea. 

18Jollas, A. 1., Pre"Cambrian rock" of the western Piedmont of :Mary· 
land. Geol. Soc. Allierica Bull., vol. 35, pp. 355--864, 1924. 
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The Coatesville-'West Chester district lies in the eastern 
portion of the compressed belt, where folding was very intense . 
.J.Iany of the folds were overturned toward the northwest. In 
plares these, 'broke, and extensive blocks of the crust were 
thrust northwestward on low-angle fault planes, The igneous 
intrusive that probably invaded the deeper part of the crust 
during this period of great deformation did not reach the 
Paleozoic rocks in large masses in this area, though they occur 
in the Paleozoic in distant parts of the Appalachian region. 
Only more intense local metamorphism and tourmaline crystals 
that are fairly abundant in the basal Paleozoic beds represent 
the adyance effects of the approaching magma, It was during 
this stage of deep-seated deformation, intense compression, and 
subjection to the effects of near-by granitic magmas that the 
Paleozoic sediments were metamorphosed-sandstone to quartz
ite, limestone to marble, and shale to mica schist. 

Thc uplift of these rocks no doubt began about the time 
that deformation began, The movement was slow, but erosion 
set in promptly on the first emergence of the sea bottom. How 
high the uplifted mountains may have risen, opposed as they 
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head of maximum corrasion, take part in this reduction of land 
surface. A long period of quiescence. is necessary in order that 
uninterrupted erosion may reduce a highland area to a lowland 
with low divides, If such a period of quiescence is ended by 
continental uplift, the peneplaned surface becomes again a 
highland areH, and erosion, which had been enfeebled and 
retarded by low declivity, is renewed and accelerated. ~ew 

valleys arE' developed in the old flood plains, and eventually, if 
the period of continental stability is sufficiently long, a second 
peneplain is cut below the uplifted surface of the older pene
plain, remnants of which may be left on the divides, preserved 
on resistant rocks. If there should be successive movements 
of uplift separated by long periods of quiescence, there will be 
developed a number of dissected peneplains, of which the 
oldest will have been most completely dissected and will be 
found therefore only in remnants and at the highest levels, and 
the youngest will have been the least eroded and will therefore 
appear most widely preserved and at the lowest levels, and 
those of intermediate age 'will be found at intermediate levels 
in various stages of preserva.tion. 

FIGURE 8.-Detailed sect.ions across Mine Ridge antidine 

A.l're.entcondltions; n.con(litlonslnConpstogatime 

were by agents of erosion, is not known, There must surely 
have ensued a vast interva.l of time during which the ancient 
Paleozoic mountains were slowly worn down to a low u.ltitude. 
This interval probably stretched over the latest Paleozoic and 
much of early Tria8sic time. 

In late Triassic time deposition began in a slowly sinking 
basin that developed nearly parallel to the coast line on the 
western border of the Piedmont province, some distance north 
and west of the Coatesville and 'Vest Chester quadmngles, 
Nea.I' the end of this period of sedimentation diabase dikes 
penetrated the rocks, and suhsilicic lavas were erupted. Some 
of the dikes cut the rocks of the Coatesville-West Chester dis
trict This igueous activity was accompanied by warping and 
tilting of earth blocks and normal faulting, J\ .... ot only were 
the Triassic sediments affected by these movements, but areas 
nOw underlain by older rocks, including the Coatesville-'Vest 
Chester district, were extensively block faulted, 

POST~TRIASSIC HISTORY 

The history of the Piedmont province after Triassic time is 
to be read chiefly in the present land forms. Sedimentation 
was thenceforth confined to the eastern margin of the province; 
erosion was active throughout the Appalachian Highlands. 

Successive continental uplifts of the Piedmont region have 
produced a series of more or less extended peneplains, each in 
turn related to sedimentary deposits on its eastern margin, 
These sediments were furnished to a sea that advanced and 
retreated upon the margin of the eroded rocks. Thus there 
accumulated several thousand feet of sediments, which now 
cOll8titute the Coastal Plain, bordering the Piedmont Upland. 

All land surfaces are being reduced in altitude con
stantly, though slowly, by the weathering of the rocks, the 
mechanical wear of' the streams, and the beating of wayes on 
the shore, Weathering affects the whole surface, and its effects 
are noticeable only after long periods of time, but the other 
agencies are more pronounced in their operation and conse
quently sOon produce a flat surface at or near drainage level. 
This flat surface is first developed along the seacoast and then 
extends inland along the main stream courses, spreading 
progressively up the tributary streams. The combined results 
of weathering, of the action of' the streams, and of the beating 
of the waves is to canse a lowering of divides, the coalescence of' 
flood plains, and the formation of a seaward-sloping low
land, or peneplain. Atmospheric agents of erosion, operative 
throughout an area and quickened at the seacoast and at the 

Anyone of this succession of erosion surfaces may have been 
a eompletely developed peneplain or merely an approximation 
to a peneplain, the 8ta~e of developmcnt being dependent upon 
the length of die erosion period and the resistance of the rocks, 
Successive periods of contillental stability are not likely to be 
of the same duration; where they are relatively brief ~nd the 
roeks fHirly homogeneous only t.he narrow marginal beginnings 
of peneplains are dew·loped on the seHcoasts and only narrow 
flood plains, or straths, along the main stl~eam valleys, Sueh 
topographie features, marking the early stages of peneplanation, 
might later suffer complete obliteration through erosion or 
might be partly preserved flS horizontal terraces paralleling the 
sea and sloping terraces paralleling the streams, A remnant 
of such a terrace produced in a relatively brief erosion cycle 
may be called a berlll. 14 

The existence of successi \Te erosion cycles, complete or p:u
tial, is proved not alone by berms or by vestiges of peneplains 
but also by deposits laid down on the submerged borders of 
the erosion surfaces, That periods of stability of varying 
length have alternated with periods of continental movement 
along the Atlantic border is indicated both by topographic 
feat.ures and by sedimentary deposits, Of the series of pene
plains and berms which have successively developed there 
remain four berms and vestiges of three partial peneplains and 
two peneplains. 

The period of freedom from land movements that followed 
the uplift at the end of Triassic time was longer, perhaps, than 
any subsequent period of quiescence. During this long period 
the divides in the Appalachian Highlands 'were probably 
pushed westward with the captu!'e of northwestward-flowing 
streams, and interstrenm areas were reduced, at first vigorously, 
then slowly, until finally a plain of very low relief on its eastern 
margin, where sedimentati.on was taking place, spread away to 
the north and west, with but faint relief throughout the Appa
lachian Highlands. 

14 Berm is defirwd in the Standard Dictionary as follows: "Gi1). Engin. 
A horizontal ledge part way up a bench. Fort. A narro'w level 
Rpace at the outside foot of a retain material which might 
otherwise fall from the slope It is proposed to give the 
term a geomorphic usage, confining it to terraces of a particular origin
that is. to terraces which originate from the interruption and rejuvenation 
of a drainage cyele in the llmt.Ure stage of its development. These terraces 
are associated with larld movements, which have brought about a chllnge 
of perIllilnent base·level. Every gradation between the typical berm and 
a widespread peneplain lllay be deYfi'loped. COllsid .. rable latitude is there· 
fore given in the use of this term, so that bermlike stages may be included 
under it. Those stages more nearly approaching the peneplain will be 
called partial peneplains. 



This great plain, the oldest post-Newark erosion surface, 
recently named the Fall Zone peneplain,l :i is preserved only 
on that portion of the crystalline rock surface still buried 
beneath Lower Cretaceous sediments. Wherever the protect
ing deposits have been removed by erosion the peneplain sur
face has also been eroded. 

During the following erosion cycle the uplifted Fall Zone 
peneplain was attacked, redured, and fina~Jy obliterated in the 
Appalachian Highlands, and a peneplain was ultimately devel
oped, remnants of which are still preserved in the level crests 
of Kittatinny and Schooley Mountains in New J-ersey, north
east and southeast of the Delaware Water Gap. The resistant 
sandstone and gneiss that uphold these mountains maintain 
this surface at altitudes from 1,400 to 1,200 feet; the level
topped ridges ,of the Appalachian Valley conspi~uously pre
serve the Kittatinny-Schooley peneplain 10 at altitudes rising to 
the southwest. Scant remnants are found in the Piedmont 
province at lo~ver lev~s. 

Plains as vast as the Fall Zone and the Kittatinny-Schooley 
peneplains are necessarily not of one age throughout; these 
plains are older in the extreme. southeast, where the work of 
peneplanation first began and where Cretaceous sediments now 
lie upon their surfaces; they are younger· in the north and 
'vest, where erosion was still going on in Lower or Upper' 
Cretaceous time and was supplying sediments to their sub
merged eastern margins. 

'1'hus the Fall Zone peneplain, begun in .Jurassic time, was 
further developed in Lower Cretaceous time, while the ocean 
was ad vancing on the planed margin of crystalline ro~ks. The 
Kittatinny-Schooley peneplain, dating perhaps from the uplift 
that terminated Lower Cretaceous time, was developing during 
the remainder of Cretaceous time. 

The end of the Kittatinlly-Bchooley period of erosion found, 
the Coatesville-'Vest Chester district a low featureless plain 
sloping toward the Atlantic Ocean. 

At the beginning of '1'ertiary time the Kittatinny-Schooley 
peneplain was subjected to an uplift, -which converted the plai~n 
into a low, unsymmetrical arch with its longest dimension in a 
northeasterly direction. Erosion was at once accelerated in 
this highlal1d,.the southeastern slope of -which forms the Pied
mont province, and continued at varying rates, finally remov? 
ing in the Coatesville-'Vest Chester district all remnants of 
the Schooley peneplain. 

This early Tertiary erosiQll cycle wa,s long enough to develop 
in the softer' rocks along thc eourses of the Piedmont streams 
a partia1 peneplain, the Harrisburg, which is preserved in the 
Appalachian Valley on Delaware River just below Dela,vare 
'Yater Gap,at an altitude of 800 feet, on Schuylkill River 
north of Reading at the sa.me height, on Susquehanna River 
northeast of Harrisburg- at GOO to 700 feet, and to the south
east at Safe Harbor at 900 feet, declining eastward to 800, 700, 
and 600 feet in the Coatesville quadrangle and to 590 and 540 
feet in the 'Yest Chester quadrangle, and on Potomac River 
west of Hagerstown at 700 feet. 

Immediately east and west of Harrisburg and to the north~ 
west along Susquehanna River the interstream areas reach with 
great uniformity the 500 to 520 foot level and thus present 
evidence of still anot.her period of partial peneplanation. The 
a.pproximate peneplain that was formed in this period is 
named from the sediments which it carries on its seaward 
nmrgin and which are now known as the Bryn Mawr grave1. 
The Bryn )luwl' peneplain is the most recently developed and 
the most widely preserved of the partial peneplains of the Pied
mont province. At altitudes rangingArom 300 feet on the 
eastern margin to 400 feet inland fronl the" fall line" a thin 
and sporadic deposit of gravel with sand pockets is spl'e!id on its 
surface. This deposit, the Bryn Mu,"vl' gravel, is'believed to be 
of late Tertiary, probably Pliocene age. During the develop. 
ment of this peneplain, the sea overrode the West Chester 
qlladran~le at least as far to ~e northwest as the present line 
of the Penn'syh'ania n.ailroad' through Kennett Square !:lnd 
Chadds Ford. The uplift. that followed Bryn Mawr time 17 

brought the Coastalillain above the sea and slightly deformed 
both it and the Pie(lmont Upland. This emergence is believed 
to mark the end of the Tertiary period. 

The Quaternary period began with the resubmergence of 
the lower part of the Atlantic Plain. During this epoch open 
valleys with wide straths and gentle seaward slope were 

H. 8., The Pall Zone peneplain: S{'ience, ne-w ser .• vol. 60, pp. 
Jolm¥ofl, DouglllH, StrPfim ~culpture on the AtIaJltic slope, 

pp. 1931. 
!" It 8u!!,'gested that the peneplain which has been cl1lh;d 

Schooley in the Piedmont province is t,he Kittatinny peneplaln faulted 
dowl) in post·Cretflceoll!:' time (8tOSIl, G. 'V., Geol. Soc. America Bull., vol. 
B8, pp. 403-504, 19Zi). 

n Recent inspection of the Bryn Mawr and Brandywine gravels along 
the PotolllllC. Susquehanna, and Schuylkill Rivers hUB led M. R. Campbell 
(Kat. Acad. Sci. PrOG., vol. 1[). pp. 156-161. 1920) to enterta,in the hypothesis 
that the surface upon which the Bryn Hawr graYGl rest/:! was warped, when 
uplifted. forllling a low anticline, the a:ds of which crosses t,he Potomac 
River Jlt>ar (l-rt>at Falls, the Su~quehannu River at Safe Harbor, aJld the 
Schuylkj]] River at Norristown, Tbis deformation must, have accompanied 
the uplift that preceded the development of the berm upon wbich Brandy
wine h'1'avel was deposited, as that surface is not affected. 
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formed, remnants of wh,ich now appeal' as a well-defined slop~ 
ing berm 300 to 200 feet in altitude bordering the larger rivers 
and associated tributaries up to the "fall line" and rising 
inland to a sloping surface 400 to 300 feet in altitude. These 
remnants of a once continuous erosion slll'fa.ce make up the 
Brandywine berm, named from sediments whi~h lie upon its 
lower border in some places and are considered to be of early 
Quaternary age. During one of the periods of emergence of 
the Coastal Plain the w hole Atlantic Plain -was above sea and 
deep valleys were cut to the ma.rgin of what is now the con
tinental shelf, such as the submerged parts of the valleys of 
the Hudson, Delaware, Susqri~hanna, and Potomac. 
. At lower altitudes than the Brandywine berm three rela~ 

tively narrow berms appeal' on the extreme southeast border of 
the Piedmont provihce at altitudes of about 180, 80, and 40 
feet. These berms carry sediments of Quaternary age and are 
named the Sunderland, Wicomico, and Talbot berms, from 
the deposits that received the same names from localities in 
'Ma.ryland where they are well developed. 

Like the Brandywine berm, these be~m8 border the major 
streams, but on t.he tributary streams straths were not formed, 
so brief was the erosion cycle; tke uplifts were slight, slopes 
were merged, erosion cycles are not distinguishable, and berms 
are therefore not to be found. 

The 180 to 200 foot Sunderland berm is recognizable in the 
southeastern part of the ,"V",st Chester quadr).mgle west and 
east (jf vVilmington, where it carries a thin deposit of Sunder
land gravel. In the extreme southeast cornel' of the quad
rangle in the vicinity of Edgemoor the 40 to 20 foot Talbot 
berm is distinguishable as a lowland carrying sediments of 
Talbot age and cut back so close to the Sunderland as to oblit
erate the \Vicomico berms. These berms border Delaware 
River, which is southeast of the quadrangle. 

A final emergence brought the Piedmont province above 
estuarine waters and the Coastal Plain above the sea and estab
lished recent conditions. This uplift and the two just preced
ing terminated erosion cycles of so brief duration that the 
records !J,re not' as \ve11 defined in the Coatesville-West Chester 
area as tp,ey are in areas nearer to the sea; the stream gorges 
show the unbroken slopes of Pleistocene and Recent erosion. 

J Other cycles of erosion, more or less brief, may have existed 
during the long history of the Piedmont province without 
leaving as well-prcserved records as those that have been named. 
The ~-line Ridge peneplain, named from a possible remnant on 
.Mine Ridge adjacent W the Coatesville qua.drangle on the west, 
may 'repr~sent oue of these minor erosion cycles, the record of 
which is nearly obliterated. 

ECONOMIC GEOLOGY 

BllILDING STONE 

The Coatesvill~ and ,'Vest Chester quadrangles are well 
supplied with stone suitflble for use in building. The Balti
more gneiss, Setters formation, Cockeysville marble, 'Yissa
hickon formation, gabbro, ,serpentine, and Paleozoic limestones 
fnrnish fail' building stone. The Chickies quartzite, ·which 
has been extensively quarried ,for glass sand and for silica 
brick, is also llsed to a minor extent as a building stone. 

Baltimore gneiss.-Two large quarries have been intermit
tently operated ill the Baltimore gneiss. A quarry in gabbro
ized gneiss at the south end of' Chestnut Street, West Chester, 
is owned by the borough of West Chester., This quarry, 
opened in 1881, is known as M. & T. Farrell's quarry and 
produces a stone which is chiefly utilized for road metal but 
has also been used for house and foundation building. The 
stone is crushed at the quarry for road use. Both gabbro and 
gneiss are exposed in 'the f]uftrry. A quarry in similar rock 
half a mile north weat of 'Yest Chester on the road to Copes
ville exposes gabbroized gneiss that is very garnetiferous and 
has the mineral constitution of a diorite. This quarry is 
owned by Josiah Howells, is operated intermittently by Patrick 
Corcoran, and supplies building stone for local use. 

Setters jonnation.-Quartzite has been quarried from the 
Setters formation for loeal use in foundations south and south
west of London Grove, and gneiss has been quarried from the 
same formation just east of' Green Lawn and used for road 
metal. The gneiss has also been quarried in the ridge north
east of West Gl'oYe and at seyeral localities on the southeast 
face of the ridge bebyeen Avondale, Toughkenamon,' and Ken
nett Square. The stone has an even grain and makes a fair 
building stone, for which it has had considerable local use. 
A sand pit north of Toughkenamon is in this formation. 

rnarble.-One of the most valuable stones of the 
district furnished by the Cockeysville marble. This stone 
has been uSBd for ornament.al and monumental work, for build
ing stone, for road metal, and for lime. It was extensively 
quarried for lime during the last quarter of' the nineteenth 
century. There are at least 50 lime quarries in this formation 
in 1he Coatesville-Vlest Chester district. Manrof them were 
opened to furnish lime for the farmer upon whose pl'Opel'ty the 

limestone crops out and who burned his own lime. The quar
ries were not worked out, but most of them were abandoned. 

Logan's quarry, 1 mile north of Upland, has had as long a 
history as any of these quarries. It was opened in 1818 .!!-nd 
has been operated intermittently until UJlO. The Pierce & 
Edwards, Hayes, Guest, -Wood, Jones, and Hoopes & Darling
ton quarries were once famous in the Doe Run areas of 
limestone. Northeast from the Doe Run belt of the lime
stone in the West Chester quadrangle are the Embreeyille 
quarry, the County Poorhouse quarry, Moses Bailey's quarry, 
Moses Woodward's quarry, George Marsh's quarry, and Cope's 
quarry. Th~se are in isolated outcrops of the limestone with 
an overburden of several feet of gneiss. One mile south of 
Northbrook is Gawthorp's quarry hole in limestone. Elisha 
Bailey's quarry is in the limestone west of Upland. J 

Taylor's (two), Pusey's (two), Swayne's, Baker's (Acme), 
Bernard's, Story's, Quarll's, the Ayondale quarries, and the 
Kennett Square quarries (McFarlan's) are among the well
known quarries of the Avondale area. Northeast of the 
,"Villowdale belt of the limestone (Avondale area) are the 
Thornbury and Brinton quarries; northeast of the Kennett 
Square belt of the limestone are the Sharpless and Mendenhall 
quarries. Jackson's quarry is in the Hockessin a.rea. The 
Brown, David Nevin, Septimus Nevin, and Sharpless quarries 
are in the Landen berg area. 

Among all these quarries there are only two that have been 
in systematic operation over a long period. One of them is a 
large quarry neal' A,Tondale, half a mile north of Baker station, 
originally known as Baker's, subsequently as the Acme quarry, 
later operated by the Avondale Marble Co., and finally, up to 
1919, worked by the Pennsylvania Marble & Granite Co. 
This quarry was opened, like the others, for lime, but with the 
decline of the lime industry search was made for marble by 
means of diamond~drill holes, and at a depth of about 50 to 70 
feet white dolomite marble of good quality was found which 
shows on testing very low absorption and high resistance to 
stain. This marble has been quarried to a depth of 50 feet. 
A section througl.l the quarry is as follows: 

Section in quarry at Ba7ce1' station 

Feet 
Limestone (locfllly called "Avondale liIllestone")__ 10-30 
Gneiss or "bastard granite" 16-18 
"Fish·egg" limestone ___________________ .__________ 10 
Dolomite _____________________ ., __ .______ 50 

In connection with the quarry the company operates a mill 
where the marble is sft,Yed and shaped for market. The 
marble has been used for monuments and in prominent 
buildings in Washington and in New York, New-Jersey, and 
Pennsylvania. 

The other quarry is about a mile northwest of Avondale, 
south of the railroad. It is known as the Avondale lime 
quarry and was owned and worked by Frank -Williamson & 
Co. up to October, 1917, when it was closed and dismantled, 
and the property was sold. 

Section in A'Vondale lime quarry 
F~-et 

Limestone (lo(lally called "Avondale limest-one") ___ . _ 50 
Mica gneiss or "bastard granite" 10-12 
"Fish-egg" HmBstone _____________________ . ___ . ____ 6-12 
Gray limestone __ .. ______________________ 8-10 

White dolomite. 

The presence of the dolomite marble is shown by drillings, 
but the rock has not been quarried. The first grade of the 
"fish-egg" limestone is used for glass sand, the second grade 
in .asphalt paving and as a fertilizer, the third grade for 
nursery sand. The gneiss is used in foundations and buildings. 
The so-called "Avondale limestone" is used for foundations, 
facings, and general building purposes and has been used for 
churches in Delaware and Maryland. 

Wissahickon jormation.-Sevel'al quarries in the Wissa
hickon, formation are operated intermittently, chiefly for road 
metal and subordinately for local building stone. Half a 
mile north of 'Vooddale station is a quarry, opened in 1886, 
operated by the Baltimore Standard Lime & Stone Co. The 
rock is an even-grained 'massive garnetifel'ous mica gneiss. 
The stone is suitable for building but has been utilized chiefly 
for road meta1. Its value for road metal has been tested with 
fayorable results for light traffic. There are gabbro and quartz 
diorite intrusions in the same quarry. The Park quarry, one
third of' a mile north of Copes ville on the east side of the East 
Branch of Brandywine Creek, is in an injection gneiss and sup
plies stone for local use. Another sueh quarry in the 'Yissa~ 
hickon formation is 1 mile north of Northbrook and 1t mileE 
south of Marshallton. There are small disused quarries in the 
'Vissahickon formation, and their location is indicated on the 
areal-geology map. The mica schist member of the Wissahickon 
has had a small local use for stone walls and foundations. 

Gabbl'o.-Half a mile north of the Baltimore & Ohio Rail
road on the east bank of Brandywine Creek ill vVilmington there 
are large quarries in the gabbro. The most northerly qualTies 
are owned by the Brandywine Granite Co. and were opened in 
1900. South of these are the quarries of Stewart & Donohue, 



operated since 1902, the material from which has been used 
for paving, concrete work, building stone, and road metal. 
About 1£ miles east of Wilmington, on the south side of the 
electric railroad, is the Shellpot quarry, opened in 1887, owned 
and operated by Philip T. 'ryre, sr. The stone is used for 
curbing, for Belgian blocks, and for road metal. 

Seryentine.-8erpentine had in the past considerable popu
larity as a building stone, and many of the serpentine areas 
now quarried for road metal were first quarried for building 
stone. Brinton's quarry, three-quarters of a mile north of 
Birmingham, is said to have furnished more stone than any 
other serpentine quarry in the United States. This quarry 
was opened in 1862 and has been operated with intermissions 
to the time of writing (1926). The stone is of a uniform color 
and even grain, and, b~ause it is relatively free from the close 
and irregular jointing usual in serpentine rock, it can be sawed 
into cuboidal blocks. The Normal School buildings and many 
dwellings in and about West Chester are built of this stone. 
Churches have been built of it in Richmond, Va.j Washington, 
D. C.; Baltimore, Md.; Columbus,Ohioj South Bend, Ind.; 
and Jersey City, N. J. The stone has also been used for 
bridge work and other structures in Wilmington, Del.; in 
Lakewood and Asbury Park, N. J.; and in Connecticut. 
The occurrence of jefferisite in this quarry has recently become 
a m'ltter of economic interest, as, when calcined, jefferisite 
makes a paint of a bright gold color, for which there is con
siderable demand. 

Ohickies quartzite.-The Chickies quartzite in the North 
Valley Hills is quarried north of Atglen, north of Pomeroy, 
and north of Coatesville, and at Parkesburg on the west 
branch of, Buck Run. North of Pomeroy are four large 
adjacent quarries from whirb good hard stone has been taken 
for many years. Stone for the foundations of the Broad 
Street station, in Philadelphia, and other structures of tpe 
Pennsylvania Railroad was quarried, here. ' 

Oambrian and Ordovician limestones.-There are 10 or more 
quarries in the limestones in Chester Valley in the Coatesville 
and West Chester quadrangles, but all have been idle for 
years. Those west of Coatesville are in the impure Conestoga 
limestone. Those in and east of Coatesville are chiefly in pure 
dolomite of the Ledger formation, much of which was burned 
for lime. Their location is shown on the geologic maps. 

ROAD METAL 

.As indicated in the preceding discussion, the Coatesville and 
West Chester quadrangles are adequately supplied with stone 
from which good road material may be obtained. Diabase, 
gabbro, diorite, serpentine, gneiss, and crystalline limestone are 
available, are adapted to use as road metal, and are being so 
utilized to a considerable extent. 

In resistance to wear, in hardness, arid in toughness, diabase 
and gabbro are superior to ·other road metal and can be used 
on roads s'ubjected to heavy traffic. Crystalline limestone and 
serpentine, which are relatively soft but have good cementing 
properties, are suited to light traffic. Granite and gneiss lack 
the toughness and binding value requisite for top dressing of 
macadam roads but may be used as foundation stone; the 
foliated texture of gneiss and of schist renders them inferior to 
massive rocks in binding value. Quartzite, on account of its 
extreme hardness and lack of binding power, is not valuable a~ 
road material. 

Laboratory tests of numerous samples of .road matelial from 
this district, by the office of Public Roads of the United States 
Department of Agriculture,1 S showed that of the material 
tested, the only stone serviceable for heavy traffic is the gabbro 
at Wilmington. Stone of the same character may be obtained 
wherever gabbro crops out. For medium traffic the garnet
iferous gabbro at Wawaset and hornblende schist (metagabbro) 
near Wooddale are suitable. Road metal for light traffic is 
furnished by the hypersthene gabbro from the Wilmington 
quarries, the gneiss from the quarry half a mile north of Wood
dale, and some marble and crystalline limestone from Chester 
Valley. The crystalline limestone and marble south of Chester 
Valley are too coarsely crystalline to possess the requisite 
toughness. 

FELDSPAR 

The feldspar industry in Pennsylvania, though showing 
some fluctuation, has on the whole been declining, the produc
tion falling from 19,633 short tons in 1907-8 to 8,562 tons in 
1920, when Pennsylvania, once the leading State, was fifth 
in rank, and to the output of only one company in 1921. In 
1925, according to statistics collected by the Bureau of Mines, 
the output of crude feldspar in Pennsylvania was 1,330 
long tons. Practically all Pennsylvania feldspar comes from 
Chester and Delaware Counties, where in 1913 there were 
nine large quarries in active operation, most of them within 
the Coatesville and West Chester quadrangles. The feldspar 

18Goldbeck, A. '1'" and Jackson, F. H., The phYSical testing or rock for 
road building: U. S. Dept. Agr. Omce Pub. Roads Bull. 44, pp. 87, 66, 1912. 
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of these quadrangies is for the most part a potash feldspar 
(orthoclase and microcline), associated with quartz and mus
covite in granitic pegmatite dikes. 

The feldspar was ground at two mills within the district
near Brandywine Summit and at Toughkenamon-and at two 
other mills jUBt.south of the district or was shipped crude to 
East Liverpool, Ohio, or Trenton, N. J. The mill at Tough
kenamon is still in operation. The quarries three-eighths of a 
mile southwest of Elam were the most productive in the State 
and were JWorked for about 30 years, until 1917. The dike 
that furnished the feldspar is about 70 feet wide and strikes 
N. 250 E., with a low southeasterly dip. The feld~par, which 
is orthoclase and microcline, Occurs in fairly good crystals, 
some of them a foot in diameter, and is sufficiently pure. for 
den4tl use. Quartz, muscovite, biotite, and garnet are the 
other constituents of the pegmatite; graphic granite is abun
dant; the biotite and garnet are so localized that the pure 
feldspar may be separated in quarrying. / 

Quarries 1t miles northwest of Toughkenamon, were worked 
continuously until 1921. The feldspar is micro'cline inter
grown with. albite; quartz and muscovite are the other con
stituents. In the largest pit microcline occurred in large 
crystals 1 to 2 feet in diameter. The pegmatite forms several 
distinct dikes. In London Grove Township. near Avondale 
20 to 30 quarries ha\'e been opened in pegmatite dikes. At a 
qunlTy three-quarteTs of a mile north-northeast of Chatham 
the feldspar is a pink microcline occurring in crystals of con
siderable size; massive quartz, muscovite, and biotite are the 
other constituents of the pegmatite. The pegmatite seems to 
occupy a pocket in the gneiss, and quarrying was done mainly 
by tunneling. ',' 

At a quarry near Bakel' station the dike has a width of about 
25 feet, strikes N. 75° E., and dips about 500 BE. It is rela
tively fine grained and 'of the normal granitic type and gneissw 

oid texture. The feldspar crystals are for the most part less 
than 4 inches in diameter, and the feldspar is renc.lered value
less along some planes by the presence of abundant biotite. 
Garnets are rare and small. The pegmatite dike ·three-quarters 
of' a mile northeast of Baker statio~·.strikes N. 55c ~. and ~ips 
southeast. The feldspar and the rock a.re like that of the dike 
to the north save that biotite is absent. Half a Iriile-west of" 
Upland feldspar has been quarried in a pegmatibe dike about 
35 feet wide, striking N. 50° E. and dipping 45°, SE. 

At a quarry 2t miles north of Pomeroy the feldspar, for the 
most part a pink microcline; is intima~y intergrown with 
quartz producing the graphic textul·e. Greenish mus~ovite is 
the only other (.'onstituent of t.he pegmatite, whiC1h is pl'Hcti~lly 
free from iron-bearing minerals. The m~teria.l; when quarried, 
was used for poultry grit, poultry dust, metal polish,.- and 
pottery, and mixed w~h a small portion of cement"it· waj used 
for priming. 

Three pits were opened in a pegmatite dike 11 mpE's south
southwest of Landenberg. The feldspar is a potash feldspar, 
and the pegmatite is of the usual granitic type. . 

The feJdspar quarry at }I~mhreevilleJ just nOJth of the station, 
was first operated in 1885. Later it was for a long time idle; 
it was reopened in 1907 and almost continuous:tJ worked for 
some time, but it is idle ~t the present date (1926). The dike 
strike, about N. 200 E. ana dips to the southeast. The .quarry 
cut shows that the dike is confined to the Baltimore gneiss, 
which is overlain b1 the Wissahicko~n formation with what 
appears to he a fauIt contact. The feldspar is a white potash
soda-lime feldspar of which the following analysis l 9 wa~ fur
nished by Golding & Sons Co. This analysis gives a feldspar 
of Rpproxima~ely the composition Or3Abt\An 1• 

AnaLysia of feldspar from qual'ry at Embree'l)ille 

SiO. _____________________________ .. _____ .. ______________ B7.46 
Al.Oa ___________________________________ . ________________ 21.76 
NaIO _______ ._____ _ ______ . __________________ 5.96 
K10____________ _ ________________ 4.28 
CaO________ ___ ___________________ 1.67 

101.13 

The feldspar quarries northeast of Unionville are in pegma
tite associated with or lying within serpentine areas. Other \ 
pits have been opened half a mile east of Chadds Ford, 1t miles 
southeast of Mendenhall, south and east of Fairville, a quarter 
of a mile north of Elam, and 1 mile southwest of Elam. 

The decrease in the feldspar industry in Pennsylvania' is 
apparently due in part to the exhaustion of the feldspar in 
some localiti~s, in part to the inferior quality of the feldspar 
in other localities, and in part to the difficulties and cost of 
quarrying. There is always a demand for feldspar, though 
the market price may not greatly exceed the cost. High-grade 
feldspar is used chiefly for pottery, enamel ware, brick, and 
electrical ware. A low-grade feldspar is used in the manufac
ture of opalescent glass, emery and carborundum wheels, 
scouring soaps and window washes, and ready roofing, also. for 
poultry grit. Very pure potash feldspar is used in'the manu
facture of artificial teeth. 

19Hopkins, '1'. C., Clays and ~la.y lndustrlesof Pennsylvania: Penruyl
vania. State College Ann. Rept., 1898-99, appendix, p. 15. 

KAOLIN ( 

The kaolin of Pennsylvania is of two kinds-residual kaolin, 
which owes its origin to the decomposition in place of feld
spathic rock or of argillites and which bas therefore the same 
distribution as the parent rock, and transported kaolin, which 
is residual kaolin collected, sorted, and redeposited by water 
and which therefore occurs in beds. The kaolin of the Coates
ville-West Chester district is almost exclusively residual and 
originates from the decomposition of the feldspar of pegmatite 
dikes. Pegmatite, is therefore the source not only of "spar" 
and "Bint" but of kaolin or clay. 

Whetber feld'par or kaolin i, supplied by the pegmatite will 
depend chiefly upon whether conditions are favorable fQr the 
saturation of the pegmatite by ground water. ~i-oximity and 
parallelism to drainage lines and a gentle dip rather than 
verticality or a steep dip are favorable conditions for saturation. 
Where such conditions exist the feldspar is more or less com
pletely kaolinized. The removal of the a)kali of the feldspar 
either through the formation of a soluble carbonat-e or through 
hydrolysis and the substitution fo], it of water are the changes 
essential to the formation of kaolin. The fol~owing \9quations 
jndicate the general character of the two p;rooosses: 

K BO.Al.O •. 6SiO. + 2H.O + co =2H,O.AlI Oa.2BiOl + 4810s + K~CO. 
teldspa.r water,carbondLoxlde kaolin quRI'ts sc>iub1ecar-

carrledlnW8.ter bonate of alkali 

KIO.AIIO •. BSIO. + BH 10 = 2H aO.AI.O •. 2SiO. + 4SIO. + 2K9H 
,teldsp&r water kaolin quart:. ea.llI!Lticpotadl 

In this change quartz is a ~y-product j in addition the original 
feldspar is in mllny plaees intergrown with quartz and is every
where cl?sely associated with quartz as an accompanying essen
tial constituent of the pegmatite. For these reasons residual 
kaolin is intimately mixed with granula·r quartz or sand. 
Additional jmpurities are undecomposed feldspar and musco
vite, which is 'botlt an alterati9n product of the feldspar and an 
original constituent of the pegmatite. It is therefore necessary 
to refine the kaolin-that is, to separate it from these impur
ities. This can be accomplished by gravity methods, which 
lel~"\,:e the kaolin ·a pure buff-white. The following method, 
or some modification of it, is usually practiced. The raw mate
rilll lS thrown into ngitatol's, where the coarse sand llnd feld. 
spal' are removed by san,d wheels.. The clay is then pas'sed 
into float boxes, ,where the fine sand and the 'muscO'vite are 
separated by specific gravity; thence into large; settling vats, 
from which it is pu&ped into bag presses and hung on ·open.or 
covered Tacks to dry . 

Residual kaolin is' utilized chiefly in the manufaature of 
china ware and paper. ~or both "these purposes kaolin must 
burn to a white color. . Tran~ported, kaolin. is liable to be COll

taminated by iron oxide, :which can not be removed in the. 
refining process aud which does not burn white. Of the other 
ingre~ients ?f chinawnre (feldspar, flint, and ball.clay or p~stic 
clay), flint and in some localities feldspar 'can be supplied from 
the plant tha~ furnishes the kaolin. Sand or "flint," as has 
been indicated, is a by-product of' kaolin mills. 

The kaolin deposits of this district are chiefly in the south .. 
ern part of the Weat Gliestel' quadrangle, in the neighborhood 
of I{aolin and Hockessin. The pegmatite dike that strikes 
northeast at the village of Kaolin has furnished a large'aJllou~t 
of kaolin, which was first mined her~ in 1839. The purified 
product was shipped to F.;ast Liverpool, Ohio; Trenton, N. J.; 
and Canada. The separated 'sand was partly utilized in mak. 
ing silica brick. At present all.these works are idle. 

Kaolip was formerly worked near Hockessin to an average· 
depth of 60 feet and a maximulll of 120 feet. The clay was 
refined and s~ipped to East Liverpool and Trenton. A refin
ing plant about three-quarters of a mile northeast of Hockessin 
station has obtained kaolin from localities about three-quarters 
of a mile south of Hockessin, half a mile west of Broad Run 
siding, and 11 miles northeast of Coatesville, in Ch~ster Valley. 
At this last-named locality. kaolin is a by-product of a sand pit 

·that was first opened ih 1878. The sand is re.moved in gravity 
troughs and settlil)g vats and is shipped to Trenton and 'Wil
mington. The purlfied kaolin, a lean white clay, is dried under 
pressure and shipped to the Hockessin plant, where it is 
mixed with the crude clay and reflned a second time. It is 
used chieBy to give the other clays a better color. 

About halfway between Avondale and Toughkenamon, 
north of the road, pits 70 feet deep have been dug in kaolin 
clay, which 'is found 6 feet below the surface. The clay was 
purified and dried in the usual way and shipped to Trenton 
and East Liverpool. 
. The only transported clay utilized in the Coatesville-West 

Chester district has been taken from pits 1 mile southeast of 
Elam. This discolored clay has been used in brickmaking. 

QUARTZ (If FLINT") 

The material tJlIlt is commercially known as flint in eastern 
Pennsylvania is quartz. This mineral is the dominant constit
uent of the Chickies qua.rtzitE', an abundant constituent of 
pegmatite dikes, and a by-product of the kaolinization of the 



feldspar of' the pegmatitE's. "\Veathered out of rocks, trans
poried, and dE'posited it forms beds of sand. The feldspar and 
kaolin companies are therefore able to furnish flint. The sand 
separated from the kaolin is screened and ground, and the 
quartz of the pegmatite may also be ground and sold for flint. 
Southeast of Oxford the pegmatite is so quartzose that it is 
worked only for flint. The quartz as quarried is shipped to 
Trenton and there ground for use in the manufacture of china
ware and pottery. Sand is used for silica or fire brick and for 
concrete. A mile southeast of Elam there is a large sand pit 
with an exposure of 15 to 20 feet of yellow sand. The upper 
8 to 10 feet is pebbly. At one time sand was taken from this 
pit and screened. This sand is transported material, deposited 
in Terfiary time by water. A stream-cut gully in the sand is 
filled with clay. 

IROl\" ORE 

No iron ore has been marketed from this region for many 
yeare, and only two mines have been found bearing testimony 
to earlier workings. Two abandoned pits Ii miles northeast 
of Doe Uun yillage and 2 miles northwest of Upland are said 
to have yielded at one time considerable ore, which was hauled 
to the mills at Coatesville. Loose frugments of hematite show 
on the hill a.bout half a mile southwest of Northbrook and a 
qunrter of a mile south of the \Vest Brunch of Brandywine Creek. 

SOILS 

The soils of the Coatesville-West Chester district, with the 
exception of alluvial material in the creek bottoms, are 
residual-that is, they are derived directly from the underly
ing rocks by the disintegrating and dissolving action of atmos
pheric agencies and ground water. There exists, therefore, a 
close relatiomhip between soil and rock, and with some allow
ance f'or wash on slopes and for variations in the same rock 
type, the areal Jitltribution of' the rocks indicates in a general 
way the areal distribution of the corresponding soils. Owing, 
however, to slight physical or chemical variation in a single 
rock formation and to close similarity between different 
geologic formations, a geologic unit may produce more than one 
type of soil, and one type of soil may be derived from two or 
more geologic units. The Bureau of Soils of the Department 
of Agriculture recognizes 22 types of'soil in Chester County.21J 
Of these the chief' types found in the Coatesville-West Chester 
distriet are the Chester, l\:Ianor, Brandywine, and Hagerstown 
loams, Manor stony loam, De Kalb fine sandy loam and stony 
loam, Chester fine sandy loam, Cecil clay, Conowingo barrens, 
Rough stony land, and Meadow soil. 

The Chester loam is deri ved from the Baltimore gneiss and 
included intrusive igneous rocks and from the more sandy 
faeies of the \Vissahickon formation, the biotite gneiss. It 
covers the eastern part of' the Coatesville quadnmgle south of 
Doe Hun village and most of the 'Vest Chester quadrangle. 
It is essentially composed of a mellow brown silty surface loam 
10 to 16 inches deep and of a brownish~yellow gritty clay sub
soil to a depth of 36 inches. This soil is retentive of moisture 
and well adapted to general farming, producing good crops of 
corn, oats, wheat, and grass. 

The Chester fine sandy loam is derived primarily from the 
Setters formation. It is found only in small scattered areas. 
It is a brown heavy fine sandy loam, a poor soil for staple 
crops but suited to light garden crops. 

ThE' Manor loam is derived from, the decay of the muscovite 
facies of the 'Vissahickon formation and f'rom the Peters Creek 
schist, and its areal distribution in a general way corresponds 
with that of' these formations. On the hills where the rock is 
less thoroughly disintegrated and the soil more stony the 
Manor loam is replaced by the Manor stony loam, a less pro
ductiye soil. The :Manor loam, like the Chester loam, is a 
yellowish-brown silty loam 8 to ] 0 inches deep with a reddish
yellow clay subsoil to a depth of 36 inches. It is distin
guished from the Chester loam by the presence of fragments of 
miea schist 01' of' miea deriVed from the 'Vissahickon forma
tion, in such abundance as to' make the soil smooth or even 
unctuous. The soil is suited to the production of the staple 
crops, but the yield does not a verage so high as that from the 
Chester loam. 

The Brandywine loam, also derived from the disintegration 
of the'Vissahickon f'ormation and differing from the Manor 
loam in containing a larger percentage of the unweathered 
rock, is found on the slopes of the 'Vest Branch of' Brandy
wine Creek, of White Clay Creek and tributaries, of Elk 
Creek awl tributaries, and of Octoraro Creek and tributaries 
southwest of Oxford. It is a thin 01' "hungry" soil and 
requires frequent fertilization jf it is to be productive; its topog
raphy is unfavorable for cultivation, and it is more or less 
given up to woodland. 

rrhe Cecil clBy is a brownish-red silty loam with a still 
deeper-red clay subsoil derived from the decomposition of the 
gabbro and is therefore the soil of Wilmington and vicinity. 
It is a productive type of' soil and responds well to treatment 
with lime. 

'O\Vilder, H . .T" and ()ther~, Hoil ~urveyof Ohester County, Pa.: L'. S. 
Dept. Agr. Bur. Soils Sevelith Rept., pp. 135-170, 1905. 
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The Conowingo barrens is a soil derived from serpentine 
rock exclusively. This rock, because of its chemical stability, 
does not weather readily, and the soil derived from it is there
fore everywhere thin; in fact, in many places the bare rock is 
exposed. The soil is a yellowish-brown silty loam that 
becomes darker ·with increasing depth. Owing to its thinness 
it lacks not only capacity for holding water but also space 
for roots, and hence it has little value for agriculture. There 
are no lar~e areas of this soil in the Coates'dlle-"\\r est Chester 
district, but numerous small serpentine ridges are conspicuous 
because of their sterility. On the bare rock there is no vegeta
tion; with a slight depth of soil the hardy pink dwarf phlox 
flourishes j and with a greater depth there is a stunted growth 
of' cedars, white pine, scrub oak, red oak, blackjack oak, and 
always the cat brier. 

The De Kalb fine sandy loam, De Kalb loam, De Kalb 
stony loam, and Rough stony land are all derived from the 
\vea.thering of' the Cambrian formations and are confined to the 
North Valley Hills and the highlands of 'Vest Sadsburyand 
'Vest CaIn townships. These loams are alike in being sanely 
and owe their distincti ve characters apparently to vurifltions in 
the grain of the quartzite from which they are del'iyed and in 
the completeness of the disintegration of' the parent rock. The 
De Kalb fine sandy loam, whieh represents the complete dis
integration of a fine-grained quartzite, is gray or more rarely 
yellow and is suited only to light farming 01' to garden crops. 
The De Kalb loam, though less producti ye than the Hagers
town or Chester loam, will, if wisely treated, produce the 
staple farm crops. The other two soil!'! of' the North Valley 
Hills occupy the steep slopes and are best utilized for 
woodland. 

The Hagerstown loam is derived from limestone and is con
fined to Chester Valley. It is a dark-brown heavy, smooth, 
silty clay loam to a depth of 10 inches, where it changes to a 
lighter-brown heavy silt loam, which at a depth of 20 inches 
is replaced by a heavy silty yellow to brownish-red clay 
loam, which in turn at 30 inches grades into a silty clay. 
This soil is remarkably free from stone and immediately 
overlies undecomposed rock without transition through de
cayed rock. It represents the residual sand and clay after 
the carbonates have been removed in solution. The sur
face soil retains a small percentage of lime carbonate, "<'hich 
increases in amount with the depth of the soil and adds 10 

its productidty. The Hagerstown loam is the most productive 
soil of the district and has made famous the pl'Oducts of Chester 
Valley farms. 

On the east side of West Chester on the slopes of the west 
tributary to Chester Creek there is a patch of dark-colored clay 
loam that becomes less silty with increasing depth and repre
sents nne wash material. Its thickness is not more than 3 or 
4 feet. It has been named the Lickdale clay loam. 

Meadow soil is the aUu vial soil deposited by streams and 
therefore follows the stream courses. The largest areas of it 
are along the Brandywine Creek flats, ·where large herds of 
cattle are pastured. As it is somewhat too moist for crops, 
pasturage is the best use to which it can be put. 

About 50 per cent of the soil of the Coatesville-'Vest Chester 
district is the Chester loam, about 30 per cent the Manor loam, 
and 20 per cent the other soils above described. The Hagers
town loam is an exceptionally good soil. The Chester loam is 
above the average of soils in fertility, the Manor loam is an 
a verage soil, and the other soils, though less fertile, cover 
relatively small areas. The soil equipment of the district is 
therefore good. 

WATER RESOURCES 

Ridley, Chester, Brandywine, Red Clay, 'Vhite Clay, and 
Octol'aro Creeks are sufficiently strong streams to furnish water 
power and water supply and have been abundantly utilized 
fill' both purposes. 

Of these streams Brandywine Creek has its drainage basin 
most nearly confined to the Coatesville-West Chester district. 
Its headwater branches rise in the extreme northwestern part 
of Chester County, and its drainage basin occupies the central 
half of the 'Vest Chester quadrangle and about three-eighths 
of the Coatesville quadrangle. It has a drainage area of 
approximately 350 square miles and is utilized by the city of 
\Vilmington 'as the source of water supply. 

All the streams are fed by springs, which are abundant and 
stron~ and furnish private water supply throughout the farm
ing districts. 

As water carriers the rocks of the Coatesville and 'Vest 
Chester quadrangles fall into two classes-(l) metamorphic 
laminated rocks (the pre-Cambrian sedimentary and igneous 
rocks); (2) stratified rocks in which metamorphism has not 
been so great as to produce secondary planes of parting more 
effecti ve as channels for ground water than the original planes 
of sediment.ation (the Paleozoic sediments). 

The conditions controlling the occurrence of water in the 
rocks of the first class are quite unlike those controlling its 

occurrence in unrnetamorphosed stratified rock. Crystalline 
rocks, made up of closely interlocking grains, have a much 
lower porosity than unmetamorphosed sedimentary formations. 
Moreover, crystalline rocks do not have definite partings such 
us those furnished by the stratification planes of the sedimen
tary rocks and utilized by ground water as channels. Further, 
as crystalline rocks, even those made up of a series of meta
morphosed sediments, do not show notable alternations of 
permeable and impermeable beds, all beds alike being crystal
line and relatively impermeable, they contain no definite 
water-bearing zones. 

Crystalline rocks are not, however, without openings suited 
to the flow of ground water. These are of four sorts-joints, 
faults, schistosity planes, and contacts. The joints are the 
chief water carriers of crystalline rocks, yet they are far less 
reliable than the openings due to the stratification of sedimen
tary formations. Joints are vertical, inclined, or horizontal 
fractures, which are very irregularly spaced and are a some
what surficial phenomenon. Most metamorphic rocks contain 
two or more systems of intersecting parallel joints, which may 
be spaced from a few inches to 10 feet or more apart. Hori
zontal joints, such as are a common feature of granites, are 
spaced farther apart with increasing depth, and at a depth of a 
few hundred feet they disappear altogether. In all joints the 
opening is widened at the surface by weathering and rapidly 
decreases in width with increasing depth, becoming closed, and 
ultimately dying out. The joints with the greatest linear 
extension probably have also the greatest downward extension. 
The unreliability of joints as a source of water is due not alone 
to the disappearance below the surface of joints that appear at 
the surface, but also to the possible existence below the surface 
of joints that do not appear at the surface. It is important in 
obtaining water by means of drilled wells that master systems 
of joints should intersect, 01' that a system of horizontal joints 
should be present. 

Faults constitute a special class of joints, on which there 
has been movement of one side of the fracture relative to the 
other. They are far less abundant than ordinary joints, but 
they are likely to furnish. both ·wider and more persistent 
openings. 

Schistosity planes are planes produced by pressure and are 
due to the parallel arrangement of the interlocking crystals 
(especially mica) of a rock. The openings are therefore of a 
capillary character, and although they assist in bringing about 
the saturation of the rock, they are not usually large enough 
to promote the movement of ground water. 

Contacts, of course, are not peculiar to crystalline rocks, but 
they playa relatively more important part in crystalline rocks, 
where openings are few and irregular, than they do in sedi
mentary formations, ·where openings are numerous and deter
minable. 'Vhereyer an igneous rock has intruded another 
formation, the contact between the two formations is likely to 
furnish a channel for ground water. Along such contacts 
springs or streams fed by springs are likely to occur. 

The gneiss, gabbro, and granite of the Coatesville-vVest 
Chester district usually show four systems of jointing, as 
shown in the table below. In addition each formation has 
a system of horizontal or nearly horizontal joint planes. 
With these conditions of jointing, water can probably be 
obtained, though not abundantly, throughout the area of pre
Cambrian crystalline rocks by means of drilled wells at no 
very great depth. If water is not obtained within 250 to 300 
feet, there is little use in drilling deeper. The chances of' a 
moderate supply before that depth is reached have been 
estimated to be about 9 in 10. The water, except in the 
limestone a.reas, should be soft. 

Joint systems in rO(J7~1J of Goatesville- West Gheste1' district 

Baltimore gneiss Wissahi'tfo'i.n forma· Gabbro I Granite 
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Th. Paleozoic sediments furnish conditions for water circu
lation somewhat unlike those of the pre-Cambrian rocks. 
Like the pre-Cambrian rocks, they are crystalline and therefore 
less porous than the corresponding unmetamol'phosed types
sandstone, limestone, and shale-and more nearly alike in 
porosity. They possess, however, definite planes of stratifica
tion as well aE three systems of joints which serve as water 
channels, and water can he obtained from these formations at 
moderate depths. 

West Chester.-'Vater is supplied to West Chester by the 
municipal waterworks. The source of the supply is Chester 
Creek, which is fed by springs in the pre-Cambrian crystalline 
rocks. The pbnts are near Fernhill and at Millto·wn, 2 and 5 



miles, respectively, below the head of the stream. The capa
city of the plants is 2,500,000 gallons in 24 hours. The water 
is chlorinated at Milltown and pumped to a settling reservoir 
at Fernhill, whence it is served by gravity to about 12,000 
people. An analysis of the untreated water at Fernhill (No.1 
.in the table) shows it to haye a low mineral content and 
comparatively little hardness. 

In 1922 the borough drilled a well in the Baltimore gneiss 
about 100 yards southeast of the settling reservoir at Fernhill. 
At the depth of 238 feet water ,vas obtained -with fl. yield of 
21 gallons a minute. As this yield was too small to add mate
rially to the supply the well was abandoned at the depth of 240 
feet. The well was 10 inches in diameter, a.nd the water rose 
within 30 feet of the surface. 

Coalesville.-The town of Coatesville is supplied with water 
by the borough. At one time the water was taken from 
Sucker Run, which had a flow of 1,500,000 gallons every 24 
hours. The present supply is obtained from the headwaters 
of Rock Run, which has been dammed about 2~. miles north
west of Coatesville. From the reservoir the water goes to the 
purifYing station neal' by, where it is chlorinated and sent by 
gravity to a settling reservoir on the Korth Valley Hills just 
west of the rolling mills on the West Branch of Brandywine 
Creek, \vhence it is served by gravity to nearly 15,000 people. 
Rock Run drains crystalline rocks of granitoid and gabbroic 
types, and therefore the -water contains little dissolved mineral 
matter, as is shown by analysis 2 in the table. 

Parkesbu,rg.-The Parkesbur~ ,\\T ater Co. supplies Parkes
burg with water obtained from about 20 springs neal' the head 
of Glen Run, a tributary to the East Branch of Octoraro 
Creek, in Highland Township about 1 t miles south of Len
over. The eapacity of the springs is estimated at 150,000 
gallons in 24 hours. They are in the "\Vissahickon formation, 
and the water is described as medium soft. It issuell clear 
and cold and is furnished without treatment to 2.500 people. 

j!(qlen.-'Yater is supplied to Atglen by the Atglen 'Vater 
Co., which owns springs that issue from gneiss It miles north
east of Atglen and furnish a supply of about 6,000 gallons in 
24 hours. The water is piped 'to a reservoir north of' Atglen. 
It is soft and is served without treatment to 650 people. 

Christiana.-The Christiana Gravity 'Yater Co. furnishes 
Christiana with an abundant supply of soft water obtained 
from ten so-called springs at the headwaters of the East Branch 
of Octoraro Creek, 2~ miles north-northeast of Christiana. 
'rhese springs were developed by excavating to a depth of 3 to 
5 feet over an area of 4 to 6 by 10 to 16 feet, and the water is 
collected in a covered cement reservoir. The springs have a 
combined capacity of 130,000 gallons in 24 hours. The devel
opment of' additional springs is contemplated. 

Oxjord.-The water supply for the borough of Oxford is 
obtained from two drilled wells owned by the borough. They 
are about 1 mile north of Oxford and are drilled in the Wis
sahickon formation. One of them is 4t inches in diameter 
and 550 feet deep; the other is 6 inches in diameter and 
1,000 feet deep. The -water rises within 70 to 80 feet of the 
surface and is raised to the surface by air lift. The maximum 
yield from the combined wells is 120 gallons a minute and 
supplieB a population of over 2,000 people. An analysis of 
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water from the 1,000-foot well (No.3 in the table) shows it to 
be fairly soft and of low mineral content. 

West Grove.-The 'Yest Grove Water Co. supplies 'Vest 
Grove with soft water gathered from several springs and one 
drilled well 213 feet deep, in the 'Yissahickon formation, and 
from one dug well. The water is forced by three pumps with 
a combined capacity of 80 gallons a minute to reservoirs and 
snpplies a population of nearly 2,UOO. 

Avondale.-The Avondale water supply is furnished by 
springs in an abandoned limestone quarry a quarter of a mile 
southwest of Avondale station, which yield about 265 gallons 
a minute. Three pumps with a capacit'y of 147 gallons a min
ute force the water to a 392,OOO-gallon reservoir on the hill 
southwest of the quarry, from which it is supplied to nearly 
1,000 people. 

l{enneU Squa1'c.-The town of Kennett Square is supplied 
'with \vuter by the municipal wIltel'works. The water is 
obtained from Spring Run, a tributary to Red Clay Creek at a 
point about 2 miles east of Kennett Square, in the Baltimore 
gneiss. The capacity of the plant is 500,000 g-allons in 24 
hours. The water, which is soft., is chlorinated and supplies 
about 2,500 people. A reservoir has recently been eonstructed 
and the pumping station rebuilt. 

Wilrnington.---'tV ater is supplied to 'Vilmington by the city 
water department. The water is drawn from Brandywine 
Creek at a dam about 1 mile north of the south edge of the 
'Yest Chester quadrangle and 4,800 feet upstream from the 
plant of the wIlter department at Sixteenth and Market Streets, 
'Yilmington. 

Availableflow of Brandywine Creek over pe1'iod of to years 
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The city o~vns one-half the rights of the stream and is 
entitled to one-half the available flow. The water is treated 
by preliminary filtration, sedime'ntation, and slow sand filtra
tion. The chemical composition, which is fairly uniform 
throughout the year, is shown by analysis 4 in the table. The 
water is soft and has a low mineral content. 

OlheT suppl'ies.-The Octoraro 'Yater Co. furnishes water to 
the Pennsylvania Railroad from Downingtown, in East CaIn 
Township, to Shenk's Ferry, on Susquehanna River. The 
company has two plants-one at Pine Grove, on Octoraro 
Creek 3 miles we8t of Oxford, and the other 8 miles northeast 
of Pine Grove, on the 'Vest Branch of Octoraro Creek. The 
water is piped to six r(>servoirs along the ra.ilroad. 

Pomeroy, Toughkenamon, and Landenberg have no pnblic 
water supply but are dependent upon privately owned wells 
and springs. 

Springs and dug wells have chiefly, if not altogether, fur
nished the private water supply in the past, but drilled wells 
are becoming an increasingly important means of water supply 
in this region. 

On the Du Pont estate at Longwood there are two drilled 
wells 360 and 600 feet deep, both finished 'wit.h 8-inch steel 
casing. The 600-foot well, near the Red Lion Inn, penetrates 
the Setters formation and below 300 feet is in a medium to 
fine grained granite gneiss. The water rises in the well to a 
level 80 feet below the surface and is yielded under pump at 
the rate of 22 gallons a minutE. Analysis 5 in the table shows 
that the water contains only a moderate quantity of dissolved 
mineral matter and is only slightly hard. Except for the large 
quantity of iron the water should be excellent for all ordinary 
uses. 

On the high way from Longwood to Kennett Square, about 
1{- miles southwest of Longwood, there are many privately 
owned drilled wells in the Baltimore gneiss, ranging from 40 to 
72 feet in depth, in which the water l'ises within 37 to 20 feet 
of the surface. These wells yield from 7!- to 15 gallons a 
minute when pumped. 

A 6~inch well about. 1 mile southeast of the normal school 
at 'Vest CheBter is 61 feet deep and extends t.hrongh gabbro. 
The water rises in the well to a level 21 feet below the surface, 
and the well has a capacity of 18 gallons a minute. 

At 'Vesttown School, in Baltimore gneiss and serpentine, 
there are five drilled wells in the meadow sout.h of the school 
grounds and one on the school grounds. The school-ground 
well is 240 feet deep and yields on pumping 100 gallons a 
minute. 

About 1 mile northeast of Goshenville a privately owned 
drilled well 185 feet deep in the Baltimore gneiss furnishes 
water for a large estate. 

ANALYSES 

Analyses of waters from CoatesviUe and West Chester quadrangles 

[Analyzed by :'<!argaret D. Foster. except as Indicated. Parts per mllllon] 

Silica (SiO~)__ I 
Iron (Fe) __ __ : ___ ~_ 
Calcium (Ca) __ _ 

Magnesium (Mg) _ 
Sodium (Na) __ 
Potassium (K) _ 

Bicarbonat.e radicle 
(HCO s)_ 

Sulphate radicle (SO 4) ~_ 

Chloride radicle (CI)~ __ ~_ 
Nitrate ra.dicle ()fO,) __ _ 

Total dissolved solids at 

8.71 ''o [ 

4:~9 ;::0 [I 

3.9 2.9 
2.4 B.1 

.4 1. ° 1 

22 81 

5.2 5.5 
8.4 2.9 
4.6 .21 

1800 C. 46 " Tot.al hardness as 

i 

24·
"

I! 

'.4 
3.0 

6.7 
.13 

17 
1.7 

5.7 I 5.4 
1.6 f 

S5 48 

7.8 9.7 
1. 8 8.4 

.44 _________ _ 

70 94 

CaCO. (calculat.ed)____ 28 28 '26 49 
Date of collection ~' _____ I :May 6, Oct. 16, June 26, 

1922 19i2 1922 

24 
<2.2 

16 
4.8 
8.8 

2.' 

48 
S., 

12 

24 

127 

60 
Nov. 16, 

1922 

aA"I'erage of conoomant anal~s o~ samples collected A.ug. 11, 1913, Aug 10,1914, and May 
19,1915. Analyzed by JamesM. CR1rd, Troy, N. Y. 

blncludes 0.84 part per miUlon ()t Iron precipitated at time ()t an .. lysis 
oIncludes 2.0a parts per milll()n ()t iron preclplta.ted .. t time of analysis. 

1. Public water supply of West Chest.er: spring and stream half a mile 
northeast of Fel'nhUl. 

2. Public water Bupply of Coatesville: headwaters of Rock RUll; col· 
lected at waterworks 2i- miles northwest of Coatesville. 

8. Public water supply of Oxford; 6·inch well, 1,000 feet deep. 
4. Public water supply of Wilmington; Brandywine Creek; flltered. 
5. Drilled well 600 feet deep a.t Red Lion Inn, near Longwood. 
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GENERALIZED SECTION OF ROCKS EXPOSED IN THE COATESVILLE AND WEST CHESTER QUADRANGLES. 

Coneetogalimestone. 

Ledger dolomite. 

Vintage dolomite. 

Harpers schist. 

Cbiclrles Quartzite with Hellam con
glomeratemeUlber. 

BaltImore gneiss and Franklin lime· 
atone. 

Finely laminated fine·gralned Impure marble, weatberlng shaly. 

Gl"Bnuiar,crystallinellght..gray to white dolomite. 

Oray sandy micllc80Us schist with tbln quart.r.ltebeds. 

Green ftue_grained \aminated chlorltlc mica schist. 

Biotite gneiss and rnu8COvite schist, injected by granite and gabbro. 

Correlation chart 

I Age I Central TlIal'yland EasternPellDsyh'ania 

! .@1,CO(,'ll.l,lcOSbale. C",mUoo ~hale (dark-gray shale. cOntalnlng graptolites ot normansl!ill type; gray, green. antI 
~ purple slate; lind green ImpurBfl&ndstonej. 

I i I Coneswga.llmestone. Cb~dJ~N~:~~~r!.~~b~J~~[~r;~.,I~mp~~~iy~'rc~i..~~~i." and marble conglomerate, and thin" 

: l~ I CalcareonR series formerly known as Shenandollb Ihnestone.. now d,v,ded jnto Beekmantown 

i .E 0 several fOrWII,tiODS Vintage dolomite (medium to tine grllined white, gra~ anil blue l,mestone dololllite., lind 
"'Wappinger limestone" (fine-grained crys~lne dark-gray limestooe rangiDg ill age from Tren_ 

ton loLows,· Cambrian). 
, .. !!!~ Calcareous serl .... formerly known as Shenandoah ilmestone, now usually divlUed into I lImestone, Oonoeochesgue limestone, Elhrook Hmestone LedJ::er dolomite Klt,zers formation, 

I s11 marble.,sbaleandsandyhIUel!toneconglomerate) 

I~:I I ---~ 
I ~~ Ar1~!l~"!p~ii~~ Are~~~E:~x~r~~t~}lIIt" Chesbire ("Poughquag") quartzite (sllioUled sandstone). I .s ~ I ChiOl<i<)lllorruatJon, with Hellam conglomerate member at i;1Io!le.. ChlCkies quartzite, w,th Hellam conglomerate m"",ber at base 

I "'00"'0""'" --------1-------
Peacl1t.ottomsl8.te 
Caroifloouglomel"Bte. 

Pea.chllott<JmR\Rte. 
Cardifl'cooglomerate. 

s~ P':!:'hISstT.reek schist (chlorlUc ssricitic qu&rt~lte with interbedded chlor;oo-muscoviie Peters Creek schist (chlorltlc serlcltlc quartz schist and chlorlte-muscovlte schist). 

" !l Cockeysville marble (coarse grlLined granular magnesian marble with calcareous mica 
schh;tphasej. 

w:~~~~~tfF.:ci~tl~.~it~~~~I1.~~tal..!I~~ell!'~::~~Si,iliIs~!~:.t~~~dm~ao~f~~icla~ M~~:~~~!i;~~~Z:£;..:¥~~~n~=:n~i~~~e~d8=:a~i~~~~~7'!~; I 

C<;..~'%:.t1l~).mafble (coarsely crystalline marble, aSl!ociated with gneiss and penetrated by ln~.'\~~e:;ri';:,.~m;~:.~:\',~)!',:r~:~~~~\~~~h~~~:~~':t~~:~~u.!;:~~t of i 
Seltel'll1m'mabon (mica schist find mica gueiss w:th intere&lated qua,-tzIte member). Setters formation (quartzite and quartz schist, in some places dominantly a mica gneiss). L~':'t~ l1.~=i<;:~u~~i1~~b~i~~J~::~~g:7 Jl'~~~~~~b~ ~~:ed to be the equiva- : 

________ 1 _________ ",oo",m,n I 

I 
Fl"&nklln limestone (coarsely crystalline white marble with graphite and numerouS silicate I Marble (crystlllllne and very impure and trem(llitic). I 

minerals). I 

BaltlmOl"8 gnel~a (medium to tinA grained banded sedimentary gneiss, penetrsted by Igneous Fordham ~neisB (chiefly granitic and quarlzose banded sedimentary guelsses and Behlet with I 
rOck";inSomePI::sthoroUgh~~~aniti.zed). ___ ___ igneou~llltrUl!lves). ___ _____ I 

:Baltimore gnei ... (medium-grained quart;;o~e gneiss. altered ~edlment&ry rock). 



DEPARTMENT OF THE INTERIOR 
U. S. GEOLOGICAL SURVEY 

PLATE l.- SALTI MO RE GNEISS INJECTED BY PEGMATITE AND GABBRO IN THIN LAYERS 
Road cut on east side 01 West Branch of Brand ywine Creek half a mile no rth of Coates~il l e, 

Coatesv ille quadra.ne'ie 

PLATE 3.- THiN- BEDDED MICACEOUS QUARTZITE OF THE SETTERS FORMATION 

Quarry at A.vonda le , Coatesville quadran£;le 

PLATE 5.-THICK EVEN- BEDDEDCHICKIES QUARTZITE IN LOWER PART OF THE 
FORMATION 

Pennsylvania Rai lroad cut 1 mile west 01 AI ~len, Coatesville quadran~ l e 

Pl.J\.TE 7,- KARREN STRUCTURE PRODUCED BY SUBSOIL SOLUTION OF LEDGER DOLOMITE 
EXPOSED IN QUARRY STRIPPING 

Quarry 01 Charles Warren Co .• at Cedar Hollow, near Devault, Phoeni~ville quad rangle 

PENNSYLVANIA 
COATESVILLE AND WEST CHESTER QUADRANGLES 

PLATE 2.- BALTIMORE GNEISS CLOSELY FOLDED AFTER INJECTION BY PEGMATITE AND 
GABBRO 

About 2t miles north of Bryn Mawr, Norr is town quadran2 ie 

PlATE 4.-SCHISTOSE CHICKIES QUARTZITE, SCHISTOSE PLANE DIPPING SOUTHEAST 

Exposed in small gorge in North Valley Hi lls 2 miles west 01 Coatesville , Coatesvi lle quadrangle 

Pl.J\.TE 6,-THIN-BEDDED CHICKIES QUARTZITE ABOVE THE THICK BEDS 

Pennsylvan ia Railroad cut 1 mile west of Atglen, Coatesvil le quadran l!le 

PLATE g,- LIMESTONE CONGLOMERATE INTERBEDDED WITH THIN-BEDDED DARK LIMESTONE 
NEAR BASE OF CONESTOGA LIMESTONE 

In sm all quarry 2 mi les west of Downinf!town , Phoenixville quadrangle, The conglomerate is composed 01 
angula r fragm ents 01 white marble in a limes tone mat rix 
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Ciroulars showilli' the location of the area covered by any of the above folios. as well as information concerniIlll topographic maps and other publications of the Geological Survey, may 
be hsd on application to the Direotor, United States Geological Survey, WashinQton. D. C. 




