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DESCRIPTION OF THE PHILADELPHIA DISTRICT.

By F. Bascom, W, B, Clark, N. H. Dafﬁon, H. B. Kummel, R. D. Salisbury, B. L. Miller, and G. N. Knapp.

INTRODUCTION.
LOCATION AND AREA.

The area herein referred to as the Philadelphia
district lies between 39° 45 and 40° 15 north
latitude and 75° and 75° 30’ west longitude. It
covers one-quarter of a square degree, which is
equivalent in this latitude to 915.25 square miles,
or about 34.50 miles from north to south and 26.53
miles from east to west.

The district consists of four quadrangles—the
Germantown, Norristown, Philadelphia, and Ches-
ter—each of which measures fifteen minutes of
latitude and fifteen minutes of longitude. It lies
in three States—Pennsylvania, New Jersey, and
Delaware—and embraces in whole or in part ten
counties, namely: Bucks, Montgomery, Philadel-
phia, Delaware, and Chester counties in Pennsyl-
vania; Burlington, Camden, Gloucester, and Salem
counties in New Jersey; and Newcastle County in
Delaware. Within these limits there is a populaiion
of more than a million and a half.

OUTLINE OF GEOGRAPHY AND GEOLOGY OF ATLANTIC
BORDER REGION.

The Atlantic border region, of which the Phila-
delphia district is a part, is divisible into two
distinet geologic provinces—the Appalachian and
the Coastal. The Philadelphia district comprises
portions of both provinces, each of which is char-
acterized by special topographic features which
record its geologic and physiographic history.

The Appalachian Province is composed of three
well-defined geographic districts, which extend
throughout its length. The Allegheny and Cum-
berland plateaus form the most western of these
divisions; the Greater Appalachian Valley, com-
prising in Pennsylvania a group of valleys and a
succession of narrow ridges, constitutes the central
district, while the eastern division of the province
embraces the Appalachian Mountains, which
border the Grreater Valley, and the group of plateaus
which, stretching away to the east, constitute a
vast upland known as the Piedmont Plateau.

Of the three divisions of the Appalachian
Province, only a part of the eastern, or Piedmont
Plateau, is embraced within the district described
in this folio.

PIEDMONT PLATEAU.
By F. BascoM.

GEOGRAPHY.

The Piedmont Plateau lies at the southeastern
foot of the Appalachian Mountains, and owes its
name to this location. It extends northeastward
until it merges into the New England Plateau and

southwestward as far as Alabama, curving parallel |

to the Atlantic coast line. Its mean width is 60
miles, and it has a maximum width, in the central
portion, of 120 miles.

The Appalachian Mountains, which form its
northwest border, while more or less distinct topo-
graphically, are united with the Piedmont Plateau
in one physiographic division because the mountains
and the plateau express essentially one and the same
geologic and physiographic history. South of
Pennsylvania these highlands are chiefly repre-
sented by the Cohutta Mountains of Georgia, the
Great Smoky Mountains of Tennessee and North
Carolina, and the Blue Ridge of North Carolina,
Virginia, and Maryland. In Pennsylvania the
continuation of the Blue Ridge in South, Never-
sink, Lehigh, and Musconetcong mountains limits

the Plateau on the west. North of Pennsylvania |

the Highlands of New Jersey and New York form
its western margin. '
Physiographically this boundary between the
Appalachian Mountains and the Piedmont Plateau
is not sharply defined but is crossed by features
possessing similar and contemporaneous origins.
Geologically there is no destinction, the same geo-
logic formations and structures appearing in moun-

tains and plateau. Topographically there is
usually a more or less abrupt passage from a
trenched upland to level-topped mountains and
ridges. ‘

On the east the plateau is separated from the
seaward margin of the continental shelf by a belt
of coastal province 250 miles in width. The
greater part of this is under water in this latitude;
the land portion is called the Coastal Plain. This
dips gently eastward under the sea and increases
greatly in width toward the south. The boundary
between plateau and plain is usually defined by a
well-marked change in the topographic features
and geologic formations. Topographically the
change consists generally of an abrupt transition
from a diversified upland to a relatively undiver-
sified lowland. Geologically there is a transition
from consolidated and for the most part crystalline
rocks to unconsolidated clays, sands, and gravels
of more recent age. These Coastal Plain forma-
tions always overlap the eastern border of the
plateau, and in some districts are found far inland
and somewhat obscure the passage from plateau to
plain.

The margin of the plateau is always indicated,
however, by a change in- the character of the
streams which pass from plateau to plain. An
abrupt decrease in stream velocity characterizes
this passage, and so frequently do falls or rapids
mark the margin of the plateau that this boundary
has been called the “fall line.” This term is
imperfectly descriptive of the boundary, which is
actually a zone of appreciable width. East of this
zone navigable streams leading to tidal estuaries
afford good shipping facilities; west of it the
streams cease to be navigable and occupy narrow
turbulent channels. In the southern extension of
the plateau the “fall line” gradually rises until in
the Carolinas and Georgia, although falls and
rapids still mark its location and furnish power

for factories, it lies considerably above the tidal

limit.

The position of this ‘“fall line,” at the head of
navigation and at the source of water power, has
been a dominant factor in determining the location
of the large cities of the Atlantic States. A line
passing through New York, Trenton, Philadelphia,
Wilmington, Baltimore, Washington, Fredericks-
burg, Richmond, Petersburg, Raleigh, Columbia,
Augusta, and Macon will therefore mark in a
general way the passage from plateau to plain.

While the plateau exhibits diversity of scenery,
there are certain general features common to the
entire region which make it a topographic unit.
The province is, in" brief, a sloping upland of
moderate elevation dissected by rather shallow
open valleys, which become usually more rugged
and narrower on the,eastern border, and diversi-
fied by isolated eminences rising above the general
level of the upland. These valleys have been
formed by recent stream cutting since the plateau
surface was carved. If they were filled in, the
uplands would be converted into an elevated plain,
or plateau, sloping eastward and southeastward
toward the Atlantic or -south to the Gulf of
Mexico. ' :

Above the surface of this sloping upland rise
isolated eminences, left unreduced by the erosion
which produced the peneplain, now an upland.

On the New England Plateau, Mount Monad-
nock, a typical residual prominence, has furnished
to physiographic literature the term *“monadnock,”

‘by which similar residual hills are designated.

In New Jersey the upland has a relief on its
western edge of about 800 feet, while a few
monadnocks rise a little above that height, and the
eastern margin ranges from near sea level to an
altitude of about 60 feet. '

‘The Pennsylvania upland descends from an
altitude of 900 feet to an average elevation of 200
feet in the neighborhood of Philadelphia. The
monadnocks, Long Hill, Gibraltar Hill, and other

similar prominences rise 100 to 200 feet above the
upland.

In Maryland the western edge of the upland
reaches an altitude of 700 feet, and slopes to an
eastern margin in the vicinity of Baltimore, 300
feet above tide level. Rocky Ridge and State
Ridge are monadnocks on this upland.

In Virginia, North Carolina, South Carolina,
and Georgia the plateau slopes southeastward and
southward. Its summits range from 500 to 1500
feet in height along its western border, and its
eastern margin has an altitude of 300 to 500 feet.
Southwest Mountains, Brushy Mountains, South
Mountain, and many others are residual masses on
this plateau.

The plane surface which, sloping gradually from
western border to eastern margin, forms the
plateau, does not owe its even contour to the
underlying rock formations, for they possess highly
complex structures. The larger streams, which
have cut into the plateau, converting it into a
diversified upland, maintain courses which are
quite independent of the structure and character of
the rock floor. The tributary or subsequent
streams, on the other hand, show adjustment to the
constitution of the rock floor; and by means of
them the heterogeneity of rock character and the
complexity of rock structure are finding expression.
The general trend of the highlands, which is
northeast-southwest, in harmony with the strike of
the underlying rocks, does not accord with the
main drainage lines of the plateau but with the
courses of the secondary streams. The main
streams of the plateau, rising either in the Appa-
lachian Mountains or on the inland border of the
Piedmont, pursue courses consequent upon the
slope of the upland—i. e., to the east, southeast,
and south, and either empty into estuaries heading
at the eastern margin of the Plateau or, crossing
the Coastal Plain, empty directly into the Atlantic
or into the Gulf of Mexico. The Delaware, Sus-
quehanna, and ‘Potomac are such master streams
which have cut into the plateau rugged valleys
transverse to the strike of the rock formation.

South of an east-west line drawn just north of
New Brunswick, N. J., the interstream areas are
covered by a mantle of residual soil and are
characterized by absence of rock ledges. North of
this line the rock mantle is glacial drift, the depth
of which varies from zero to 200 feet. Rock
ledges become an increasingly prominent feature
toward the north, and contours are controlled, not
by streamwork alone, but by ice erosion and
deposition.

The discordance of underground structure with
the level contour of the plateau, the presence of
residual eminences, the v-shaped valleys within
broad U-shaped valleys, the nonadjustment of the
master streams to rock formations, the deep rock
mantle and the absence of rock ledges, all have
their explanation in the history of the plateau,
which will be outlined under the heading “Physi-
ographic record.” (See p. 18.)

GEOLOGY.

The rocks of the Piedmont Plateau include both
highly metamorphosed crystalline material and
unmetamorphosed fragmental material. The oldest
formation of the Pennsylvania Piedmont is presum-
ably of igneous origin—i. e., the material consoli-
dated from a molten condition.” Since consolidation
it has been subjected to pressure and metamor-
phism, which have produced an obscurely banded
structure. Such rocks are largely composed of
quartz and feldspar and are known as gneisses.
In the Pennsylvania Piedmont they form a part of
a composite formation known as the Baltimore
gneiss.

The later formations are chiefly of sedimentary
origin—i. e., the materials of which they are com-
posed were accumulated beneath the sea, consoli-
dated by pressure and cementing materials, and

subsequently uplifted with more or less folding.
These facts are indicated by their constitution,
their structure, and their mutual relations. They
include some of the oldest materials known to have
thus accumulated and some of the most recent.

The first sediments that were deposited in this
Atlantic belt were of arkosic and argillaceous
character, and their deposition took place in pre-
Paleozoic time. The subsequent compression and
folding to which the arkose and argillites were
subjected have developed from them a hard,
crystalline, finely banded gneiss, composed largely
of quartz and feldspar, and a mica gneiss with
interbedded mica schist facies. These gneisses
have been differently named in different portions
of the plateau. In the Pennsylvania Piedmont
the finely banded quartz-feldspar gneiss is inti-
mately associated with the more massive gneiss and
forms with it the composite Baltimore gneiss, while
the mica gneiss is known as the Wissahickon mica
gneiss.

The pre-Cambrian movements which metamor-
phosed these formations were accompanied by the
intrusion of bosses, irregular masses, sills, and
dikes of molten material which further altered the
squeezed sediments and which consolidated as
granite, gabbro, pyroxenite, and peridotite.

With the opening of Paleozoic time there were
deposited upon these gneisses successively arena-
ceous, arenaceous-argillaceous, calcareous, and argil-
laceous sediments. This deposition, taking place
in Cambrian and Ordovician time, extended over
a considerable portion of the Piedmont region, but
not throughout the region. The intense folding,
faulting, and accompanying metamorphism to
which they were subjected by the close of Paleozoic
time converted the arenaceous materials into quartz-
ite, the arenaceous-argillaceous sediments into inter-
bedded quartzites and mica schists, the calcareous
material into marble and calc schists, and the
argillaceous deposits into slates or micaceous schists.

These formations, which are widespread though
not continuous throughout the Piedmont belt, are
respectively designated in the Pennsylvania Pied-

mont the Chickies quartzite, the Shenandoah lime-

stone, and the Octoraro schist.

These crystallized sediments and igneous intru-
sions constitute the foundation of the Pennsylvania
Piedmont Plateau, but are uncovered only in
detached belts trending northeast and southwest.
They have been folded in synclinoria and anti-
clinoria made up of compressed anticlines and
synclines with dominant isoclinal southeast dips
and steep southeast cleavage dips, and have further
suffered thrust faulting.

These geologic formations and structures are not
confined to the plateau but appear also in the
Appalachian Mountains, into which the plateau
merges on the west without geologic change, form-
ing with the Appalachian Mountains a geologic unit.

Upon the central and northeastern portions of
this eroded crystalline floor there accumulated in a

shallow inland estuary both coarse and fine ripple-

marked sands and sun-cracked mud which in
places bears the tracks of animals or is locally rich
in vegetable matter. Contemporaneously with this
deposition, which took place in the Triassic period,
igneous material was intruded between the beds of

 sediment, or traversed them in the form of dikes,

or was poured out in lava flows. The consolida-~

tion and uplifting of these sediments took place

without metamorphism. The uplift was accom-
panied by abundant normal faulting and tilting,
sufficient only to produce gentle west and north-
west dips. These formations, wherever they occur
on the Piedmont Plateau, possess a very uniform
constitution and character, and are known in
Pennsylvania and New Jersey, where they cover a
large part of the plateau, as the Stockton and
Lockatong formations and the Brunswick shale.
The contemporaneous igneous material, occurring
in the form of lava flows, sills, and dikes, is diabase




and basalt. The latter rocks resist erosion and
form bold ridges whose level tops are a part of the
Piedmont slope or whose summits rise as monad-
nocks above the plain.
Palisades in New York and New Jersey, First and
Second Watchung mountains and Sourland Moun-
tain in New Jersey, Haycock Mountain, Rock Hill,
Long Hill, Gibraltar Hill, and many other lesser
hills in Pennsylvania.

On the extreme eastern border of the Piedmont
Plateau and in adjacent outlying areas the crystal-
line floor is concealed beneath unconsolidated
gravel, sand, and clay, which were deposited in a
marine estuary and along a former coast line dur-
ing Cretaceous time. These are the Patapsco and
Raritan formations of the Lower Cretaceous and
the Magothy formation and Matawan, Monmouth,
and Rancocas groups of the Upper Cretaceous.
Overlapping these formations and left by erosion
in scattered areas is a thin covering of sand and
gravel belonging to the Tertiary and Quaternary
periods. They show that the eastern border of the
plateau was intermittently submerged beneath
estuarine waters during these periods. They are
the Cohansey and Lafayette formations of the
Tertiary period and the Bridgeton, Pensauken, and
Cape May formations of the Quaternary.

COASTAL PROVINCE.
By F. Bascou and B. L. MILLER.

GEOGRAPHY.

The Coastal Province forms the eastern margin
of the North American continental plateau, and is
‘in geologic and geographic features essentially
unlike the Piedmont Plateau. Its western limit
coincides with the eastern boundary of the Pied-
mont Plateau and has already been characterized
as the “fall line.” Its eastern limits are defined
by the steep slopes of the continental shelf, which
vary in height from 5000 to 10,000 or more feet.
This declivity generally begins at a depth of 450
to 500 feet below sea level, and the descent from
this level to greater ocean depths is steep. Off
Cape Hatteras there is an increase in depth of
9000 feet within 13 miles, a grade as steep as that
found on the flanks of the greater mountain systems.
In striking contrast to this declivity is the com-
paratively flat ocean bottom stretching away to the
east with but few and slight irregularities.

Seen from its base the abrupt slope leading up
to the continental shelf would have the appear-
ance of a high mountain range with an even sky
line, broken here and there by notches produced
by streams which flowed across the shelf when it
was a coastal plain.

The Atlantic Coastal Province is divided into
two parts by the present shore line—a submarine
portion, known as the continental shelf, and a
subaerial portion, known as the Coastal Plain. In
some cases the dividing line is marked by a low
sea cliff, but more often the two portions grade
into each other without perceptible topographic
change, separated only by the shore line. Their
relative areas have frequently altered in geologic
time because of a shifting of the shore line east-
ward or westward, due to local or general depres-
sions or uplifts. Such changes are in progress also
at the present time.

That at some period the entire width of the
continental shelf was above water is shown by
the fact that old river valleys—the continuation of
valleys of existing streams—have been traced
entirely across the shelf, in which they have cut
deep gorges. The channel of Hudson River is
well defined, extending uninterruptedly to the
edge of the shelf, more than 100 miles east of
the present mouth of the river. The same facts
have been observed for Chesapeake Bay, the con-
tinuation of the Susquehanna channel.

The combined width of the submarine and sub-
aerial portions of the Coastal Province is uniform
along the entire eastern border of the continent,
being approximately 250 miles. In the south the
subaerial portion expands to 150 miles, while the
supmarine portion dwindles in width and along
the eastern shore of Florida almost disappears.
Northward the submarine portion increases in
width, while the subaerial portion diminishes,
disappearing altogether north of Massachusetts
through the submergence of the entire Coastal
Province. Off Newfoundland this province is
about 300 miles in width.

Such eminences are the

2

From the “fall line” the Coastal Plain, or
subaerial portion, has a gentle slope to the south-
east, seldom exceeding 5 feet to the mile, except in
the vicinity of the Piedmont Plateau, where the
slope is occasionally as great as 10 to 15 feet to
the mile. The submarine portion, or continental
shelf, is even more monotonously flat, as marine
erosion and submarine deposition have smoothed
out the irregularities due to’earlier subaerial erosion.
The continental shelf bears the sandbars which
fringe the Atlantic coast and the sand flats and
marshes which almost unite the bars to the Coastal
Plain.

The moderate elevation of the Coastal Plain,
which seldom reaches 400 feet and is for the most
part less than half that amount, has prevented the
streams from cutting valleys of any considerable
depth. Throughout the greater portion of the
plain, therefore, the relief is inconsiderable, the
streams flowing in open valleys which lie at only
slightly lower levels than the broad, flat divides.
The drainage is largely simple, most of the streams
being consequent upon the uplift of the plain from
the sea and lying wholly within the Coastal Plain.
The master rivers are the extension of streams that
rise in the Piedmont or Appalachian districts and
are therefore complex.

Conspicuous features of the plain are the marshes
bordering the stream courses, and the numerous
bays and estuaries, which are due to the submer-
gence of valleys carved during a time when the
province stood at a higher level than the present.
Chesapeake Bay (the old valley of the Susque-
hanna) and Delaware Bay (the extended valley of
the Delaware) together with such tributary streams
as Patuxent, Potomac, York, and James rivers,
are chief among such bays and estuaries. The
streams which have their sources in the Appa-
lachian province are sometimes turned at the ““fall
line” in a direction roughly parallel to the strike
of the formation, or the old coast line. Otherwise
the structure of the geologic formations and the
character of the materials have had but slight effect
upon stream development, except locally.

GEOLOGY.

The structure of the Coastal Plain is extremely
simple. Upon a floor of crystalline and indurated
fragmental rocks, the submerged border of the
Piedmont Plateau, rest overlapping beds of uncon-
solidated sediments having a southeast dip of a few
feet to the mile, uniform with the slope of the rock
floor. The materials of these beds are bowlders,
pebbles, sand, clay, and marl. Their total thick-
ness varies from a maximum of 50 feet in the
neighborhood of the “fall line” to 2250 feet near
the coast line. '

In age the formations range from Jurassic to
Recent. Since the deposit of the oldest formation
there have been many periods of deposition alter-
nating with erosion intervals. The sea advanced
and retreated differently in different parts of the
province, and therefore few formations can be con-
tinuously traced throughout the entire Coastal Plain.
Unlike conditions thus prevailed synchronously in
distinct portions of the district and produced great
diversity in the character and thickness of deposits
of a single period. A full representation of the
successive stages can be found within the Coastal
Plain, but can not be seen in any one section.
Their general .character and the distinctive terms
applied to them are given in the description of the
geology of the Piedmont Plateau. (See pp. 3-8.)

TOPOGRAPITY.

By F'. Bascou.

RELIEF.

About three-fourths of the Philadelphia district is
within the Piedmont Plateau and about one-fourth
is within the Coastal Plain. Delaware River marks
the boundary between the two provinces.

The Piedmont Plateau portion of the Phila-
delphia district is more or less conspicuously divis-
ible into northern and southern parts. These parts,
which are of nearly equal area, are distinguished by
unlike topographies: The topography of the south-
ern part is largely controlled by Quaternary and
pre-Triassic formations, while in the northern part
the topography is controlled by Triassic formations.

From the flood plains of Delaware River the
southern part rises by an abrupt wave-cut escarp-

ment. This escarpment, beginning at the 20-foot
contour line and 40 feet in height, is separated by
a faint and narrow terrace from a second escarp-
ment, which rises to the altitude of 80 feet. The
combined escarpments form a well-marked topo-
graphic feature which in the neighborhood of
Philadelphia is some 5 miles from the river. To
the extreme north and south of the city it lies close
to the west bank of the Delaware. From the top
of this escarpment, represented by the 80-foot con-
tour line, the upland terrace gradually rises, reach-
ing at a height of 160 to 180 feet the base of a
third well-defined escarpment. This escarpment,
the crest of which is marked by the 180- and 200-
foot contour lines, extends from Somerton on the
northeast sonthwestward to Gordon Heights, where
the three escarpments merge. Fox Chase, Summit,
the Queen Lane reservoir, the Swarthmore College
buildings, and the Chester reservoir are located on
its crest, from which the relatively flat slope to the
Delaware can be surveyed.

Northwest of the escarpment a more rugged
topography prevails. The upland rises more
rapidly, and 10 to 14 miles northwest of the
Delaware elevations of 400, 460, and 500 feet are
reached. These elevations mark the level tops of
hills which trend northeast-southwest and which
constitute a more or less well-defined topographic
feature known as Buck Ridge.

In the western part of the Philadelphia district,
in the southwestern portion of the Norristown
quadrangle, Buck Ridge is separated by a shallow
valley, known as Cream Valley, from conspicuous
hills rising at Paoli and Devon to a height of 520
feet. These hills are known-as the South Valley
Hills. North of them lie Chester Valley and the
North Valley Hills, also trending northeast and
southwest and rising to a height of 600 feet. The
shapes of these hills and of Chester Valley are due
to the character of the rock floor. Hard quartzite
and quartzose mica schist appear in the hills, while
the valley is underlain by relatively easily weath-
ered limestone. Toward the north this rock floor
slopes northwest and passes under a cover of Tri-
assic formations, and the topography alters in
character. In the eastern half of the Philadelphia
district, in the Germantown quadrangle, the South
Valley Hills disappear and Buck Ridge becomes
the southern boundary of Chester Valley. This
valley diminishes in width and depth toward the
east and then likewise disappears, and Buck Ridge
and the North Valley Hills merge in a broad high-
land extending to the northeast and passing on the
northwest under the Triassic cover.

The northern part of the Philadelphia Piedmont,
underlain by flat-lying sandstone and shale, is less
than half as large as the southern part, which is
characterized by well-defined ridges and valleys.
The range of elevation is not great; the average
height of land is from 380 to 400 feet, while the
greatest altitude reached is only 480 feet, in the
neighborhood of Fairview village. This elevation
marks the top of a relatively low and vaguely
defined highland trending northeast and southwest.
The more open, level character of the territory
underlain by Triassic formations, contrasted with
the rougher topography of the southern part of the
Piedmont, in which the crystalline rocks are
uncovered, is very apparent from the summits of
the North Valley Hills, which separate the two
parts and command them both.

That limited portion of the Coastal Plain which
is included in the Philadelphia district lies wholly
within the Delaware watershed. The original
slopes of this portion of the plain were toward the
Delaware basin, and erosion has not materially
modified them. Its greatest altitude, which is in
the extreme southeast corner of the district, is only
180 feet above sea level, while in the neighbor-
hood of the Delaware the plain lies approximately
at sea level. This surface of low relief and gentle

 slopes yet shows traces of two escarpments which
separate areas with somewhat contrasting topog--

raphy. These two escarpments correspond to the
first two escarpments on the west side of the
Delaware, but are less pronounced. The first
escarpment southeast of the Delaware occurs at an

“elevation between 45 and 58 feet above sea level.

At Morris the escarpment borders the marshes
of Delaware River; at Fish House it is half a
mile from the river. As it extends southwest
it retreats eastward, reaching in the vicinity of

“trict.

Bridgeport a distance of 5 to 6 miles southeast
of the Delaware. The area between the river and
this escarpment is characterized by exceedingly
low relief, extremely gentle slopes, and correspond-
ingly sluggish streams bordered by marsh land.
Eastward the land gradually rises, over the divides,
to a height of nearly 100 feet. At this height
occur the second escarpment and terrace. This
terrace is not so flat as the low-lying one, and the
streams which have cut through it have a higher
gradient; consequently the marsh land diminishes
and the valleys become more pronounced. From
this second escarpment to the southeastern border
of the Philadelphia district the country is rolling,
and in the region of Turnersville the surface is
even hilly. In the vicinity of Barnsboro, Wenonah,
Good Intent, and Laurel Springs the valleys are
relatively deep and the stream gradients are suffi-
cient for mill ponds. A more or less conspicuous
feature of the valleys of the Coastal Plain is the fact
that the northeast slopes are steeper than the south-
west. This is particularly striking in the valleys
cut by Pensauken Creek, the branches of Mantua
Creek, Edwards Run, ete., and is thought to be
due to the fact that weathering is stimulated on the
southwest slopes, which are exposed to the sun,
more than on the northeast slopes. The rapid
melting of frost and snow and alternate freezing
and thawing which take place on this slope wear
down the easily eroded Cretaceous materials more
rapidly on the right bank than on the left, where
the materials may remain continuously frozen dur-
ing the larger part of the winter season.

This differential weathering would be most
effective on such easily transported materials as
the unconsolidated sands of the Cretaceous, and
would not be so effective on the crystalline forma-
tions of the Piedmont Plateau, where, therefore, a
similar difference of valley slopes is not found.

DRAINAGE.

Delaware River, which flows parallel to the
trend of the geologic formations and topographic
features, and Schuylkill River, tributary to the
Delaware and flowing transverse to the geologic
and topographic conformations, are the chief
drainage basins of the Philadelphia district.

Of the total length of Delaware River (410 miles)
only 35 miles are included in the Philadelphia dis-
It is navigable by ocean steamers to'Phila-
delphia, 100 miles from the Delaware capes, and
with a low-water depth of 5 feet to Trenton, 30
miles northeast of Philadelphia. It is tidal to this
point, 130 miles above the capes. Like all the
streams of the district which are without natural
storage reservoirs the Delaware is subject to con-
siderable seasonal fluctuation in volume. The con-
ditions favorable to floods are those common to the
district—heavy rainfall on frozen ground, or rain-
fall in excess of what the ground is able to ahsorb.

Somewhat less than one-third of the total length
of Schuylkill River, or 30 miles, lies within the
Philadelphia district. Its drainage area comprises
1915 square miles. With headwaters in the
anthracite coal regions of Schuylkill County, the
Schuylkill flows across the Triassic formations and -
the Paleozoic crystallines of the Piedmont Plateau, .
emptying into the Delaware at Philadelphia. From
source to mouth the Schuylkill has a fall of -about
800 feet, or an average grade of 8 feet to the mile.
Most of this fall is above Reading. From Reading
to Norristown, a distance of 41 miles, the river
descends 141 feet, or 3} feet to the mile. "From
Norristown to the Delaware, a distance of 18 miles,
the river descends 60 feet, or 3} feet to the mile.

The divide between the Schuylkill and the
Delaware basins on the southwest is followed by
the tracks of the western division of the Pennsyl-
vania Railroad Company. The Delaware water-
shed is drained by Cobbs, Darby, Crum, Ridley,
and. Chester creeks, simple consequent streams.
Rising in the South Valley Hills, they pursue
courses which are, in general, transverse to the
strike of the underlying rock formations and in
the direction of the prevailing dip. Having an
average fall of 480 feet in distances of 16 to 20 -
miles, they have cut rocky channels 200 feet below
the level of the Plateau. These four creeks pursue
roughly parallel courses through a fertile and culti-
vated country. They possess drainage basins of
approximately the same area, averaging in round
numbers 30 square miles. S
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The streams north of the divide—Valley, Trout,
Gulf, and Mill creeks, lesser tributaries of the
Schuylkill, which enter it on the right bank—
having a higher gradient and flowing against the
prevalent dip, are contesting the divide vigorously
with the four southern creeks.

On the northeast the location of Germantown
and Chestnut Hill marks the divide between
Schuylkill and Delaware rivers. The Delaware
watershed is drained by Pennypack and Tacony
creeks. The Pennypack rises on the Triassic
formations and flows across the-ancient crystalline
rocks, and is therefore a composite stream. The
Tacony is confined to the Paleozoic area. Like
the streams on the southwest, their courses are
transverse to the trend of the rocks and in the
direction of the prevalent dip. Their valleys do
not exceed 100 feet in depth. ~

The chief tributaries of the Schuylkill are the
Perkiomen and the Wissahickon. - The former is

.confined to the Triassic rocks and has ecut a v(xlley

270 feet deep. The latter flows on:both the Tri-
assic cover and the uncovered crystallines, and has
cut a gorge 160 feet deep.

Perkiomen Creek, only the last 10-miles of which
is included in the Philadelphia district, has its
source in the-Blackhead Hills, which border on
the east the Greater Valley. Its watershed com-
prises an area of 447.59 square miles. The Per-
kiomen falls, from its source .to the entrance of
Northeast Branch, about 800 feet in 24 - miles, and
40 feet from this point to its mouth, a distance of
11 miles.

The watershed of Wlsaahlc‘kon Creek: separates
that of the Perkiomen from that of the Little
Neshaminy. The Wissahickon rises near Mont-
gomeryville, at the extreme northern limit of the

Philadelphia district, and pursues a southerly |

course for 20 miles, emptying into Schuylkill
River at Fairmont Park. It is the most important
of the. creeks entirely within the Philadelphia
district. Its watershed is 646 square miles in area
and is underlain partly by Triassic shales and
partly by crystalline rocks. The creek has a fall
of 420 feet from source to mouth, or an average
gradient of 21 feet to the mile. The upper courses
of the Wissahickon. north of Chestnut Hill are in

an open, shallow valley, which is part of an agri- |

cultural country. The percentage of woodland is
small. From Chestnut Hill to its - mouth, a dis-
tance of 6 miles, the stream has cut a rocky channel
which lies about 200 feet below the general level of
the:country and has steep, well-wooded slopes.

The streams of that portion of the Coastal Plain
which is within the Philadelphia district are all
subsequent and tributary to the Delaware. Pen-
sauken, Cooper, Big Timber, Woodbury, Mantua,
Raccoon, and Oldmans creeks are simple streams,
having their sources in the Upper Cretaceous marls
or on the border of the Miocene sands, and pursu-
ing northwest courses, against the gentle southeast-
ward dip of the marls, clay marls, and plastic clays
of the Cretaceous, into the Delaware. Flowing on
unconsolidated materials with an average fall of
only 8 feet to the mile, their valleys are shallow,
even in the upper courses, while in their lower
courses they are flat and marshy and their channels
are meandering.

These streams range in length between 10 and
16 miles, and are tidal for about half their total
lengths. Owing to this fact they have little impor-

tance as sources of water supply and water power.

DESCRIPTIVE GEOLOGY.
PIEDMONT PLATEAU AREA.

PRE-TRIASSIC METAMORPHIC ROCKS,
By F. Bascom.
GENERAL STATEMENT,

~The old ecrystalline rock formations of the
Philadelphia district, which are covered in the

- Coastal Plain by gravels, sands, clays, and marls,

and in the northwestern portion of the Piedmont
Plateau by shales and sandstones, are uncovered,
save for a few scattered outliers of these younger
formations, throughout a broad central belt. This
belt, trending northeast and southwest, traverses the
Philadelphia district obliquely. It has a width of
12 to 20 miles, widening southwestward, and con-
stitutes nearly one-half of the whole district.

The belt is a complex of highly metamorphosed
sedimentary and igneous materials, and is an

Philadelphia.

important part of a broad belt of similar material
which extends from Newfoundland tp Alabama
and forms an important part of the Continental
Shelf east of the Appalachian region. The Phila-
delphia belt passes under a cover of Triassic sedi-
ments at Trenton, and emerges at the surface in
southeastern New York and in New England.

In southwestern New England and in New
York, the following successions of formations have
been determined :

New England:

Ordovieian ___________ Berkshire schist.

Cambro-Ordovician __Stockbridge limestone.

Cambrian ____________ Cheshire quartzite.

Pre-Cambrian________ Stamford, Becket, and other
gneisses.

New York:
Ordovician.__________Hudson schist.
Jambro Ordovician __Stockbridge limestone or dolomite.
Cambrian ____________ Poughquag quartzite. .
Pre-Cambrian________ Fordham gneiss.

The belt extends southward through the eastern
half of - the Piedmont Plateau of Maryland and
into Virginia and the District of Columbia. In

‘Maryland the followmg succession has been pro-

visionally determined:

Ordovician _________________ ~Peach Bottom slate.
Cardiff quartz conglomerate.
Mica schist or phyllite.

Cambro-Ordovician ________ Cockeysville marble.
.Cambrian _._________________ Setters quartzite.
Pre-Cambian_______________ Baltimore gneiss.

Farther south similar pre-Cambrian mica schist,
and mica gneisses have been described by Keith
under the term Carolina gneiss.

In Pennsylvania the belt shows a basement of
igneous” rock, a sedimentary series of arkosic,
argillaceous, arenaceous, and calcareous character,

-and intrusive igneous material both basic and acidic

in character. The sedimentary rocks have been
completely crystallized and indurated. The argil-
laceous and arkosic sediments have been con-
verted into gneisses and schists, -the arenaceous
sediments into quartzites and quartz schists, and
the calcareous material into crystalline limestone
and marble. Both the sedimentary and the igne-
ous formations have been subjected to tangential
thrust from the southeast, which has produced
longitudinal folds overturned to the northwest and
trending northeast, cleavage normal to the compres-
sive force, and fissibility both normal and diagonal
to the force. In the argillaceous material and in
some of the arenaceous, mica has been abundantly
developed with its longest axis and cleavage plane

normal to the compressive force, thus producing

either a schistose structure or a gneissic banding.
Which of these two secondary structures is produced
is determined by the character of the other constit-

| uents and the amount of mica developed.

The sedimentary rocks of the Plateau fall into
four divisions:

Ordovician . ________________ Octoraro schist.

Cambro-Ordovician ________ Shenandoah limestone.

Cambrian __________________ Chickies quartzite.

Pre-Cambrian__ . ___ g Wissahickon miea gneiss.
' ' Baltimore gneiss.

Into the pre-Cambrian formations there have
been intruded great masses, sheets, and smaller

bodies of igneous material—granite, gabbro, pyrox-

enite, peridotite, and diabase. The sedimentary
formations lie in belts traversing the district from
the southwest to the northeast. The igneous rocks
cut across these belts more or less irregularly, but
with a general northeast and southwest trend.

SEDIMENTARY ROCKS.
PRE-CAMBRIAN ROCKS.
BALTIMORE GNEISS.
Distribution.—The Baltimore gneiss appears in

the middle portion of the district and traverses it
obliquely to the northeast. It is very thoroughly

| injected by a gabbro gneiss, which, with the Balti-

more gneiss, constitutes the flat-topped highland
known as Buck Ridge. Northwest of Chestnut
Hill the gneiss belt is very narrow, although still
persistent, while to the southwest and to "the
northeast it rapidly expands in broad uplands.
In the southwest it is bounded.on both sides by
faults, and on one side only in the northeast.
The formation is best exposed on the east bank
of Schuylkill River between Lafayette and Spring
Mill.

Character omd stratigraphic relations. — The
Baltimore gneiss is a medium-grained, thoroughly
crystalline aggregate of quartz, feldspar, hornblende,
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and biotite. The gneiss shows two facies: It may
be either quite massive and granitic; or it may be
characterized by a more pronounced banding which
is usually fine and intensely plicated—the gneissic
facies. The former type has wide distribution in
the areas northwest of the Philadelphia district,
while the more gneissic rock is relatively more
important within the district.

The granitic facies varies from a light-colored,
almost pure quartz-feldspar rock to a dark-gray
rock in which garnets may be developed in pro-
fusion, together with hornblende, biotite, and more
rarely augite. The feldspars are orthoclase, albite,
and oligoclase (Ab,An,). The following analysis
of the igneous facies of the Baltimore gneiss was
made by W. F. Hillebrand from a composite
sample collected from six localities:

Analysis of Baltimore gnéz‘ss.

SiO, . __ 70.21 | ZrOy - ______ Trace.
Al,Oy 13,95 | PyOy oo .10
Fe,Op ______________ 1,03 | Cl__.______ Not estimated.
¥eO__________________ 3.08| Fo_________ Not estimated.
MgO__ 1.20 | S . .09
CaO . ____ 3.10 | NiO __________ Faint trace
Na,O . ___ 3.2y | MnO ______________ 211
K, O o ___ 2.69 | BaO_______________ 09
H, O+ . 48 | SyO Trace
H,O0— _______________ 19 | Li,O . ______ None
CO, . 11 T on an
TiOg . 52 100. ?O

- The norm may be calculated as follows:

Quartz ___ . 30. 06
Orthoelase _____________________________________ 16. 68
Albite ___ . .77

~ Anorthite __________________________ . 15.01
Diopside_______________ o ______ LRR
Hypersthene __________________________________ 6. 99
Magnetite ..____________________________ . 1.89
Ilmenite . _______ o ___ .91
Pyrite . __ .18
Apatite __________ . 34
H,O0___ 67
COy oo L11

100. 23

Under the quantitative system of classifiecation the rock
falls into Class I, order 4, rang 3, and subrang 4—a persalane,
quardofelie, alkalicalcic, dosodic yellowstonose, which means
that the rock is extremely rich in salic constituents, i. e.,
quartz and feldspars, that of these minerals the feldspars are
dominant, that of the feldspars the orthoclase and albite
molecules do not greatly exceed the anorthite molecules, and
finally that of the alkaline feldspars albite is more abundant
than orthoclase. }

The structure of the rock is hypautomorphic, and biotite
and - hornblende are abnormative minerals. - Recognizing
these facts in the name it becomes a biotitic hornblende
granoyellowstonose.

The gneissic facies of the Baltimore gneiss is
characterized by a gritty feel and a pseadoporphy-
ritic texture. - To the alteration of layers of biotite
with quartz layers or quartz-feldspar layers is due
the finely gneissic character of the rock. Biotite
occurs in minute plates, but is never developed in
such dimensions or in such excess 2s to render the
rock schistose. Associated with the biotitic layers
are hornblende, epidote, titanite, garnets, and
more rarely staurolite or augite. Hornblende is
sometimes as prominent a constituent as biotite, and,
like it, is arranged in layers. The- feldspar, like
that of the massive type, is- orthoclase and acidic
plagioclase of about the composition of oligoclase;
in addition considerable microcline is present.
The apparently porphyritic texture is due to lenses

of quartz and of feldspar.irregularly interspersed

along layers. These lenticular areas are without
crystal boundaries, are rounded and pebble-like,
and sometimes obviously suggest that the rock is a
metamorphosed conglomerate. The micaceous
layers bend about them. .Rounded apatites are
also present in the gneiss.

The fresh character of the crystallization-and the
absence of pressure effects in the crystals, indicat-
ing that strain was relieved by recrystallization, the
rounded apatite, quartz, and feldspar grains, and the
sorting of the mineral constituents are microscopic
evidences of a sedimentary origin.. In the field
the gneiss has the appearance of a stratified rock.

Both east and west of the Phlladelphla district
the Baltimore gneiss contains considerable graphite,
which is disseminated in flakes. in = presumably
pegmatitic injections.

The Schuylkill River section exposes both types
of the Baltimore gneiss. The formation shows
anticlinal folding; steep dips prevail on the
periphery (see fig. 10, illustration sheet), while in
the center the folds are gentle and open and the
rock is more massive. The major folding is from
southeast to northwest, and the minor folding from
northeast to southwest. :

The clastic, finely banded gneiss lies on the
flanks of the massive gneiss, from which its con-
stituents are considered to be derived by subaerial
disintegration, and subsequently to be covered by
the deposits of an encroaching sea, with little
reworking by water. The alternation of mineral
constituents and the other evidences of sedimentary
origin seem to preclude the possibility of its being
a flow gneiss peripheral to a massive central core.

There is no means of estimating the thickness
of this formation, which is the floor upon which
the other sediments were laid down.

Correlation and name.—The Baltimore gneiss
underlies material known to be of Georgian
(“Lower Cambrian”) age. It is therefore pre-
Cambrian and is correlated approximately with the
pre-Cambrian Stamford gneiss of western New
England, the Fordham gneiss of New York, the
Baltimore gneiss of Maryland, and the Carolina
gneiss of the District of Columbia and Virginia.
While the Baltimore gneiss of Pennsylvania is not
stratigraphically continuous with the Baltimore
gneiss of Maryland, similar stratigraphic relations,
like lithologic character, and proximity of the two
formations have found recognition in a common
name. The pre-Cambrian gneiss of Maryland has
been called the Baltimore gneiss because of a fine

| exposure of it at Jones Falls Creek in the city of

Baltimore. :

The Baltimore gneiss includes H. D. Rogers’s
Primal lower slate and a part of his northern or
third gneiss belt. The major part of the ‘“third
gneiss belt” is gabbro. Both the Baltimore gneiss
and the gabbro are included by the Second
Geeological Survey of Pennsylvania under the term
Laurentian gneiss.

WISSAHICKON MICA GNEISS.

Distribution.—The Wissahickon mica gneiss
extends from Buck Ridge to the Delaware River
valley, where it passes under Cretaceous and Qua-
ternary materials. It is also found in a narrow belt
on the northwest side of Buck Ridge in the south-
western portion of the Norristown quadrangle.
This belt rapidly expands west of the Philadelphia
district and eventually becomes continuous with the
mica gneiss of the southeast slope of Buck Ridge.
Both areas are intruded by large bodies of granitic,
gabbroitic, pyroxenitic, and peridotitic material.

Character—The Wissahickon mica gneiss is
manifestly a stratigraphic unit, although possessing
an extremely heterogeneous character. This heter-
ogeneity, which is both local and regional, together
with the intimate association of an intrusive gran-
ite gneiss, has led to its separation by former
surveys into three belts—the *Chestnut Hill,”
“Manayunk” (chiefly an intrusive granite gneiss),

and “Philadelphia” gneiss belts. With variations -
‘which are indicated later, the formation as a whole

may be described as a medium- to coarse-grained
banded rock characterized by an excess of mica.
The chief constituents of the formation are quartz,
feldspar, both orthoclase and plagioclase, green or
brown biotite, and muscovite. Magnetite, apatite,

zircon, tourmaline, garnets, andalusite, sillimanite,
and zoisite are accessory constituents. The more -
gneissic beds contain abundant orthoclase and plag-
ioclase, which whenever tested prove to be an acidie"

variety between oligoclase and andesine (AbgAn,).

The rock is perfectly crystalline and the constitu-
ents possess clear-cut boundaries: The freshness of
the crystallization and the absence of .pressure

| effects upon the constituents indicate a recrystallized

sediment.

The belt passmg through Chestnut Hill and
Bryn Mawr is composed of beds which are alter-
nately micaceous and quartzose. Cleavage and

jointing are conspicuous features of this belt, and

on weathering the rock readily splits up into
pencil fragments aptly likened by Rogers to “half-
rotted fibrous wood.” A yellow color, with
brownish-black stains on the joint planes, such as
partly decayed wood exhibits, .adds fo”'the resem-
blance. The formation is also very garnetiferous,
especially in the neighborhood of the peridotite
intrusives, and for this reason has been known as
the garnetlferous mica schist.”

Even in this excessively micaceous belt the
formation is not free from feldspar, and in the
direction of Manayunk and Philadelphia massive
gneissic strata interbedded with micaceous and
quartzose layers become increasingly ' prominent

~
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and garnets are replaced by andalusite and silli-
manite.

Within the contact zone of the most northerly
of the serpentine dikes on the south flank of Buck
Ridge the mica gneiss has locally been altered to
a muscovite schist. It contains large lustrous areas
of muscovite which have won for it the designation
“gpangled mica schist.” It is siliceous, light
colored, coarsely crystalline, and splits readily.

The mica gneiss on the northwest flank of Buck
Ridge is adjacent to the Octoraro schist, from which
it is distinguished with great difficulty. It becomes
increasingly like the mica schist in the neighbor-
hood of that formation, losing completely the
gneissic character which characterizes the rock
elsewhere.

On the whole, the gneiss is separated from the
schist by the possession of a coarser crystallization.
The muscovite of the gneiss occurs in patches of
relatively considerable size, which gives to the
rock a spangled appearance not possessed by the
finer grained smooth fissile mica schist. Elsewhere
in this northwest area, removed from the vicinity
of. the mica schist and near igneous intrusives,
garnets, staurolite, and tourmaline are developed;
these minerals, together with large muscovite crys-
tals, make a rock type easily recognized.

As shown by analysis the rock has a chemical
- composition which, while it resembles that of a
shale, is not of a decisive character. The high
alumina and low alkali percentages and the pre-
ponderance of magnesia over lime, shown by the
analyses, are characters common to siliceous argil-
lites, while in feldspar-bearing rocks of igneous
origin, on the other hand, lime dominates the
magnesia.  The analyses permit, however, the
calculation of norms, and fall into line with the
quantitative system of -classification of igneous
rocks.

Analyses of Wissahickon mica gneiss.

1. 2. 8.
SiO, 56. 40 66.13 73. 68
Al,O, . 19.76 15.11 12,49
Fe,Of 4,35 2, 5% 2,10
FeO 4. 40 3.19 2.22
MegO 3.11 2.42 2,04
CaO_ .09 1.87 .56
Na,O . 5,82 2.1 2,97
K,O . 1.27 2.86 2.91
H,O4+ . , 1,55
H,O— ____ .. } 8.87 { .4 } 1.34
COy o Nomne. |__._________
TiOp o 1.05 .82 .81
ZrO, | __ Notest. |____________
PoOgo o .87 .22 .12
Cl_ e Notest, |-___.__.___
¥l Notest. | ______
S 08
CryOy | S None. | ________.__
NO_ . Trace Trace. |-.._.___._.__
MnO ____._____._ P2 R .20 .18
BaO .| Trace. |- _____.
SrO e Trace. |- __._.___
Li,O ___ . Trace None. |- __.__.
99, 99 99.87 101,42
N

1. Mica gneiss, Neshaminy Creek. ]

2. Mica gneiss, analysis made .from eomposite sample
collected from four loealities.

3. Mica gneiss, Neshaminy Creek, below 1.
_ Analyses 1 and 8 made by F. A. Genth, jr., Second Geol.
Survey Pennsylvania, vol. C 6, pp. 108, 109.

Analysis 2 made by W. F. Hillebrand, of the United States
Geological Survey. :

Cleavage and fissility are always features of the
mica gneiss and are most marked where the for-
mation is least feldspathic and most micaceous.
The folie are usually wavy and seldom as smooth
as those of the Octoraro schist. Stratification is
often obscure in the material poor in feldspar, but
where fresh rock is exposed this structure can
usually be discerned even in such material.
~ The beds show minute crumpling and both
gentle (see fig. 2) and steep folding. In the latter
case, cleavage, fissility, and bedding are parallel
structures, inclined 60° to 70° SE. The strike
is N. 60° to 80° E., with a pitch of 5° to 25° NE.

Thickness.—It is not possible to determine with
any exactness the thickness of the mica gneiss.
The isoclinal folding and constant variation in
beds give a false idea of its thickness, which prob-
ably is between 1000 and 2000 feet. ‘

Name and correlation. — Wissahickon Creek
affords an excellent section across the strike of the
formation, and because of its fine exposure in the
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gorge of that stream it is called the Wissahickon
mica gneiss.

The mica gneiss contains within itself no clue to
its age, which must be determined wholly on the
stratigraphic relations that the formation appears
to sustain with sediments that are correlated with
fossil-bearing material.

In northern Delaware and in the southwestern
part of Chester County, Pa., the formation is
found in association with crystalline limestone
and quartzite. While most of this limestone
lies southeast of the main mass of Shenandoah
limestone of Chester Valley, the rock perfectly
resembles that formation and a series of the expo-
sures is in line with the strike of those in Chester
Valley. There is also a quartzite associated with
the limestone which resembles the thin-bedded
sandy material of the Chickies and, like it, contains
broken tourmaline crystals. No fossils have been
found in either formation, but because of their
lithologic resemblance to recognized Paleozoic
rocks and their similar stratigraphic relations they
are held to represent Cambrian and Cambro-
Ordovician sediments.

In all of the exposures of mica gneiss and lime-
stone the gneiss overlies the limestone. It is
sometimes separated from the latter formation by
thin beds of quartzite, but frequently is found in
immediate contact with the limestone. If the
obvious stratigraphic relations of gneiss and lime-
stone were the true relations, the Wissahickon
mica gneiss would be Ordovician in age. That,
however, the superposition of the gneiss is only
apparent, while its actual stratigraphic relation is
that of an underlying formation, is presumed to
be the case on the following field evidence:

1. Within and west of the Philadelphia district
Wissahickon gneiss is adjacent for 50 miles to
recognized Ordovician mica schist. While in prox-
imity to the latter formation, the mica gneiss shows
a very close resemblance to the mica schist, making
it difficult to separate the two formations, yet a
separation can be made, and is made, on the basis
of the greater metamorphism of the mica gneiss as
exhibited in a more coarsely crystalline texture.
It is true that crystallinity increases eastward in
all the formations, but this change in grain or
crystallization seems sufficiently abrupt to indicate
a different and older or pre-Ordovician formation.

2. The structure of the limestone exposures
permits the interpretation that they are over-
turned synclines, or in some cases fan-shaped
synclines, in the troughs of which limestone is
left by erosion. This structure puts the gneiss
below the limestone.

3. The presence of tourmaline-bearing quartzite
between the limestone and the Wissahickon gneiss
is normal if the succession is an inverted one.

4. The occurrence in the gneiss of lenticular
areas of quartzite altogether similar to the Chickies
quartzite also suggests a reversed sequence.

5. That a garnetiferous mica gneiss is inter-
bedded with recognized Cambrian material is seen
to be the case in a section through Cambrian sedi-
ments made by the Pennsylvania Railroad near
Atglen, Pa. Here a mica gneiss is exposed
between the quartzite and limestone and also inter-
bedded with the quartzite. ]

6. No formation resembling the Wissahickon
gneiss has been found associated with the Paleo-
zoics to the northwest of the Baltimore gneiss axis.

7. Intrusive igneous material occurs abundantly
in the Wissahickon gneiss and in the Baltimore
gneiss, but, with exceptions to be mentioned, it is
significantly absent from recognized Paleozoic
rocks. The exceptions are a single occurrence of
serpentine surrounded by the Ordovician mica
schist and the indiscriminate passage of pegmatites
from the Wissahickon gneiss to later Paleozoic
formations.

In the case of the first of these apparent
exceptions it might be stated that the serpentine
exposure shows no contact relations with the mica
schist and that the serpentine may be older than
the latter formation. :

In regard to the pegmatites it may be stated that
pegmatization does not represent vigorous igneous
activity, but is rather the result of expiring igne-
ous force. The igneous activity whose vigorous
action resulted in the basic intrusions, which are
seemingly confined to pre-Cambrian time, may
have expressed its expiring force in pegmatization,

which continued through Cambrian and Ordovi-
cian time. It isalso conceivable that pegmatization
may have occurred in connection with the intru-
sions of Devonian and Carboniferous granites
which are found in the Appalachian Mountains
far to the south.

These stratigraphic relations and igneous associ-
ations indicate that the Wissahickon gneiss is,
in part at least, older than the Chickies quartzite,
and that to the southeast it often supplants the
Chickies "quartzite. There was some micaceous-
argillaceous sedimentation during Cambrian time,
as shown in the Atglen section, in the gradation of
mica gneiss into quartzite elsewhere, and in the
passage of quartzite into mica gneiss parallel to the
strike in still other localities. Yet both north and
south of Pennsylvania, sedimentation in earlier
Cambrian time was dominantly arenaceous. In
consideration of this fact, the Wissahickon gneiss,
probably representing originally many thousand
feet of scantily arenaceous sedimentation, is
assigned to pre-Cambrian time. Subeerial erosion
of the mica gneiss subsequent to the deposit of sand
in an encroaching sea will explain the apparent
gradations of the mica gneiss into the quartzite,
while the thin and lenticular character of lower
Cambrian sediments to the east will explain the
apparent passage of quartzite into gneiss along
the strike.

As has been indicated, the Wissahickon gneiss
occurs in extensive areas southeast of the Buck
Ridge axis, and toward the south, overlapping this
highland, is found immediately in contact with
outlying Paleozoic rocks; but northwest of Buck
Ridge the Wissahickon is missing and the Paleo-
zoic formations immediately overlie the Baltimore
gneiss.

This peculiar distribution compels one of two
assumptions: Either there was land area during
Wissahickon time in the west while the Wissa-
hickon was accumulating in an eastern sea, or
there was a subsequent abruptly defined uplift in
the west which permitted pre-Cambrian erosion to

cut deeply into the mica gneiss, removing it com-

pletely on the northwest, so that when subsidence
initiating Paleozoic sedimentation occurred Cam-
brian sand was laid down first directly upon the
Baltimore gneiss and later, as the sea encroached
on the land, upon superficially decayed Wissa-
hickon gneiss. This deposition to the east may
have taken place in bays or estuaries, and later in
enlarging bays or estuaries where the Cambro-
Ordovician limestone accumulated. This material,
both pre-Cambrian and later sediments, was subse-
quently folded, metamorphosed, faulted, and thrust
upon the western Paleozoics. In the Philadelphia
district the Cambro-Ordovician material which
presumably once overlay the Wissahickon gneiss,
has been completely removed by erosion. The
folded, metamorphosed, and faulted Wissahickon
gneiss alone remains.

The relation of the Wissahickon gneiss to the
Baltimore gneiss is not perfectly clear. On the
southeast flank of Buck Ridge the two formations
are adjacent for several miles, but are always
separated topographically by a line of depression
and for the most part structurally by a thrust fault
which is the plane of contact between the two
formations.

On the northwest flank of Buck Ridge the
Wissahickon gneiss lies conformably against the
Baltimore gneiss. The mica gneiss is cut out
almost- immediately by the Cream Valley fault,
but so far as this exposure is concerned the Balti-
more gneiss grades vertically upward into the
Wissahickon gneiss.

The Wissahickon gneiss, together with intrusive
granite gneiss, comprise H. D). Rogers’s first and
second gneiss belts and the “Chestnut Hill,”
“Manayunk,” and ““Philadelphia” mica schist and
gneisses, considered by the Second Geological Sur-
vey of Pennsylvania to be pre-Cambrian in age.

CAMBRIAN SYSTEM.

The Cambrian system is represented in the
Philadelphia district by arenaceous and calcareous
sediments which are completely metamorphosed
and now appear as quartzite and marble or crystal-
line limestone.

These formations are devoid of igneous intrusions
and represent continuous deposition during early,
middle, and late Cambrian time. They form a

syncline 2 or 3 miles in width, striking to the

northeast across the central portion of the Pied-
mont division. :

CHICKIES QUARTZITE.

Distribution. — The hard, resistant formation
known as the Chickies quartzite constitutes the
North Valley Hills, the highlands at Hickorytown
and Coldpoint, the hills west of Whitemarsh, Fort
Hill, Camp Hill, the highland about Willow
Grove, and the long ridge known as Edge Hill
and Lafayette Hill, also the hill that bounds the
northwest side of Huntington Valley.

Character. — The Chickies quartzite usually
shows a conglomeratic lower member, which is
largely composed of elongated pebbles of the blue
quartz that characterizes the pegmatites and some
facies of the Baltimore gneiss. This lower member
of the quartzite is not often exposed. One mile
south of Morganville and an equal distance east of .
Willow Grove it is brought to the surface in the
end of a pitching syncline. It is also exposed at
the base of the North Valley Hills near the dam
at Valley Forge, where it is brought up on the
limb of an anticline. The conglomerate passes
upward into a gray, compact, crystalline quartzite,
which, in turn, grades into a siliceous slate or a
sericitic quartz schist, or is altogether supplanted
by the quartz schist.

The sericitic quartz schist, or so-called itacolu-
mite, is typically exposed in quarries half a mile
northeast of Somerton station and in the Edge Hill
quarries. Here it is thin bedded. Bedding and
schistosity coincide and dip steeply southeast.
The quartz schist is of a light buff to white color
and always contains feldspar. The feldspar is for
the most part orthoclase, more rarely microcline,
and is usually more or less kaolinized. Tourma-
line, apatite, zircon, magnetite, and staurolite are
accessory constituents. ‘““Stretched” or broken
tourmaline is so constant and characteristic a con-
stituent of the Cambrian quartzite, not only in the
Philadelphia district but throughout the Pied-
mont Plateau that it is a guide in the identification
of the formation. The schist readily splits into
flattened rhombohedrons whose faces are parallel to
planes of schistosity and fissility. Locally the
quartzite may contain many geodes lined with
quartz crystals. Quartzite of this character occurs
at a locality known as Diamond Rock, on the
southwest flank of the North Valley Hills.

Thirty miles west of the Philadelphia district a
section through the Chickies quartzite shows
a considerable thickness of micaceous feldspathic
material interbedded with the quartzite. Such
beds occur as the uppermost member of the series,
separating typical quartzite from the overlying
limestone, and also as a lower member. Toward
the east these micaceous beds become very thin and
are altogether absent from the Philadelphia district.

A chemical analysis shows the rock to be highly
siliceous, with sufficient alumina and potassa for
gericite and orthoclase.

Chemical analyses of the Chickies quartzite.

1. 2. 3.

SiOy oo 87. 87 58, 97 56. 85
Al,Og . 6,61 22, 61 22, 28
FeoOp oo 2,89 5, 67 8. 21
MgO __ ... Trace. .25 1.40
CaO____.__ .. .4 .08 .19
Na,O .19 .32 .38
K,0 ___________. 1.78 7.34 12,63
Ignition___.______ 1.20 3,73 2,89
TiOy . 38 1.1 .82
P05 .06 .07 .16
MnO _...________ 18 | . <Trace.
Li,O e Strong reaction.

100. 80 100. 15 100, 81

1. Sericitic quartzite; one-half mile southeast of Vanarts-
dalen’s, near Neshaminy Creek.

2. Sericitic quartzite; quarry northeast of Somerton.

8. Sericitic quartzite; one-half mile south of Willow Grove
station.

Analyses by F. A. Genth, jr., Second Geol. Survey Penn-
sylvania, vol. C6, pp. 116, 117, 121.

Thickness.—The thickness of the—formation
varies; it never exceeds and is often less than 1300
feet, although the isoclinal folding in some local-
ities gives the appearance of greater thickness. An
overturned synclinorium with stratification aud
cleavage dips to the southeast is the prevailing
structure. The average strike is N. 50° to 70° E.,,



and the dip 45° to 80° SE. Faulting explains
the disappearance of the quartzite on the south
limb of the anticline.

Stratigraphic relations, and correlation. — The
name of the formation is taken from the locality of
its finest exposure and greatest thickness, on Sus-
quehanna River north of Columbia. At this
locality the quartzite shows abundant traces of
Scolithus linearis, as is the case also in the North
Valley Hills, and underlies quartzite in which
Olenellus fragments have been found by Walcott,
thus establishing its age as Georgian (““Lower Cam-
brian”). The quartzite of the Philadelphia district
deposited farther to the east than this typical
exposure of Georgian quartzite on Susquehanna
River may have been laid down in an encroaching
sea and thus belong to a later stage in the Cam-
brian than the Georgian. No forms of life save
Scolithus linearis have been found in it, hence it can
not positively be stated to be of Georgian age. It
can, however, be safely affirmed to be Cambrian
and is to be correlated with the Cheshire quartzite
of New England, the Poughquag quartzite of New
York, the Hardyston quartzite of New Jersey and
provisionally with the Setters quartzite of Maryland.
It is the Primal sandstone of H. D. Rogers and
the Formation No. 1, Chickies sandstone of the
Second Geological Survey of Pennsylvania.

CAMBRO-ORDOVICIAN ROCKS.

SHENANDOAH LIMESTONE.

Distribution.—The Shenandoah (“Chester Val-
ley”) limestone is a heavily bedded, crystalline,
white or blue magnesian limestone. Its surface
exposure in the Philadelphia district is confined,
with a few scattered outcrops along the Huntingdon
and Cream Valley faults, to Chester Valley, where
it covers an area 20 miles long and 2 to 2} miles
wide. The presence of limestone in Huntington
Valley along the course of Meadow Brook is indi-
cated by the character of the well water. The
rock actually outcrops only in the cellar of a wagon
house one-fourth of a mile northeast of Meadow
Brook station. In Cream Valley, which lies on
the west side of the Schuylkill and follows the
southeast flank of the South Valley Hills, there
are three exposures of the limestone—in several
localities in West Conshohocken, at the head of
Gulf ravine, and in the bed of Gulf Creek 1} miles
southwest. A series of sink holes in line with the
strike of these outcrops attests the presence of the
limestone near the surface. This line of outcrops
is continued southwest of the Philadelphia district.

Character and  stratigraphic relations. — The
limestone is highly siliceous and magnesian.
The analyses show great variation in the percent-
ages of SiO, and MgO, but no analysis gives
a sufficiently high content of MgO to warrant call-
ing the formation a dolomite. It is everywhere
crystalline, and increasingly so from west to east.
Associated with increasing crystallinity is a lighter
color, though blue and white limestone may occur
in the same quarry. ‘

It is in places quite micaceous, and always so in
the neighborhood of the overlying mica schist.
The beds immediately underlying the mica schist
are siliceous, micaceous, and schistose, and are to be
characterized as calcareous schist. The limestone
is abundantly traversed by calcite and quartz veins.
Quartz, feldspar, phlogopite, graphite, pyrite, and
siderite are accessory constituents, disseminated in
minute grains and crystals. Limonitic iron ore
occurs in pockets in the limestone.

Intercalated with the limestone are beds of
siliceous or micaceous schists. These intercalations,
which are lenticular in character, are conspicuous
in the limestone west of the Philadelphia distriet,
but occur infrequently in that portion of the lime-
stone confined to Chester Valley. Near Pomeroy,
25 miles west of the Philadelphia district, an
intraformational calcareous conglomerate shows
near the top of the formation.

The following analysis shows the siliceous and
magnesian character of the formation.

The limestone lies above the Cambrian quartz- |

ite in an unsymmetrical syncline. The prevailing
strike is N. 60° to 90° E., and the dips vary from
35° to 85° SE., with a gradual change in this
average strike and dip around the end of the
synclinal trough in the northeastern end of Chester
Valley. As in the case of the quartzite, on the
limbs of the overturned isoclinal folds stratification
Philadelphia. ‘

and cleavage dip are coincident when the stratifica-
tion dip is to the southeast. The prevailing
structure is isoclinal. '

Analysis of Shenandoah limestone.

Si0,s L 24,23
ALO, L 1.12
Fe, O, o 1.06
MgO . e 11
CaO e .55
Alkalies _____ o _______ 1.42
CaC0, L 40, 7
MgCO, 31,24

100, 00

Limestone from West Conshohocken, Montgomery County,
Pa. Analysis by F. A. Genth, jr., Second Geol. Survey
Pennsylvania, vol. C 6, pp. 126, 127.

In an abandoned quarry at Rennyson, 1} miles
northwest of Berwyn, a compressed overturned
syncline may be seen, with cleavage and bedding
coincident and dipping steeply southeast on the
limb of the syncline, and cleavage transverse to the
bedding in the trough of the syncline. An over-
turned isoclinal anticline is exposed in a rock cut
on the north bank of Valley Creek one-half mile
north of Howellville. (See fig. 13 on the illustra-
tion sheet.) A similar overturned anticline is to
be seen in the cut made by the Washington branch
of the Pennsylvania Railroad near Arlingham, 1}
miles southeast of Fort Washington. These second-
ary folds illustrate the character of the primary
folding of the limestone. The limestone of Cream
Valley is brought to the surface on the crest of a
low anticline.

Thickness.—If the interpretation of the structure
given above is correct the thickness of the forma-
tion must be much less than the width of its out-
crop. It is not determinable exactly, but probably
is not greater than 1000 feet.

Correlation and name.—Fossils of Chazy, Beek-
mantown, and Trenton ages have been found in
the limestone occurring to the west of Chester Val-
ley and stratigraphically continuous with the lime-
stone of Chester Valley. Fossils have also been
found in Chester Valley in somewhat ambiguous
material. This material is a drusy, geodiferous
rock which seems to have originated through the
replacement of calcareous material by silica. A
mass of the rock is exposed just south of Bridge-
port, near the Trenton branch of the Philadelphia
Railroad. Elsewhere it is found only in scattered
fragments which rest on the limestone and accom-
pany more or less persistently the contact of lime-
stone and Octoraro schist. It thus seems to mark
a definite horizon whose persistence between the
schist and the limestone precludes the possibility
of a faulted or an unconformable contact.

The material has not proved fossiliferous except
at one locality, near Henderson station, where frag-
ments resting on the surface of the ground have
been found to contain gasteropod and cephalopod
forms.

The following determinations were made by
E. O. Ulrich, of the United States Geological Sur-
vey: Raphistoma, two species, Maclurea, Lituites,
Cyrtoceras. These are Ordovician forms and indi-
cate a horizon in thelower half, probably Beek-
mantown. The limestone overlies conformably
Georgian (“Lower Cambrian”) quartzite and is
therefore Cambro-Ordovician in age. It is corre-
lated with the Stockbridge limestone of New
England and New York, doubtfully with the
Cockeysville marble of Maryland, and with the
Shenandoah limestone of Virginia. It is the most
easterly representative of the great belt of limestone,
the Auroral limestone of H. D. Rogers and For-
mation No. II of the Second Geological Survey
of Pennsylvania. Aside from a few scattered and
very minor exposures, the limestone of the Phila-
delphia district is confined to, and controls the
form of, Chester Valley, a conspicuous topographic
feature of the district. For this reason it has long
been locally known as the ““Chester Valley lime-
stone.” It is here called the Shenandoah because
it has the same limits and stratigraphic associations
as the extensive and well-known limestone of that

name.

ORDOVICIAN SYSTEM.

That calcareous sedimentation, which began in
Cambrian time, continued into Ordovician time is
shown by the presence of Lower Ordovician fossils
in an upper member of the Shenandoah limestone.

Further sedimentation in Ordovician time is rep-
resented by the Octoraro. This is the last known

Paleozoic deposit in this region, and, like the pre--
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ceding Paleozoic sediments, is dynamically meta-
morphosed and free from igneous intrusions.

OCTORARO SCHIST.

Distribution.—The Octoraro schist is largely
confined to the South Valley Hills, pinching out
to the northeast and expanding to the southwest.
Outliers of the mica schist occur north of Berwyn
and of Paoli and on Henderson and Bridgeport
hills. The Henderson and Bridgeport outliers,
while lithologically similar to the main mass of
mica schist, can not be positively correlated with
the formation. Their relation to limestone of
Chazy age, as seen in the Schuylkill River cut is
such as to admit interpretation either as an inter-
bedded structure or as the overlying synclinal
structure which the Octoraro schist must possess.

Character and stratigraphic relations.—The mica
schist is characterized by a pronounced lamination
of a slaty rather than a schistose type. The laminz
exhibit lustrous silvery surfaces and a blue-gray or
green-gray color, which under the action of weath-
ering alters to reddish yellow.

The chief constituents of this mica schist are
quartz, muscovite, orthoclase, and chlorite. Quartz
occurs in interlocking grains which show undula-
tory extinction and other pressure effects in their
form and arrangement. Orthoclase occurs sporad-
ically in considerable areas, but it is not an impor-
tant or characteristic constituent. Chlorite is uni-
formly distributed through the rock, interspersed
with wavy lamelle of muscovite. Plagioclase,
biotite, magnetite, ilmenite, tourmaline, apatite,
and pyrite are accessory constituents.

The constituents of the schist do not possess
clearly defined outlines and the crystalline texture
is neither so coarse nor so sharply defined as in
the Wissahickon gneiss.

In the hand specimen quartz is completely over-
lain by minute plates of mica, which alone show
on the cleavage surface, while eyelets of quartz may
show on the edges of the laminse. Cubes of pyrite
more or less altered to limonite are characteristic.
Considerable oxide of iron is present in this forma-
tion, which is evidently the source of the limonite
ore that occurs sporadically in pockets between the
limestone and the schist.

The analyses of the mica schist, with the rela-
tively high alumina and low silica and absence of
lime, fairly indicate a sedimentary origin for the
formation.

Analyses of Octoraro schist.

1. 2, 3,
Si0 . 43, 81 43,10 39. 35
AlOg oo 27.52 | 80.86 31,92
Feo,Og 7.30 7.28 2.19
PeO______ . Trace. |_________ 9.00 -
MegO__ 1.7 1.80 3.08
CaO_ .. A9
Na,O ___ . .56 . 66 1,98
K, O 8.81 6. 87 5.26
H,O+ .
Hang { 7.52 | 5.91 6.06
2 pn VO S i M S
COy . 3.78 3.28 1.20
POy .18 | Trace . 49
Li, O o ___ Trace. | . _____|.__________
101. 89 99,76 100. 58

1. Mica schist; between Gulf Mills and Hitner's marble
quarry.

2. Mica schist; between Gulf Mills and King of Prussia.

8. Mica schist; 1200 feet from ‘' Bird in Hand” tavern, on
road from Gulf Mills to Bryn Mawr. ‘

Analyses made by F. A. Genth, jr., Second Geol. Survey
Pennsylvania, vol. C 6, pp. 132, 133.

The lower beds of this formation are more cal-
careous, more siliceous, finer,.and darker colored
than the upper beds. The outlying areas at Bridge-
port and Henderson are of this character. In some
places there appears interbedded with the mica
schist a quartz schist or a quartzite similar to the
Cambrian quartzite. Fragments of such a quartz
schist show 1 mile north of Paoli on the northwest-
ern boundary of the mica schist, and 2 miles north
of Wayne such a siliceous member furnishes sand
for local use.

The mica schist of the South Valley Hills appears
to overlie the Shenandoah limestone without. fault-
ing or unconformity. This is indicated by the
lithologic gradation between the limestone and
schist which may be seen at the northwest base of
the South Valley Hills and by the persistence of
the same geodiferous quartzose beds along the con-

tact of the two formations, and is confirmed by the
fact that the outcrops show that deformation was
by folding and flowage and not by faulting.

The structure of the hills is evidently synclinal,
though cleavage and fissility are so pronounced as
to obscure the stratification. On the limbs of the
syncline cleavage and bedding are approximately
parallel, while cross structures prevail in the trough
of the syncline. ‘

The mica schist is well exposed in a ravine cut
through the South Valley Hills by Gulf Creek.
Where the rock overhangs the road, midway in
the ravine, it shows vertical cleavage and vertical
fissility, also fissility in two directions at an angle
of 45°. Stratification is obliterated at this exposure,
though it may be found at the entrance of the
ravine.

Thickness.—The structure of the formation in
the South Valley Hills indicates a thickness prob-
ably not exceeding 1000 feet. It is not known,
however, whether the full thickness of the forma-
tion is present here.

Name and correlation.—The name of this forma-
tion is taken from Octoraro Creek, which, cutting
through the mica schist south of Atglen, has laid
bare a fine series of exposures for 10 miles.

The formation is held to be Ordovician in age on
the ground of its normal stratigraphic position on
the Cambro-Ordovician limestone. It is correlated
with the Berkshire schist of the New England sec-
tion, the Hudson schist of New York, and doubt-
fully with the phyllites of Maryland. It is the
Primal upper slate of the First Geological Sur-
vey of Pennsylvania, and the Cambrian phyllite
of the Second Geological Survey.

IGNEOUS ROCKS.

The igneous rocks of the district areall intrusive.
They may be classed lithologically as granitic,
including several distinct masses; and as gabbroitic,
including the gabbro, hypersthene gabbro, norite,

‘pyroxenite, peridotite, metagabbro, metapyroxenite,

and metaperidotite; and diabase.

The application to them of the quantitative sys-
tem of classification brings out the fact that they
are all rich in lime, even the granite being alkali-
calcic and the others docalcic or percalcic. While
differentiation has developed representatives of dif-
ferent classes, the various species show magmatic
relationship—i. e., they form part of a zone of
lime-rich rocks, which, as has been elsewhere pointed
out, lies parallel to the Atlantic coast and west of a
zone of igneous rocks rich in soda.

These intrusions, with the exception of the dia-
base, are confined to pre-Paleozoic formations and
are therefore probably pre-Paleozoic in age. As
the diabase is associated with Triassic formations-
and belongs to that period, it is described under
the heading ‘“Triassic rocks.” ' '

GRANITE GNEISS.

Distribution—An igneous intrusive of granitic
character is well exposed on the west side of the
Schuylkill. Tt disappears somewhat abruptly on
the east bank of the river, at the Falls of Schuyl-
kill, but expands southwestward toward Delaware
River, where it disappears as a surface formation
beneath a cover of gravel. Its presence beneath
the gravel is attested by numerous large quarries in
the formation on Crum and Ridley creeks (see fig.
11, illustration sheet) in the neighborhood of Dela-
ware River. West of this body of granite gneiss a
similar rock occurs southeast of Lima and can be
traced to Glen Riddle.

East of the main body granite gneiss emerges
from a cover of mica gneiss, and is exposed on
Pennypack Creek near Verreeville and at Holmes-
burg, where it has long been quarried.

A granite gneiss also occurs in West Philadel-
phia and Fairmount Park. It was temporarily
exposed in the neighborhood of Powelton avenue
station when that station was removed and the rail-
road cut widened. The general lithologic similarity
of these isolated outcrops of granite gneiss suggests
a common magmatic origin.

Character.—The rock of the main mass of granite
is medium to coarse grained, typically gneissoid,

‘though much of it is massive away from the

periphery. It is characteristically porphyritic.
The phenocrysts, or porphyritic crystals, are light
flesh-colored orthoclases which show an orientation
of their longest axes parallel to the strike of the



rock. The phenocrysts range from one-half inch
to 11 inches in length. The chief constituents of
the rock are quartz, feldspar, biotite, and horn-
blende. Muscovite may also be present, but is not
as characteristic a constituent as is biotite.  The
feldspar is chiefly orthoclase and microcline and
subordinately oligoclase(AbgAn,). Accessory con-
stituents are titanite, apatite, epidote, and actinolite.
The rock shows the result of pressure by the pres-
ence of microcline structure, by the granulation
of the feldspar, by the granulation of quartz, and by
the orientation of the constituents. Along the con-
tacts with the bounding rock (mica gneiss), an injec-
tion gneiss has been produced by the penetration
of the acidic magma parallel to planes of fissility in
the mica gneiss. '

In the Pennsylvania Railroad cut 1§ miles south-
east of Overbrook station a contact facies of the
granite gneiss is exposed. The porphyritic granite
passes abruptly into a close-grained, aphanitie,
tough, light-gray rock which breaks with a
conchoidal fracture. Quartz, feldspar (bytownite
Ab,An,), colorless augite, and titanite are the chief
constituents. The texture is microgranulitic. The
exposure is about 500 feet in width; no other
exposure of this type has been found. This may
_be a dike; if, on the other hand, it represents a
contact zone, the more rapid cooling and earlier
crystallization which would characterize the periph-
ery of the intruding granite may explain the finer
grain and more basic character of the contact zone.

Along the lower courses of Ridley and Crum
creeks the rock is nonporphyritic, of an even
medium grain, light colored, and is characterized
by the presence of both micas.

This granite gneiss has not been separated by
the previous surveys from the “Manayunk” and
“Philadelphia” gneisses. :

The following two analyses have been made of
the granite at Port Deposit, Md., where there is a
southwestward extension of this intrusive body.

Analyses of granite from Port Deposit, Md.*

1. 2.
SiO, & .. 78, 69 66. 68
AlLO, . 12, 89 14,93
Fe, Oy o 1.02 1.58
FeO _ 2. 58 3.23
MeO_ .50 2,19
CaO . 3.74 4,89
Na,O . 2.81 2. 65
K,O0_ ___ 1.48 2.05
H,O+_ . 1.09

1.06

H,O— . } { .16
TiOg o e .50
PO, | .10
MnO_ e .10
BaO ___ | .08
SrO_ e Trace.
LioOo |l Trace.

99,77 100, 23

e Grimsley, & P. Jour. Cincinnati Soe. Nat. His., vol. 17,
1894, pp. 88, 89.

1. Biotite granite or quartz monzonite.
liam Brownell, Johns Hopkins University.

2. Hornblende-biotite granite or quartz monzonite. Anal-
ysis by W. F. Hillebrand, United States Geological Survey.

Analysis by Wil-

These analyses give the following norms:

1. 2.
Quartz . 41.28 27,84
Orthoelase . _________________ 8.90 12,23
Albite . 23. 568 23.06
Anorthite________________________ 18,07 22,24
Diopside_ .. .25 1.30
Hypersthene ._.____.___._____ _ 5.18 8. 80
Magnetite .. _________ 1.39 2,82
Tlmenite | .91
Apatite . .34
T HO 1. 06 1.25
99.76 100, 45

These normns show that the more acidic facies of the granite
from Port Deposit is a biotite granosusquehannose (Class I,
order 8, rang 3, subrang 4). This means that the salic or
quartz-feldspar constituents preponderate; that quartz and
feldspar are present in nearly equal amounts; that of the
feldspars the alkali molecules are equal to the lime molecules;
that of the alkalies soda is dominant; and finally that the
texture is megascopically hypautomorphic granular, and that
the only abnormative mineral present in the rock is biotite.

The more basic facies falls in Class II, order 1, rang 3, sub-
rang 4. Like the susquehannose it is dosodic and alkalicaleic,
but differs from the other facies in the fact that the salic
minerals are merely dominant, not preponderating, and that
feldspar is dominant over quartz.

The texture of the rock is hypautomorphic granular; bio-
tite is the only abnormative mineral present and is a critical
mineral. According to the quantitative classification the
rock is therefore a biotite granotonalose. )
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Age.—Because of the relation which the granite
sustains to gabbro and to serpentine, an alteration
product of a basic intrusive, the granite is held to
be the oldest of the pre-Paleozoic intrusives.

North and west of Lansdowne considerable
masses of gabbro have invaded the granite and
altered it along contact zones.

Between Glen Riddle and Lenni Mills the Wil-
mington and Baltimore Central divisions of the
Pennsylvania Railroad afford a section through
granite and serpentine. Both rocks are greatly
decomposed, but the facts indicated by the section
seem to be that the granite is the older intrusive and
that the serpentine cuts through the granite and lies
on top of it as a sheet. The relation of the outcrop
of granite and serpentine to the topography also
indicates that the latter rock overlies the granite.

HORNBLENDE GNEISS.

In the eastern part of the Philadelphia district
there is a large body of hornblende gneiss whose
areal distribution is concealed by a covering of
younger materials. Quarries on the outskirts of
Frankford near Chelten avenue, Germantown, and
an exposure on Pennypack Creek north of Holmes-
burg, reveal the character of the material. It is
also penetrated by the shafts and tunnel of the
Torresdale filtration plant. The contact of the
hornblende gneiss and the Wissahickon mica gneiss
wasseen in this tunnel. = The hornblende gneiss cuts
across the structure planes of the mica gneiss and
sends apophyses into the mica gneiss. The char-
acter of this contact and the constitution of the
rock, indicate an intrusive igneous origin. The
rock is medium grained and dark colored, owing to
the prevalence of hornblende. This constituent is
dark green and is arranged with the longest axes
parallel, thus producing the gneissoid structure.
The other constituents are quartz, orthoclase, mi-
crocline, oligoclase, biotite, titanite, and apatite.
The structure is granulitic and gneissoid. Owing
to the excess of hornblende the rock is darker
colored than the granitic intrusive on the west side
of Schuylkill River. It is otherwise not unlike it
and may be genetically related to the granite.
The stone, which is extensively quarried at Frank-
ford, has been used for building purposes and for
bridge abutments.

GABBRO AND ALLIED ROCKS.

Distribution.—A formation including gabbro,
hypersthene gabbro, and norite constitutes a great
igneous body which intrudes itself into the crystal-

line rocks of the Atlantic border from Virginia to v

New York. Itis animportant formation in Mary-
land, Delaware, and southeastern Pennsylvania.
It invades alike pre-Cambrian Baltimore gneiss and
Wissahickon mica gneiss.. In the Philadelphia
district its maximum development is in the south-
west. From this section it extends northeast,
forming the main mass of Buck Ridge, where it
shows itself at the surface in exceedingly irregular
areas. It is intimately associated with the Balti-
more gneiss and has so affected this gneiss along
contacts as to produce an appearance of gradation
from banded gneiss to massiveé gabbro. Many
instructive exposures of gabbro and Baltimore
gneiss show the intercalation, along the periphery
of the gabbro mass, of the gabbro between the
folded beds of the gneiss. The penetration of the
gneiss by the gabbro is irregular, thin sheets swell-
ing into larger masses which weather into rounded
bowlders on exposure. :

Because of this peculiar injection of the gneiss
by the gabbro, gabbro bowlders may appear sporad-
ically in areas where gneiss is the prevailing
formation at the surface, and vice versa.

At Glen Mills, a few rods south of a large quarry
in gabbro, an abandoned quarry shows a composite

of gneiss and gabbro, yet the gneiss does not

appear as a surface formation. It is therefore
impossible,’in drawing the boundaries of these two
formations, not to include some gneiss within the
gabbro area, while gabbro may be seen within
the gneiss areas in rock cuts, though not prevailing
at the surface. This is particularly true of the
areas northwest of Media. The two formations
have not before been separated. They alike give
rise to a relatively elevated rolling country with
irregular rounded eminences. Dark-colored bowl-
ders of disintegration with rusty exteriors strew
the fields and afford almost the only indication of

the underlying rock. The gabbro bowlders are
extremely tough, except along contacts with the
gneiss, where the development of hornblende and
mica renders the rock more schistose and more
easily attacked mechanically.

Character—The gabbro is a medium-grained
massive rock, possessing a bronzy gray or a green-
ish gray color, the shade depending on the fresh-
ness of the ferromagnesian constituents. Quartz,
pyroxene, and feldspar may be determined in the
hand specimen. Further study shows the gabbro
to be typically a hypersthene-augite-plagioclase
rock with accessory quartz, biotite, hornblende,
magnetite, apatite, titanite, pyrite, pyrrhotite, gar-
net, and orthoclase. Decomposition products are
actinolite, chlorite, and serpentine. Quartz is an
extremely variable constituent, ranging, where
present, from a trace to 30 per cent. The
pyroxenic constituent may be exclusively or chiefly
hypersthene, when the rock becomes a norite, or
less frequently chiefly augite (hypersthene gabbro)
or exclusively augite or diallage, when the rock is
a typical gabbro. The pyroxene constitutes from
10 to 40 per cent of the rock.

The feldspathic constituent is labradorite or
labradorite-bytownite, and varies in amount from
5 to 60 per cent of the rock. Between the
pyroxene, whether hypersthene or augite, and the
labradorite there occur reactionary peripheral zones
of garnets. On the inner margins of the garnet
rims there may be a narrow zone of quartz and
hornblende. These garnet rims are a persistent
and striking petrographic feature of the gabbro.
(See figs. 18, 19, illustration sheet.) Wherever the
gabbro has been subjected to pressure, as along the
periphery of the intrusive mass, pyroxene has
been replaced chiefly by green hornblende and
subordinately by biotite and quartz. (See fig. 20.)
A more or less schistose structure was produced by
the development of these two minerals. In the
intruded rock (Baltimore gneiss), hornblende is also
developed along the intrusive contacts and accom-
panies biotite as a constituent of the gneiss. This
contact phenomenon increases the difficulty of
separating the gabbro and the gneiss. The gabbro
is associated with, and through decrease in feldspar
grades into, pyroxenite, or with the addition of
olivine into peridotite.

An analysis of the gabbro, made by W. F.
Hillebrand, from a composite specimen represent-
ing three localities, gives the following oxide per-
centages :

Gabbro from the neighborhood of Radnor and

of Bryn Mawr.
SiOp_ L 54.03 | ZrO, ______ Not estimated.
AlLOp . _______ 16.71 P,Og o 0.13
Fe,Op oo 1.87 | Clo________ Not estimated.
FeO ... A (T S Not estimated.
MgO . 5, 66 S .09
CaO . 884 | CryOy5 . ________ Trace
Na,O o 2,99 | NiO_____.__________ Trace.
RO oo 67 | MnO _______________ .13
H, 04 . . 63 | BaO _.__._____.____ Trace
H,0— ... 14 | SO Trace (7).
TiOp oo .84 | Li,0______________ Trace
002 ———————————————— . 40 100‘ 23

The norm according to the quantitative classifi-
cation would be as follows:

Quartz._____ . 4,56
Orthoelase____________________ . _____ 3.89
Albite - _____. 25,68
Anorthite _______________________ . 30. 30
Hypersthene _____________________________________ 20, 67
Diopside_ .. 10. 52
Apatite __ o __ .34
Ilmenite .. 1,52
Magnetite .____________________ 2.09
Pyrite .____________ .. .24
H,O__ .67
COy .40

100. 88

The rock therefore falls into Class II, order 5, rang 4,
subrang 3, and is a hessose. This means that the salie, or in
this case the quartz-feldspar, constituents are dominant and
the femic or ferromagnesian constituents subordinate. Of

the salic constituents feldspar predominates to an extreme .

degree and lime-soda feldspar with dominant lime is the pre-
vailing feldspar. Augite is the only abnormative mineral
among the essential constituents of the rock, and it usually
plays the role of a critical mineral. The texture of the rock
is hypautomorphie, granular; it may therefore be designated
an augitic granohessose.

Age—The youngest material into which the
gabbro has been found to intrude is the pre-Cam-
brian Wissahickon gneiss. The gabbro is, there-
fore, pre-Cambrian in age. Its relations to the
granite indicate that the granite is the earlier
intrusive. By the previous surveys the gabbro has
not been separated from the Baltimore gneiss and

has been included in the “Third gneiss belt” or
the “Laurentian gneiss.”

Metagabbro dikes—Penetrating the Baltimore
gneiss and the Wissahickon gneiss are numerous
basic dikes which have been altered to hornblende
schists. Many of them are distinctly connected
with the great gabbro intrusive, and presumably
there is connection when it is not obvious.

Such dikes occur 1} miles south of Ithan on
Ithan Creek, one-half mile north of Ithan, one-half
mile southeast of Villa Nova, in the Schuylkill
section mnear Spring Mill, one-half mile north of
Bryn Mawr station, on Crum Creek in Willistown
Township, parallel to Crum Creek in the neighbor-
hood of Swarthmore, on Chester Creek near
Ridgewater, on Rocky Run in Middletown Town-
ship at Edgemont in Edgemont Township, at Val-
ley Falls station on Pennypack Creek, near
Verreeville on the same creek, at Ogontz, and at
other localities.

These dykes vary in width from 1 to 100 feet.
While the larger dikes are more or less massive, the
narrow ones are thoroughly schistose, and in all of
them hornblende is the prevailing constituent.

Feldspar, chiefly plagioclase, and quartz, scanty
and in part secondary, are the other essential con-
stituents.  Apatite, titanite, biotite, magnetite,
abundant garnets, and pyrite are accessory constit-
uents. Secondary constituents, in addition to
quartzand hornblende, are actinolite, anthophyllite,
zoisite, epidote, chlorite, and muscovite.

That hornblende, which usually occurs in fresh
green blades with a parallel arrangement of the
longer axes, is an alteration product from pyroxene
is proved by the presence in some cases of an unal-
tered augitic core surrounded by hornblende. The
feldspars are twinned, granulated, or altered to
zoisite, epidote, muscovite, and chlorite.

An analysis, made by W. F. Hillebrand, of a
specimen from a dike of metagabbro occurring 1
mile north of Bryn Mawr station, is as follows:

Analysis of melagabbro dike, Roberts road, Bryn Mawr.

Si0y 48,68 | P,Oy ______________ 0.29
AlLOg 14.89 | Clo____.___ Not estimated.
Fe,Op . ______ 4, 00 T Not estimated.
FeO . _____ 10. 09 S .. Trace
MgO____ . __ 6. 32 Cr, 0y . _ 2 ______ None
CaO . 9,23 NiO .. Trace
Na,O ___ ... 2,81 | MnO_______________ 22
K,O______________ AT | BaO_.________ Faint trace.
H, O+ . 2,08 | SrO____________.___ None
H,O—_ ___________ .46 Li,O . ________ Trace (%).
TiOg_ 1.69
ZrO,_____ Not estimated. 100,18
COy o None.
The norm is given below :
Quartz___ ... 2.82
Orthoelase_ . 2.78
Albite e 19,39
Anorthite_________________ . 27.52
Hypersthene ____________________ . ___________ 21,78
Diopside__ . 18, 67
Apatite______________ .67
Magnetite _____._____ 5.80
Tlmenite ___ L 8.19
H,0 o 2.49
100,11

The rock falls into Class III, order 5, rang 4, subrang 8—i. e.,
itisan auvergnose. Like the gabbro mass to which it is prob-
ably genetically related, it is perfelic, docalcie, and presodic,
though it is slightly more basic, the femic constituents being
equal to the salic. This is the chemical relation which dikes
often bear to larger intrusive bodies from the same parent
magma. The dikes, representing later intrusions, are, because
of differentiation, either more acidic <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>