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The Geolog al Survey is making a geologic atlas of the
United States, which is being issued in parts, called folios.
Each folio includes topographic and geologic maps of a certain
area, together with descriptive text.

THE TOPOGRAFPHIC MAP.

The features represented on the topographiec map are of
three distinet kinds—(1) inequalities of surface, called relief,
as plains, plateaus, valleys, hills, and mountains; (2) distribu-
tion of water, called drainage, ag streams, lakes, and swamps;
(3) the works of man, called ewltuwre, as roads, railroads,
boundaries, villages, and cities.

Relief —All elevations are measured from mean sea level.
The heights of many points are acenrately determined, and
those of the most important ones are given on the map in
figures. 1t is desirable, however, to give the elevation of all
parts of the area mapped, to delineate the outline or form of all
slopes, and to indicate their grade or steepness. This is done
by lines each of which is drawn through points of equal eleva-
tion above mean sea level, the vertical interval represented by
each space between lines being the same throughout each map.
These lines are called econfour lines or, more briefly, confours,
and the uniform vertical distance between each two contours is
called the contowr inferval. Contour lines and elevations are
printed in brown. The manner in which contour lines express
altitude, form, and grade is shown in figure 1.

Fiourg L—ldeal view and corresponding contour map.

The sketch represents a river valley between two hills, In
the foreground is the sea, with o bay that is partly closed by
a hooked sand bar. On each side of the wvalley iz a terrace.
The terrace on the right merges into a gentle hill slope; that
on the left is backed by a steep ascent to a cliff; or scarp, which
contrasts with the gradual slope away from its crest. In the
map each of these features is indicated, directly beneath its
position in the sketch, by coniour lines. The map does not
include the distant portion of the view. The following notes
may help to explain the use of contour lines:

1. A contour line represents a certain height above sea level.
In this illustration the contour interval is 50 feet: therefore
the contour lines are deawn at 50, 100, 150, and 200 feet, and
s0 on, above mean sea level. Along fhe contour at 250 feet lie
all points of the surface that are 250 feet above the sea—that is,
this contour would be the shore line if the sea were to rise 250
feet ; along the contour at 200 feet are all points that are 200
feet above the sea; and s0 on. In the space between any two
contours are all points whose elevations are above the lower
and below the higher contour. Thus the contour at 150 feet
falls just below the edge of the terrace, and that at 200 feet lies
above the terrace; therefore all points on the terrace are shown
to be more than 150 but less than 200 feet above the sea.
The summif of the higher hill is marked 670 (feet above sea
level); accordingly the contour at 650 feet surrounds it. In
this illustration all the contour lines are numbered, and those
for 250 and 500 feet are accentuated by being made heavier.
Usually it is not desirable to number all the contour lines.
The accentuating and numbering of certain of them—say every
fifth one—suflices and the heights of the others may be ascer-
tained by counting up or down from these.

2, Contour lines show or express the forms of slopes. As
contours are continuous horizontal lines, they wind smoothly
about smooth surfaces, recede into all reentrant angles of
ravines, and project in passing around spurs or prominences.
These relations of contour curves and angles to forms of the
landscape can be seen from the map and sketch.

3. Contour lines show the approximate grade of any slope.
The vertical interval between two contours is the same, whether

they lie along a cliff or on a gentle slope ; but to attain a given -

height on a gentle slope one must go farther than on a steep
slope, and therefore contours are far apart on gentle slopes
and near together on steep ones.

A small contour interval is necessary to express the relief of
a flat or gently undulating country; a steep or mountainous
country can, as a rule, be adequately represented on the same
scale by the use of a larger interval. The smallest interval
used on the atlas sheets of the Geological Burvey is 5 feet.
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This is in regions like the Mississippi Delta and the Dismal
Swamp. For great mountain masses, like those in Colorado,
the interval may be 250 feet and for less rugged country con-

" tour intervals of 10, 20, 25, 50, and 100 feet are used.

Drainage.—Watercourses are indicated by blue lines. Fora
perennial stream the line is unbroken, but for an intermittent
stream it is broken or dotted. Where a stream sinks and
reappears the probable underground course is shown by a
broken blue line. Lakes, marshes, and other bodies of water
are represented by appropriate conventional signs in blue.

Culture.—~The symbols for the works of man and all letter-
ing are printed in black.

Seales,—The area of the United States (exclusive of Alaska
and island possessions) is about 3,027,000 square miles. A
map of this arvea, drawn to the scale of 1 mile to the inch
would cover 3,027,000 square inches of paper and measure
about 240 by 180 feet. Each square mile of ground surface
would be represented by a square inch of map surface, and a
linear mile on the ground by a linear inch on the map. The
scale may be expressed also by a fraction, of which the numer-
ator is a length on the map and the denominator the corre-
gponding length in nature expressed in the same unit. Thus,
as there are 63,360 inches in a mile, the scale *“ 1 mile to the
inch” is expressed by the fraction gy

Three scales are used on the atlas sheets of the Geological
Survey; they are s, e, And. mm, corresponding approxi-
mately to 4 miles, 2 miles, and 1 mile on the ground to an
inch on the map. On the scale of iy a square inch of map
surtace represents about 1 square mile of earth surface; on the
seale of juy, about 4 square miles; and on the scale of w0,
about 16 square miles. At the bottom of+each atlas sheet the
scale is expressed in three ways—by a graduated line repre-
senting miles and parts of miles, by a similar line indicating
distance in the metric system, and by a fraction.

Atlas sheets and guadrangles—The map of the United States
is being publizshed in atlas sheets of convenient size, which
represent areas bounded by parallels and meridians. These
areas ave called quadrangles. Each sheet on the scale of w0
represents one square degree—that is, a degree of latitude by a
degree of longitude; each sheet on the scale of ' represents
one-fourth of a square degree, and each sheet on the secale ot
wiuy one-sixteenth of a square degree. The areas of the corre-
sponding quadrangles are about 4000, 1000, and 250 square
miles, though they vary with the latitude.

The atlas sheets, being only parts of one map of the United
States, are not limited by political boundary lines, such as
those of States, counties, and townships. Many of the maps
represent areas lying in two or even three States. To each
gheet, and to the quadrangle it represents, is given the name of
some well-known town or natural feature within its limits, and
at the sides and corners of each sheet are printed the names of
adjacent quadrangles, if the maps are published.

THE GEOLOGIC MAPS.

The maps representing the geology show, by colors and
conventional signs printed on the topographic base map, the
distribution of rock masses on the surface of the land and, by
means of structure sections, their underground relations, =o far
as known and in such detail as the scale permits.

KINDS OF ROCEKS.

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

Iyneous roeks—Rocks that have cooled and consolidated
from a state of fusion are known as igneous. Molten material
has from time to time been forced upward in fissures or chan-

_nels of various shapes and sizes through rocks of all ages to or

nearly to the surface. Rocks formed by the consolidation of
molten material, or magma, within these channels—that is,
below the surface—are called inérusive. Where the intrusive
rock occupies a fissure with approximately parallel walls it is
called a dike; where it fills a large and irregular conduit the
mass is termed a stock. Where molten magma traverses strat-
ified rocks it may be intruded along bedding planes; such
masses are called sills or sheets if comparatively thin, and laeco-
liths if they oceupy larger chambers produced by the pressure
of the magma. Where inclosed by rock molten material cools
slowly, with the result that intrusive rocks are generally of
erystalline texture.  Where the channels reach the surface
the molten material poured out through them is called lava,
and lavas often build up voleanic mountains. Igneous rocks
that have solidified at the surface are called extrusive or effusive.

Lavas generally cool more rapidly than intrusive rocks and
as a rule contain, especially in their superficial parts, more or

less voleanie glass, produced by rapid chilling. The outer parts
of lava flows also are usually porous, owing to the expansion of
the gases originally present in the magma. Explosive action,

“due to these gases, often accompanies voleanic eruptions,

causing L‘._iﬂl:-liﬂlls of dust, ash, lapilli, and larger fragments.
These materials, when consolidated, constitute breceias, agglom-
erates, and tuffs. .

Sedimentary roeks—Rocks composed of the transported
fragments or particles of  older rocks that have undergone
disintegration, of volcanic ejecta deposited in lakes and seas, or
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of materials deposited in such water bodies by chemical precipi-
tation are termed sedimentary.

The chief agent in the transportation of rock débris is water
in motion, including rain, streams, and the water of lakes and
of the sen. The materials are in large part carried as solid
particles, and the deposits are then said to be mechanical.
Such are gravel, sand, and elay, which are later consolidated
into conglomerate, sandstone, and shale. - Some of the mate-
rials are earried in solution, and deposits of these are called
organic if formed with the aid of life, or chemical if formed
without the aid of life. The more important rocks of chemical
and organic origin are limestone, chert, gypsum, salt, iron ore,
peat, lignite, and coal. Any one of the kinds of deposit named
may be separately formed, or the different materials may be
intermingled in many ways, producing a great variety of rocks.

Another transporting agent is air in motion, or wind, and a
third is ice in motion, or glaciers. The most characteristic of
the wind-borne or eolian deposits is loess, a fine-grained earth;
the most characteristic of glacial deposits is till, a heterogeneous
mixture of bowlders and pebbles with elay or sand.

Sedimentary rocks are usually made up of layers or beds
which can be easily separated. These layers. are called strafa,
and rocks deposited in such layers are said to he stratified.

The surface of the earth is not immovable; over wide regions
it very slowly rises or sinks, with reference to the sea, and
shore lines are tliereby changed. As a result of upward
movement marine sedimentary rocks may become part of the
land, and most of our land areas are in fact occupied by rocks
originally deposited as sediments in the sea. A

Rocks exposed at the surface of the land are acted on by air,
water, ice, animals, and plants, especially the low organisms
known as bacteria. They gradually disintegrate and the more
soluble parts are leached out, the less soluble material being
left as a residual layer. Water washes this material down
the slopes, and it is eventually carried by rivers to the ocean or
other bodies of water. Usually its jonrney is not continuous,
but it is temporarily built into river bars and flood plains,
where it forms alluvium. Alluvial deposits, glacial deposits
(collectively known as driff), and eglian deposits belong to
the surficial class, and the residual layer is commonly included
with them. Their upper parts, occupied by the roots of
plants, constitute soils and subsoils, the soils being usually
distinguished by a notable admixture of organic matter.

Metamorphie rocks.—In the course of time, and by various
processes, rocks may become greatly changed in composition
and in texture. If the new characteristics are more pro-
nounced than the old such rocks are called metamorphic. In
the process of metamorphism the constituents of a chemical
rock may enter into new combinations dnd certain substances
may be lost or new ones added. A complete gradation from
the primary to the metamorphic form may exist within a
single rock mass. Such changes transform sandstone into
quartzite and limestone into marble and modify other rocks
in various ways.

From time to time during geologic ages rocks that have
been deeply buried and have been subjected to enormous
pressures, to glow movement, and to igneous intrusion have
been afterward raised and later exposed by erosion. In such
rocks the original structures may have been lost entirely and
new ones substituted. A system of planes of division, along
which the rock splits most readily, may have been developed.
This structure is called eleavage and may cross the original
bedding planes at any angle. The rocks characterized by it
are slafes. Crystals of niica or other minerals may have ;.{r«:;-wn
in the rock in such a way as to produce a laminated or foliated
structure known as schistosily. The rocks characterized by this
structure are schists.

As a rule, the oldest rocks are most altered and the younger
formations have escaped metamorphism, but to this rule there
are many important exceptions, especially in regions of igneous
activity and complex structure.

FORMATIONS,

For purposes of geologic mapping rocks of all the kinds
above described are divided into formations. A sedimentary
formation contains between its upper and lower limits either
rocks of uniform character or rocks more or less uniformly
varied in character, as, for example, an alternation of shale ;m;l
limestone. Where the passage from one kind of rocks to
another is gradual it may be necessary to separate two contigu-
ons formations by an arbitrary line, and in some cases the
distinetion depends almost entirely on the contained fossils.
An igneous formation contains one or more bodies of one kind,
of similar occurrence, or of like origin. A metamorphie for-
mation may congist of rock of uniform character or of several
rocks having common characteristics or origin.

When for scientific or ecomomic reasons it is desirable to
recognize and map one or more specially developed parts of a
varied formation, such parts are called members, or by <ome
other appropriate term, as lenfils.

AGES OF ROCKS.

Geologic time.—The time during which rocks were made is
divided into periods. Smaller time divisions are called epochs,
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By F. Bascom, N. H. Darton, H. I3, Kﬁmnwl, W. B. Clark, B. L. Miller, and R. I). Salisbury.

INTRODUCTION.
By F. Hagcos.

LOCATION AND AREA.

The Trenton quadrangle, described in this folio, lies between
40° and 40° 30" north latitude and 74° 30" and 75% west longitude.
This is one-fourth of a square degree and is equivalent in this
latitude to approximately 911.94 square miles or about 54.50
miles from north to south and 26.43 miles from east to west.
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FrauvrEg 1,—SkKketeh map of the vicinity of the Trenton quadrangle.

The dark shaded area repreésents the Trenton quadcangle.  Pablished folios are ns follows:
Ko T Washington ; 5, New York City; 357, Dover; 158, Fatnxent i 157, Pasaaio; 161, Frank-
lin Furnace; 104, Philadelphia.

It lies in two States, New Jersey and Pennsylvania, and
embraces in whole or in part nine counties, Hunterdon, "m:mmr-
set, Mercer, Middlesex, Monmouth, Ocean, and Burlington
uuunu{m in New Jersey ; Bucks and Philadelphia counties in
Pennsylvania. (See fig. 1.) The population of this area does
not exceed 150,000,

GENERAL GEOGRAPMHY AND GEOLOGY,

The Atlantic border region, of which the Trenton quadrangle
is u part, embraces two distinet physiographie provinces—a
mountain and }11:11{3}!11 district and a coastal |rl:1in. The Trenton
quadrangle comprises portions of the plateau and of the plain
provinces, each of which is characterized by special topographie
features which record the physiographic history of the provinee,

The first of these is known as the Appalachian Province
and is separable into three geographic divisions which extend
thronghout its length. The Appalachian (formerly called
Allegheny and Cumberland) Platean forms the western divi-
gion; the Greater Appalachian Valley, comprising a group of
valleys and ridges, constitutes the central division; and the
Appalachian Mountains, which border the Greater Valley, and
the group of plateaus stretching away to the east in the vast
upland known as the Piedmont Platean, formn the eastern
division. A portion only of this eastern division forms a part
of the Trenton quadrangle.

. PIEDMONT PLATEAU.
GHROGRATIY.

The Piedmont Plateau owes its name to its location at the
southeastern foot of the Appalachian Mountaing. Curving
parallel to the Atlantic coast line, and extending northeast until
it merges into the New England Platean and southwest to
Alabama, it possesses a mean 1.1.1&[]1 of 60 miles and a maximum
width in the ecentral portion of 120 miles.
Mountains, which form its northwest border, althongh more or
less distinet from it topographically, are united with it in one
physiographic division, beeanse they have had essentially the
same geologic and physiographic history.

To the south these mountains are chiefly represented 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. To the north the Blue
Ridge is continued in South, Neversink, Lehigh, and Mus-

I ili_' "LII'J-II:I{'III-I 11

conetcong mountaing of Pennsylvania and in the Highlands of

New Jersey and New York.

Physiographically, the boundary between the Appalachian
Mountains and Piedmont Plateau is not a sharply defined line,
but is crossed by physiographic features possessing similar and

contemporaneous origins. Although topographically there is
usually @ more or less abrupt passage from a trenched upland
to an area of level-topped mountain ridges, geologically there is
no transition, the same geologie formations and structures
appearing in both Mountains and Platean.

On the east the Plateau is separated from the margin of the
continental shelf by a belt of coastal province 250 miles in
width. The greater part of this is under water in the region
The land portion, which iz ealled the coastal plain,
dips gently eastward under the sea; it increases greatly in width
toward the south.

The boundary between Plateau and Plain is defined by a

disenzsed,

well-marked change in the topographic features and geologic
formations. Topographically, the change consists generally in
an abrupt transzition from a diversified upland to a relatively
undiversified lowland ; and geologically in a transition from
consolidated and for the most part erystalline rock to uneon-
solidated eclays, sands, and gravels of more recent age. The
Coastal Plain formations, however, always overlap the eastern
margin of the Platean and in some distriets are found far inland
and somewhat obseure the passige from Platean to Plain.

The margin of the Plateau is also indicated by a change in
the character of the streams which pass from Platean to Plain.
J.II'I_'L} 'I]H";-iil'-"l" I_S :II“-'-I-I\'E {"Il I'['fli‘tLll?'I_'fl 'I:P'U an -I-Ill'lrl.lpt llt’{‘l'l."'l“‘“" II]
stream velocity, and is so frequently marked by falls or rapids
that the hmmdnn has been called the “#all line.” This term,
however, is mi]zuimll}' deseriptive of the boundary, which is
actually a zone of appreciable width. Fast of it navigable
atreams lead to tidal estuaries affording good shipping facilities;
westward they cease to be navigable .Lmt oceupy narrow, tortu-
ous chunnels. 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 loeation and furnish
power for factories—it lies congiderably above the tide 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 throngh New York, Trenton, Phila-
delphia, Wilmington, Baltimore, Washington, Frederickshurg,
Richmond, Petersburg, Raleigh, Columbia, Augusta, and
Macon marks in a general way the passage from Plateau to
Plain.

While the Platean exhibits diversity of scenery, there are
certain general features common to the entire region which
make it a topographic unit. The provinee is, in brief, a sloping
upland of moderate elevation, dissected by relatively shallow
open valleys that usually become more rugged and narrow on
the eastern horder, and diversified by isolated eminences that
rise above the general level. The vallevs have been formed
by recent stream cutting since the Plateau peneplain was
earved. If they were filled in, the upland would be converted
into an elevated plain, or plateau, sloping east and southeast
toward the Atlantie, or =outh toward the Gulf of Mexico. The
isolated eminences are remnants left unreduced by the erosion
which produced the peneplain, now a plateau.

On the New England Platean Mount Monadnock, a typieal
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, with a few monadnocks rising
a little above that height, and ov its eastern margin a range
from sea level to an altitude of about GO feet.
vania upland descends from an altitude of 900 feet to an
avernge elevation of 200 feet in the neighborhood of Philadel-
phia, the monadnocks, Long Hill, Gibraltar Hill, and other
similar prominences, vising 100 to 200 feet above the surface.
In Maryland the western edge of the upland reaches an
altitude of 700 feet and slopes to an eastern margin 300
feet above tide level, in the vicinity of Baltimore; Rocky
Ridge and State Ridge are monadnocks on this upland. In
Virginia, North and South Carolina, and Georgia, the Platean
slopes southeastward and southward from summits 500 to 1500
feet in height along its western border to an eastern margin
having an altitude of 300 to 500 feet. Southwest, Brushy,
South, and many other mountains rise as monadnocks.

The plane surface which, sloping gradually from western
border to eastern margin, forms the Platean, does not owe its
even contour to the underlying rock formations, for they
possess highly complex stroctures.
have cut into the platean, converting it into a diversified
upland, maintain courses which are quite independent of the
structure and character of the rock floor.

The Pennsyl-

The larger streams, which
= !

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 complexity of rock strue-
ture are finding expression. The general trend of the high-
lands, which is northeast and southwest in harmony with tlli‘-‘
strike of the underlying rocks, does not accord with the main
drainage lines of the Plateau, but with the courses of the sub-
sequent streams. The main streams of the Platean, rising
either in the Appalachian Mountaing or on the inland border
of the Piedmont district, pursue courses consequent upon the
slope of the upland, that is, 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,
Susquehanna, and Potomac are examples of such master stremns
“‘}]i('l] ]'lﬂ‘l.'{’. l{’_"-'li“l.'{’.l_] rug;_;m[ \'II].!I":.'E i" tll!\_.‘ I]]Eltl_"‘-'lll transverse to
the strike of the rock formations.

South of an east and 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 an absence of rock
ledges. North of this line the rock mantle is glacial drift, the
depth of which varies where it is present from a fraction of an
inch to 200 feet. Rock ledges become an increasingly promi-
nent feature toward the north, and contours are controlled not
by stream work alone, but by ice erosion and deposition.

The discordance of underground structure with the level
contour of the Platean, the presence of residual eminences, the
flatly convex valleys, the nonadjustment of the master streams
to the rock formations, the deep rock mantle and absence of
rock ledges, all have their explanation in the history of the
Platean, which will be outlined under the heading “Physio-
graphie record,” page 20.

GEOLOGY.

The rocks of the Piedmont Plateau inelude both highly
metamorphosed  crystalline material and unmetamorphosed
fragmental material. The oldest formation is presumably of
ieneous origing that is, it conzolidated from a molten condition.
Since consolidation it has been subjected to pressure and meta-
morphism, which have given it a banded structure. Such rocks
are composed chiefly of quartz and feldspar and are known as
gneisses.  In the Pennsylvania Piedmont this material is part
of a composite formation known as the Baltimore gneiss.

The later formations are chiefly of sedimentary origin; that
ig, the materials of which they are composed were accumulated
beneath the sea, consolidated by pressure and cementing mate-
rials, and subsequently uplifted with or without folding. These
facts are indieated by their constitution, their structure, and
their mutual relations. They include some of the oldest mate-
rials 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
developed from them a hard, erystalline, finely banded gneiss
composed largely of gquartz .m:i teldspar, and a mica gneiss with
interbedded miea schist facies.  These gneiszes have been
differently named in different parts of the Platean. In the
Pennsylvania Piedmont the quartz-feldspar gneiss is intimately
assnciated with a massive gneiss and forms with it the Baltimore
oneiss; the mica gneiss is known as the Wissahickon.

The pre-Cambrian crustal movements which metamorphosed
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 Hw. opening of Paleozoic time arenaceous, arenaceous-
argilluceons, caleareons, and argillaceons sediments were sue-
cessively deposited upon these gneisses. This deposition,
taking place in Cambrian and Ordovician time, extended over
a considerable part but not all of the Piedmont region.

The intense folding, faulting, and accompanying metamor-
phism to which these sediments were subjected before the close
of Paleozoic time converted the arenaceous materials into
quartzite, the arenaceons-argillaceous sediments into interbedded
guartzites and mica schists, the ealeareous material into marble
and caleareous schists, and the argillaceous material into slates
and micaceous schists, These formations, which are widespread
though mnot continnovs throughout the Piedmont helt, are
respectively designated in the Pennsylvania Piedmont the
Chickies quartzite, the Shenandoah llmes,lone, and the Octoraro



schist. These erystallized sediments and the associated igneons
intrusions constitute the foundation of the Piedmont Plateau,
but are uncovered only in detached belts trending northeast
and southwest. They have been folded in synclinoria and
anticlinoria made up of compressed anticlines and synelines
with dominant isoclinal southeast dips and a steep southeast
cleavage dip, and have further suffered thrust faulting. These
geologic formations and structures are not confined to the
Plateau, but also appear in the Appalachian Mountaing, into
which the Plateau merges on the west without geologic change,
the Mountains and Platean forming a geologie unit.

Upon the central and northeastern portions of this eroded
crystalline floor there aceumulated, in a shallow inland estonary,
coarse and fine ripple-marked sands and sun-eracked mud
which in places shows 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
consolidation and uplifting of these sediments took place
without metamorphism. The uplift was accompanied by
abundant normal faulting and tilting sufficient only to produce
gentle northwest dips. These formations, wherever they occur
on the Piedmont Platean, possess a very uniform constitution
and character and are known in Pennsylvania and New Jersey,
where they cover a large part of the Platean, as the Stockton
and Lockatong formations and the Brunswick shale. The
contemporaneous igneous material, ocenrring in the form of
lava Hlows, sills, and dikes, is diabase and basalt. This rock
resists erosion and forms bold ridges whose level tops are
a part of the Piedmont slope or whose summits rise as monad-
nocks above the plain, Such eminences are the Palisades in
New York and New Jersey, First, Second, and Sourland
mountains in New Jersey, and Haycock Mountain, Rock, Long,
Gibraltar, and many other lesser hills in Pennsylvania.

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

COASTAL PROVINCE,
By F, Bascow and B L. MiLLer.

GEOGRAPHY,

The Coastal Province forms the eastern margin of the North
American continental plateaun and is, in geologic and geo-
graphic features, essentially unlike the Piedmont Platean. Its
western limit coincides with the eastern boundary of the
Piedmont Plateau and has already been characterized as the
“fall line.”  Kastward its limits are defined by the steep slopes
at the margin of the continental shelf, which form an escarp-
ment varying 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, but in common practice the 100-fathom line
is regarded as the boundary of the continental shelf. The
descent from that line to greater ocean depths is very rapid;
off Cape Hatteras the bottom falls away to 9000 feet within
15 miles, a grade as steep as that found on the flanks of the
greater mountain systems. In striking contrast to this is the
conparatively flat ocean bottom stretching away to the east
with but few and slight ivregularities.

Seen from its base the escarpment forming the edge of the
continental shelf would have the appearance of a high moun-
tain range with an even sky line, broken here and there by
notehes produced by streams which at some time flowed across
the shelf.

The Atlantie Coastal Provinee is divided into two parts by
the present shore line—(1) a submarine portion known as
the continental shelf and (2) a subaerial portion known as the
Coastal Plain.  In some places the dividing line is marked by
a low sea cliff, but more commonly the two districts grade into
each other without perceptible topographic change, separated
only by the shore line.

Their relative areas have been fre-
quently altered in past geologic time by a shifting of the
ghore line eastward or westward, owing to local or to general
depressions or uplifis.  Buch changes are still in progress.
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, extend-
ing uninterruptedly to the edge of the shelf, over 100 miles east
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of the present mouth of the river. The same facts have been
observed for Chesapeake Bay, the continnation of the Susque-
hanna channel.

The combined width of the submarine and subaerial portions
of the Coastal Provinee is uniform along the entire eastern
border of the continent and is approximately 250 miles. In
the zouth the subaerial portion expands to 150 miles, while the
submarine portion dwindles in width and along the eastern
border of Florida almost disappears. Northward the sub-
marine portion increases in width, while the subaerial portion
diminishes, disappearing north of Massachusetts through the
submergence of the entire Coastal Plain Province. Off New-
foundland this submarine provinee is about 300 miles in width.

From the fall line the Coastal Plain, or subaerial portion,
has a gentle slope to the southeast, generally not over 5 feet
to the mile, except in the vicinity of the Piedmont Plateau,
where the slope is locally as great as 10 to 15 feet to the
mile. The submarine portion, or continental shelf, is even
more monotonounsly flat, as marine erosion and submarine
deposition have smoothed out the irregularities due to earlier
subaerial erosion. The continental shelf bears the sand bars
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 in few
places reaches 400 feet and is as a rule less than half that
amount, has prevented the streams from cutting valleys of any
considerable depth. Throughout the greater portion of the
]Jhﬁn, 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 iz largely simple, most of the
streams being consequent on the uplift of the plain from
the sea and lying wholly within the Coastal Plain. The master
streams may be the extenzion of streams which rize in the
Piedmont or Appalachian districts and are therefore complex.

Conspicuous features of the plain are its numerous bays and
estuaries and the marshes bordering the stream courses. All
of these features represent submerged valleys carved during a
time when the province stood at a higher level than the present.
Chesapeake Bay, the old valley of the Susquehanna, and Dela-
ware DBay, the extended valley of the Delaware, together with
such tributary streams as Patuxent, Potomae, York, and James
rivers, are chief among similar bays and estuaries. Some of
the streams which have their sources in the Appalachian or
Piedmont provinces are turned at the fall line in a direction
roughly parallel to the strike of the formation or the old coast
line. The Delaware is a conspicuous illustration of such a
deviation. Otherwise the structure of the geologic formations
and the character of the materials have had but slight effect
upon stream development exeept loeally.

GEOLOGY.

The structure of the Coastal Plain is extremely simple.
Upon a floor of erystalline and fragmental rocks, the continua-
tion of the Piedmont Platean, rest overlapping beds possessing
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, for the most part unconsolidated,
though locally indurated. Their total thickness varies from a
maximum of 50 feet in the neighborhood of the fall line to
2246 feet at the coast line (at Fort Monroe, Va.).

In age the formations range from Jurassic to Recent. Sinece
the deposition of the oldest formation there have been many
periods of deposition alternating with erosion intervals. The
sea advanced and retreated differently in different parts of the
provinee so that few formations can be continuously traced
through the entire Coastal Plain. Unlike conditions thus
prevailed synchronously in distinet portions of the distriet and
produced great diversity in the character and thickness of the
deposits of a single period. A full representation of the suc-
cessive stages may be found within the Coastal Plain, but may
not be seen in any one section. Their general character and
the distinctive terms applied to them have been given in the
discussion of the geology of the Piedmont Plateau.

TOPOGRAPHY .
By F. Basooor.

EELIEF.

The Trenton quadrangle lies about equally in the Piedmont
Platean and the Coastal Plain. The eastern margin of the
Piedmont Platean iz characterized by a low escarpment, the
base of which is marked by the 20-foot contour line, The
Pennsylvania Railroad tracks follow tolerably close to the base
of this escarpment, departing from it only in the neighborhood
of Bristol. The top of the escarpment is the level of the 60-foot
contour, Between this and the 80-foot contour line there is a
second faint escarpment that extends nearly parallel to the
first scarp, from which it is separated by a terrace in general
not more than half a mile in width. To the northwest the
level of the second terrace is maintained with a slight upward
slope until the base of a third and steeper escarpment is reached
some 3% miles northwest of the first terrace, This escarpment,
like the first, is the continnation of one at the same level which

crosses the adjacent portion of the Germantown quadrangle.
Its hase is defined by the 120-foot contour and its summit by
the 200-foot contour line. It is a well-marked and persistent
topographic feature from the western edge of the quadrangle to
Langhorne, which is located upon its summit and overlooks
the low and smooth plain separating it from the Delaware
basin. East of Langhorne the scarp is more or less broken by
the tributaries of the Neshaminy and its summit is reduced to
180 feet. At 2} miles west of Trenton it turns abruptly north
and reaches the Delaware at Yardley. A still higher terrace,
the dissected remnants of which extend several miles to the
south and southeast, is defined by the 180-foot contour line in
the vicinity of Newtown. This terrace is apparently to be
correlated with the high terrace extending southwestward from
Somerton to Swarthmore in the Philadelphia district.

North of these escarpments the plateau gradually ascends to
a height of 540 feet. This slope is interrupted by eminences
trending northeast and southwest which rise above the general
level of the platean. Such eminences are Rocky Hill, Mount
Rose, Sourland and Jericho mountains, and Goat Hill. All
these monadnocks are composed of more resistant material than
that which characterizes the platean.

In contrast with the Piedmont Plateau, that portion of the
Coastal Plain included within the Trenton quadrangle is a
region of low relief. The highest altitudes reached are 230 feet
at Arney Mount, on the southern border of the quadrangle, 234
feet at Stony Hill, and 248 feet near Imlaystown, on the eastern
I]HI‘"I!I"]' I’JJI lll!‘ 11l|E|1I]'€1!]gI['. Th(‘.‘if‘. hE'ig]IEH l*l_"]:l'l'l.'ﬁl_‘llt iﬁU!Elt[‘{]
eminences rising abraptly above the general level of a plain
which does not exceed 100 feet in altitude.

The surface inclination of the Coastal Plain of the Trenton
district is toward Delaware River, into which the drainage of
the plain empties in the southern half of the distriet, and
toward Millstone River and Lawrence Brook in the northern
half. In the southern half the plain rises from 10 feet at the
Delaware to 150 and 160 feet in the extreme east. To the
north it rises from 80 to 90 feet at the fall line to a little over
100 feet in the east.

Bordering the Delaware below Trenton there is in general a
terrace rising from the river to a maximum height of GO feet.
Between Kinkora and Bordentown the river has so encroached
upon this terrace as to_produce a steep bluff rising from the
water's edge.  Above DBordentown this bluff' recedes a mile
from the river and iz bordered by a lower terrace—the modern
flood plain. The inner margin of the 60-foot terrace is in
general marked by a gentle and obscure escarpment, beyond
which a gently undulating plain with elevations ranging from
80 to 120 feet stretches eastward for several miles. It is termi-
nated by a second escarpment, irregular in outline but more
digtinetly marked than the first.

This second escarpment forms an irregular ridge or series of
hills ranging from 190 to 248 feet in elevation and extending
northeastward from Fountain Green to Imlaystown. 1t was
formerly continuous with the higher land still farther east,
beyond this quadrangle, which forms the divide between the
Atlantic and the Delaware drainage. In the southeast corner
of the quadrangle it has been dissected and reduced to a roll-
ing plain by the headwater erosion of the tributaries of Cross-
wicks Creek. Mount Holly, Arney Mount, Juliustown Mount,
and a hill 2 miles north of Juliustown are island-like outliers
of this higher land that rise sharply above the level of the 100
to 120 foot plain.

Undercutting is going on locally on the margin of the first
terrace; the underlying beds, containing little if any of the
iron stone conglomerate of the overlying gravels, are more
readily worn away, and this terrace is therefore being slowly
cut back.

A characteristic feature of the dissection of the Coastal Plain
is the relatively greater steepness of the slopes on the southern
banks of the streams compared with that of the northern banks.
This feature may be seen wherever erosion has been deep
enough to produce well-defined valleys, as on Doctors Creek,
Crosswicks Creek, Blacks Creek, and Bacons Run.  An expla-
nation of this phenomenon is not to be found in the dip of the
underlying formations, for this is not transverse to the streams;
nor in deflection due to rotation of the earth, for deflection from
this cause would, by turning the stream against the right bank,
tend to steepen the southwest slopes. The conditions may be
due to the fact that weathering is stimulated on the southwest
slopes, which are more exposed to the action of the sun than
are the northeast slopcs. The rapid melting of trost and snow
and the consequent alternate freezing and thawing which take
place wear down the easily eroded Cretaceous material more
rapidly on the northern bank with its southern exposure than
on the southern bank, where the materials may remain contin-
nously frozen during the greater part of the winter season.
This differential weathering would be effective in producing
observable results only in such easily transported materials as
the unconsolidated sands and marls of the Cretaceous, and
would not be operative to anything like the same degree in
the erystalline formations of the Piedmont Plateau; the valley
slopes of the plateau, consequently, show no similar disparity.



DEAINAGE,

Delaware and Raritan rivers receive all the drainage of the
Trenton quadrangle. Neshanie and Millstone rivers, draining
the northeastern portion of the quadrangle, are tributary to
the Raritan, which lies north of the district and empties into
Raritan Bay at Perth. Neshanie River with its tributary Back
Brook drains about 55 square miles of the Trenton quadrangle.
This area lies between Sourland Mountain and the highlands
in the northern portion of the gquadrangle, and possesses a dis-
tinetly basin-like character with low, flat divides; less than 6
per cent of it is forested.

East of the Neshanic basin is the drainage area of Millstone
River. This river, which drains the northeastern third of the
quadrangle, gathering tributaries from both Coastal Plain and
Piedmont Plateau, is one of the important tributaries of the
Raritan. Its basin embraces 285.7 square miles, of which only
9 per cent is forested. The main stream is 35 miles long, and
the sources of the east and west tributaries arve 30 miles apart.
Its fall from the junction of Stony Brook to its mouth, 17
miles, is only a little more than 20 feet. It ecarries therefore
only fine sediment, which it spreads upon a narrow flood plain.

The tributaries of the Millstone from the Coastal Plain
exhibit shallow, open valleys of low gradient, partly filled with
marsh land utilized for the culture of cranberries, and low, flat
divides, both of which are the characteristic features of Coastal
Plain streams. Stony Brook, the chief tributary from the
Piedmont Platean, with a drainage area of 64.8 square miles, is
of a very different character. IFrom its source near Buttonwood
Corners in Sourland Mountain to its junction with the

Millstone, a distance of approximately 22 miles, it has a fall of

445 feet. Through a large portion of this distance it flows in
a gorge 100 to 160 feet in depth, and the divides between it
and Beden Brook, a similar tributary to the Millstone, possess
altitudes of 400, 450, and 504 feet. For the greater part
of its course it pursues a southerly direction, just opposite to
that taken by the Millstone, but 4 miles south of the Millstone
it makes an abrupt turn and flows northeastward into that
stream. This peculiar course is due to stream piracy. At one
time Stony Brook, as a tributary to Assanpink Creek, emptied
into the Delaware. The old valley once occupied by Stony
Brook now forms a low divide between Stony Brook and
Shipetaukin Creek. A tributary to Millstone River working
southeast to Port Mercer captured Stony Brook at that point and
turned its waters into the Millstone. This tributary must owe
its ability to cut below the level of Stony Brook at Port Mercer
to the fact that its channel lies in consolidated material which
it is able to corrade, keeping a clear channel and carrying tools
for corrasion supplied to it by the bed rock. The Assanpink,
on the other hand, flowing over unconsolidated materials, is
choked by sand and unable to corrade, as its shallow, flat
channel testifies. Only 8 per cent of the Stony Brook basin
is forested. (New Jersey Geol. Survey, vol. 3, pp. 51-58.)

Delaware River, which receives two-thirds of the drainage of
the district, has a total length of 410 miles, of which only
about 44 miles is included in the Trenton distriet. It is
navigable by ocean steamers to Philadelphia, and by other
eraft to Trenton, where it has a mean low-water depth of 5 feet;
it is tidal to this point, 130 miles above the Delaware capes.
The area drained by the Delaware and its tributaries is 12,012
square miles; it is estimated by the New Jersey Survey that 45
per cent of the whole State is contained in the Delaware basin.
As a source of water supply and water power the Delaware is
therefore of great importance to New Jersey.

On the Piedmont Platean the Delaware pursues the usual
southwesterly course consequent upon the slope of the plateau
and independent of the character of the underlying formations,
On the Coastal Plain it makes a bend remarkable for its
abruptness and flows at a right angle to its former course,
parallel to the strike of the Coastal Plain formations and in a
former estuarine basin.

The tributaries of the Delaware in the Trenton district on
the New Jersey side are Wickecheoke, Alexauken, Moore,
Fiddler, Jacobs, Assanpink, Crosswicks, Blacks, Assiscunk, and
Rancocas creeks.  Of these the more important are the Wicke-
cheoke, Assanpink, Crosswicks, Assiscunk, and Rancoeas.

Wickecheoke Creek, in the northwest corner of the quadran-
ele, has a drainage area of 269 square miles, with headwaters
draining a comparatively wooded district. It has a fall of 560
feet from source to mouth, and has eut gorgelike valleys in the
hard sandstone of the Lockatong formation. Its high, flat, and
badly drained divides, locally known as “the swamp,” form
the plnteuu]uud of Hunterdon County.

Assanpink Creek, rising 17 miles to the east in Monmouth
County and emptying into the Delaware at Trenton, has a
drainage area of 89.6 square miles, distributed between the
Coastal Plain (62.6), where the stream and its tributaries flow
over unconsolidated materials, and the Piedmont Plateau (27),
where its tributaries flow over sandstones. The 70 per cent
contained in the Coastal Plain is low and is characterized by
considerable marsh aveas, while the valleys are open and shallow
and the streams muddy.

Trenton,
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The headwaters of Crosswicks Creek are not more than 10
miles southeast of its mouth at Bordentown, but the stream
first flows to the south and east away from the Delaware,
draining a large area (139.2 square miles), which is entirely
included in the Coastal Plain. The headwaters of its tribu-
taries are in flat, marshy country, but for the last 12 miles of its
course the Crosswicks flows in a valley 40 to 60 feet deep and
in places not more than one-fourth mile wide. It is navigable
to Groveville and might be made a valuable source of water
supply and water power.

Assiscunk Creek, which empties into the Delaware at Bur-
lington, draing a much smaller avea. Its basin, which 1is
almost entirely included within the marl region, is low, flat,
and badly drained ; its waters are muddy, as the name signifies;
and it is not valuable as a source of water supply, though it
possesses much undeveloped water power.

Rancoeas Creek is the chief tributary to the Delaware in this
district, but of its total drainage area, 301.4 miles, only a
small fraction is embraced in the quadrangle. It is tidal to
Mount Holly on the North Branch and to Lumberton on the
South Branch, about 10} miles from its mouth, and is naviga-
ble to Centerton, where the North and South branches unite,
64 miles from the Delaware. Its headwaters drain cedar
swamps, which impart to them a brown tint and an aromatie
flavor. Tts lower courses are bordered by tide-water marshes,
from which considerable areas have been reclaimed and
cultivated.

The tributaries to the Delaware in the Trenton district on
the Pennsylvania or west side are Pideock, Brock, Common,
Mill, Neshaminy, and Poquessing creeks. Of these the
Neshaminy is the chief, possessing a drainage area of a little
more than 139.3 square miles, a length of 27 miles, and a fall
of GO0 feet from source to mouth. This gradient gives the
stream good corrasive power and it has cut a valley in the
hard rocks of the plateau 160 feet deep, with a width of not
more than three-eighths of a mile.

Because of the reduction of ground storage comsequent on
the sacrifice of forests to agricultural interests, the Neshaminy
is subject to seasonal freshets, when its volume and velocity
may be increased many times.  Woods now exist in the drain-
age areas of the Neshaminy and other creeks only on steep
slopes and bottom lands bordering the streams. The propor-
tion of woodland and enltivated land on the Neshaminy has
been estimated by John E. Codman to be as follows: Woodland,
6 per cent; cultivated land, 92 per cent; roads, 2 per cent;
flats, one-half of 1 per cent. Under such conditions spring
ainfall is not retained by ground storage. The run-off’ is rela-
tively large, carrying a great amount of surface goil with it,
and the main stream beeomes torrential and transports a heavy
load of fine sediment. The yellow color of the water after
heavy rains, due to the large amount of finely divided material
in suspension, is a characteristic feature of streams of this area.

The conditions which diminish ground storage also accel-
erate evaporation during the summer months and thus in
another way augment seasonal fluctuation in stream flow.  The
soil exposed to the sun is parched and cracked by evaporation,
and the level of ground water falls below the surface springs
and the upper courses of the tributaries. The springs dry
up and the streams are reduced.

For these reasons and because of plant absorption in the
summer months, stream flow on the Neshaminy and other
strenms in this area most nearly equals the rainfall on its
basin from December to May, and is lowest in proportion to
rainfall from June to October.

DESCRIPTIVE GEOLOGY.
PIEDMONT PLATEAU AREA,

PRE-TRIASSIC METAMORPHIC ROCKS.
By F. Bascos,

GENERAL STATEMENT.

The erystalline formations of the Piedmont Plateau through-
out most of the Trenton quadrangle are concealed beneath a
cover on the southeast of Cretaceons, Tertiary, and Quaternary
clays, marls, sands, and gravels, and on the northwest of
Triassic sandstone and shale. They are uncovered in a belt
anging from 4 miles to 1 mile in width and extending from
the southwestern edge of the quadrangle northeast to Trenton.
On the northeastern outskirts of this city the crystallines dis-
appear beneath the Triassic and Quaternary formations, and
are not again exposed within the Trenton quadrangle, except
at a point 2 miles northwest of New Hope on Delaware River,
where a fault movement has brought them up and erosion of
the Triassic rocks has left them exposed in a triangular area.

The erystallines of the Trenton quadrangle are a continuation
of the Philadelphia belt of crystallines that extends southwest
into Maryland, the District of Columbia, and Virginia. The
formations of this belt may be correlated with those which have
heen described in New England and New York, although not
stratigraphically continuous at the surface with these formations.

In southwestern New England the sedimentary series has
been determined as follows :

Ordovician___ ... Berkshire schist.
Cambro-Ordovician______ Stockbridge limestomne.

Cambrian Cheshire gquartzite.
Pre-Cambrian____________Stamford, Becket, and other gneisses,

The New York belt furnishes the following suceession :

Ordovieinsn .. Hudszon gchist.
Cambro=-Ordovician Stockbridge limestone.
Cambrian________________ Poughguag quartzite.
Pre-Cambrian Fordham gneiss,

In Pennsylvania the sedimentary sunceession has been
described as follows:
Ordovieian _Detorare schist.,
Cambro-Ordovician Shenandoah limestone,
Cambrian_____. e Chickies quartzite.

Pre-Cambrian - Wizsnhickon mica gneiss,
Baltimore gneiss.

In Maryland the following series has been provisionally
determined :

- Peach Bottom slate.

Cardifl guartz conglomerate,
Mieca sehist or phyllite.
Cambro-Ordovieian______ Cockeysville marble,
Cambrian. --Betters quartzite.
Pre-Cambrian —eeeo--Baltimore gneiss,

Ordovieinn________.

In the District of Columbia the limestone and quartzite do
not appear. The pre-Cambrian mica schist and mica gneiss
have been combined under the term Carolina gneiss.

The metamorphic sedimentary formations of the Trenton
district are as follows :

Cambro-Ordovician______SBhenandoah limestone,
Combrian _-Chickies quartzite,
Pre-Cambrian e Franklin limestone,

Wissahickon mica gneiss,
Baltimore gneiss.

Into the pre-Cambrian members of this series have been
injected great masses, sheets, and smaller bodies of igneous
material—granite, gabbro, pyroxenite, and peridotite.

The trend of both sedimentary and igneous formations is
northeast and southwest,

SEDIMENTARY ROCKS.
PRE-CAMBRIAN ROCKS.

BALTIMORE GNEISS.

Distribution.—The Baltimore gneiss appears in a belt extend-
ing from the western border of the quadrangle to Trenton and
lying northwest of the Wissahickon mica gneiss, from which it
ig separated by a narrow belt of quartzite. Possessing in the
southwest a width of 2 miles, the gneiss narrows at Trenton to
less than half that width. It is injected by an intrusive gabbro
and passes to the northwest under a Triassic cover, and to the
northeast is partly concealed by Quaternary deposits.

Character and stratigraphic velations—The Baltimore gneiss
is a medium-grained, thoroughly erystalline ageregate of quartz,
feldspar, and biotite, and may be either quite massive or char-
acterized by pronounced banding. Within the Trenton quad-
rangle the gneissic type is relatively more important. The
finely gneissic character of the rock is due to the alternation of
layers of biotite with quartz or quartz feldspar.  Biotite occurs
in minute plates, but is nowhere developed in such dimen-
sions or in such excess as to render the formation schistose.
Associated with the biotitic layers are hornblende, epidote,
titanite, garnet, and rounded apatite and zrcon crystals. The
feldspar is microcline, orthoclase, and acidic plagioclase of
about the composition of oligoclase and more or less completely
altered to zoisite. Much graphite oceurs, disseminated in
pegmatitic material and in beds parallel to the gneissic strue-
ture, and has been mined in several localities in the Trenton
quadrangle. One abandoned graphite mine exists at Trevose,
and another lies three-fourths mile east of Langhorne on prop-
erty belonging to Mr. Gross, where three generations ago an
attempt was made to mine graphite. One-half mile north of
Langhorne, where the Pennsylvania Railroad tracks cut through
the gneiss, graphite occurs disseminated in minute plates. In
Chester County, southeast of Phoenixville, graphite in this
formation has been mined to a considerable extent.

The more granitic facies is only sporadically exposed.
Where the Trenton branch of the Pennsylvania Railroad cuts
through the rock formation, 3 miles west of Langhorne, this
type is shown in contact with gabbro which is intrusive in it.
[t is medium grained and granular in fexture. Quartz and
feldspar are present in about equal proportions, with biotite,
apatite, and zircon as accessory constituents, and zoisite and
epidote as secondary products. The feldspar is chiefly ortho-
clase, clouded by zoisitization. Other occurrences of a similar
granitic character are on the west bank of Delaware River,
one-third mile north, and 1 mile north of Calhoun Street
Bridge. The rock of these localities contains considerable
hornblende as well as biotite. On the river south of Calhoun
Street Bridge occurs a micaceous granitic rock containing no
hornblende; and 3! miles sonthwest of Clarksville on the
Brunswick road, a garnetiferous, rather coarse grained,
eranitie, pegmatitie rock is exposed.

The Baltimore gneiss is not well exposed in the Trenton
quadrangle and no conclusions can be drawn relative fo its



origin from the exposures within this aren. Extended areas of
the formation in northwestern Chester County exhibit a
genuinely granitic aspect indicating that much of the forma-
tion outside the Trenton quadrangle is of igneous origin.
This is borne out by the following chemical analyses:

Chemical analyses of Ballimore gneiss.
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Analysis 1 was made by W. I, Hillebrand, of the United States Geolog-
ienl Burvey, from a composite sample representing six loealities,

Analyees 2 and 3 were made by F. A. Genth, jr., vol. C 8, Second Geol.
Burvey Pennsylvania, pp. 116, 105, Material of 2 was from Johnoson's farm,
1 mile east of Feasterville and north of road to Somerton, Material of 3
was (rom the west side of Neshaminy Creek, on the property of Phineas
Paxon,

The norm may be ealeulated as follows from analysis 1:

(Juartz i, 5
Orthoclase 16, 63
Albite o1 7T
Anorthite 15, 01
Diopside : . O
Hypersthene . %0
Magnetite . : 1.39
Lmenite .01
Pyrite .18
Apatite i1
H,0 57
COy .11

100, 53

Under the guantitative syatem of classification the rock falls into Class I,
order 4, rang 3, .amnd subrang 4, a persalane, quardofelic, alkalicaleie,
dosodic yellowstonose, which means that the rock is extremely rich in salie
constitnents, that is, quartz and feldspars; that of these minerals the feld-
spars are dominant; that of the feldspars the orthoelase and albite mole-
eules do not greatly exeeed the ancorthite molecules; and finally that of the
alkaline feldspars albite is more abundant than orthoclase.

The stroeture of the rock is hypantomorphie ; biotite and hornblende are
abnormative minerals. Recognizing these facte, it is classed as a biotitic
hornblende granoyellowstonose, the name showing the present chemieal
relations of the roek. There iz no renson to assume that they have been
materially modified by metamorphisin.

The other two analyses also show a dosodie, granofelic rock.

Thickness, correlation, and name.—There is no means of esti-
mating the thickness of this formation—the floor upon which
the other members of the sedimentary series were laid down.
This gneiss underlies material known to be of Cambrian age
and presumably Georgian. It is therefore pre-Cambrian and
i:-i. I:‘i_}]']"(_’.']:;ll{'ll “'itll i]l{ﬁ }II'I"-U:IIII!,H'[HII Ht:llllfbl'll E"I(I Ig{’('lil:.'"
rneisses of western New England, with the Fordham gneiss of
New York State, with the Baltimore gneiss of Maryland, and
with the Carolina gneiss of the Distriet of Columbia and Vir-
ginin.  While the pre-Cambrian gneiss of Pennsylvania is not
stratigraphically continuous with the Baltimore gneiss of Mary-
land, 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
in Jones Falls Creek in the city of Baltimore. The Baltimore
oneiss includes H. 1) 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 Geological Survey of Penn-
sylvania under the term Laurentian gneiss.

WISSAHICKON MICA GXNXEISS.

Distribution.—The Wissahickon mica gneiss extends from
the western border of the Trenton quadrangle northeast to
Morrisville.  With a width of 6 miles the gneiss is exposed
along the tributaries of the Delaware nearly to that river, but
is concealed on the divides by Pleistocene gravels. It is
injected by igneous material which outerops irregularly within
this area.

Charaeter.— While showing considerable variation, the
Wissahickon is typically a mediom to coarse gramed gneiss
characterized by an excess of mica.  The chief constituents are
quartz, feldspar (both orthoclase and plagioclase), green or

+

brown biotite, and muscovite. Magnetite, apatite, zircon, tour-
maline, garnet, andalusite, sillimanite, and zoisite are accessory
constituents. The more gneissic beds contain abundant ortho-
clase and plagioclase which is usually an acidie variety between
oligoclase and andesine (Ab,An ), but is locally as basic as
labradorite (Ab, An,). The rock is perfectly crystalline, and
the constituents are relatively fresh with sharply defined
boundaries. The freshness of the crystallization and the
absence of pressure effects on the constituents indicate a recrys-
tallized sediment.

The rock possesses a chemical composition which, while it
resembles that of a shale and bears out the field and petro-
graphic determination of the formation as of sedimentary
origin, is still not conclusive. The high alumina and low
alkali percentages and the preponderance of magnesia over
lime shown by the following analyses arve all characteristic of
siliceons argillites; in all feldspar-bearing rocks of igneous
origin, on the other hand, lime dominates the magnesia.

Analyses of Wissalifchon mica greiss,

! 1 a ]

20, Y 56, 40 65,13 | 73, 68
AlO, 19,7 15, 11 | 12,40 |
Fe 0, i, 85 2,02 210
Fal¥ 1. 40 ] 2 x
Mg(} 3.11 2, 48 2,04
Cal) i) 1. 87 i
Na,0 5, 52 2.7 297
K.O 1. 27 2 B 20
EL O { 3, 27 Groes ) 1. 34
H,0— 5 i L34 5
co, o None :
TiC, | 1. 05 .88 | .81
Zir), ’ Not est.
P,0, ? 87 .22 | .12
Cl Not est. |
[y Not est. |
= | 03
Cre, 0, None.
Nith I'raaese, Trace.
Mn() : .30 .18
Bal) Trace,
S . Trace.
Lig0 Trace. Noue

o, b | i, 57 101, 42

1. Miea gneizs, Neshaminy Creek.

2. Miea gneiss ; analysis made from composite sample representing four
localities.

2. Mica gneiss, Neshaminy Creek, below 2.

Analyses 1 and 3 made by F. A. Genth, jr., volome C 8, Second Geol.
Survey of Pennsylvania, pp. 108, 109, ]

Analysis 2 made by W. F. Hillebrand, U. 8. Geologieal Burvey.

The beds show minute ecrumpling and both gentle and steep
folding. 1In the latter case cleavage, fissility, and bedding
are parallel structures and are inclined 60° to 70° SE.  The
strike is N. GO° to' 80° E., with a piteh of 5° to 25° NE.

Thickness—1t is not possible to determine with exactness
the thickness of the mica gneiss. The isoclinal folding and
constant variation in beds give a false idea of its thickness,
which is probably between 1000 and 2000 feet.

Stratigraphie relations.—~The determination of the age of the
i gm_-i:e:; rests ‘n\'l]ﬂ-ll}' on the Sll'.il.i;_:r.'qlhil_‘. relations which
the formation sustains with fossil-bearing sediments. The mica
gneiss contains within itself no clue to its age.

In northern Delaware and in the southwestern part of
Chester County, Pa,, the formation is found in association with
erystalline limestone and quartzite.  While most of the lime-
stone lies southeast of the main mass of Shenandoah limestone,
the rock perfectly resembles that formation and one series of
exposures is continuous with its strike.  The quartzite associ-
atedd with the limestone resembles the thin-bedded sandy
material of the Chickies quartzite, and like it contains broken
tourmaline erystals.  No fossils have been found in either for-
mation, but because of their lithologic resemblance to recog-
nized Paleozoic rocks and their similar stratigraphic relations,
they are presumptively considered to represent Cambrian and
Cambro-Ordovician sediments.

In the exposures where the limestone and mica gneiss are
seen in contact, the latter formation overlies the former. The
oneiss is here and there separated from the limestone by thin
beds of quartzite, but is in places in immediate contact with the
limestone. If this superposition of the gneiss represents its
stratigraphic position, the Wissahickon mica gneiss is of Ordo-
vician age. There iz some evidence, however, which furnishes
a presumption in favor of an inverted sequence:

(1) West of the Philadelphia district the Wissahickon mica
gneiss and recognized Ordovician mica schists are adjacent for
long distances.  Although in proximity to the boundary
between the two formations the mica gneiss shows a close
resemblance to the mica schist, making it a diffieult and some-
times an arbitrary matter 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 erystallinity
increases eastward in all the formations, but this change in

orain of crvstallization 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 overturned and 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 mica gneiss also suggests an inverted series.

(4) Lenses of quartzite which occur in the mica gneiss have
a similar significance.

(5) A garnetiferous mica gneiss interbedded with recognized
Cambrian material is seen 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 lime-
stone and is also interbedded with the gquartzite.

() No formation rezembling the Wissahickon mica gneiss
has been found associated with the Palenzoic series northwest
of the Baltimore gneiss axis.

(7) Intrusive igneous material oceurs abundantly in the
Wissahickon mica gneiss and in the Baltimore gneiss, but with
exceptions to be mentioned it is significantly absent from
recognized Paleozoics, The exceptions are a single ocenrrence
of serpentine in the Ordovician mica schist, and the indiscrim-
inate passage of pegmatites from the Wissahickon mica gneiss
to later Paleozoics. It may be stated, however, that in the first
case the serpentine exposure shows no contact relations with
the mica schist and the serpentine may be older than the
latter formation; and that in the second case pegmatization
does not represent vigorous igneous activity, but is rather the
result of expiring igneous force. The igneous activity, whose
vigorous action resulted in the basic intrusions which arve
seemingly confined to pre-Cambrian time, may have its expir-
ing force in pegmatization, which continued through Cambrian
and Ordovician time. It is also conceivable that pegmatization
oecurred in connection with the intrusion of the Devonian and
“arboniferous granites found in the Appalachian Mountains,

These stratigraphic relations and igneous associations seem
to indicate that the Wissahickon miea gneiss is in part at least
older than the Chickies quartzite, and that to the southeast it
often supplants the latter. That there was some micaceons-
argillaceous sedimentation during Cambrian time is plainly
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 mica gneiss, probably representing
originally many thousand feet of scantily arenaceous sedi-
ments, iz assigned to pre-Cambrian time. Subaerial erosion
of the mica gneiss subsequent to the deposit of sand in an
encroaching sea will explain the apparent gradation of the
mieca gneiss into the quartzite, while the thin and lenticular
character of lower Cambrian sedimentation toward the east will
explain the apparent passage of quartzite into gneiss along the
strike.

The absence of the Wissahickon miea gneiss in the north-
west, where the Paleozoic series immediately overlies the Balti-
more gneiss, compels one of two assumptions. Either there
was land during Wissahickon time in the west while the
Wissahickon acecumulated 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 completely on the northwest, so that Cambrian
sand was laid down at first directly upon the Baltimore gneiss
and later, as the sea encroached upon the land, upon super-
ficially decayed Wissahickon mica gneiss. This deposition
took place in bays or estuaries; later the Cambro-Ordovieian
limestone accumulated in enlarging bays or estuaries. This
material, both pre-Cambrian and later sediments, was subse-
quently folded, metamorphosed, faulted, and thrust upon the
western Paleozoics. In the Trenton quadrangle the Cambro-
Ordovician material overlying the Wissahickon mica gneiss
has been completely removed by erosion. The folded, meta-
morphosed, and faulted Wissahickon miea gneiss alone remains.

In the Philadelphia district the Wissahickon mica gneiss is
found at a single locality, lying directly against the Baltimore
eneiss and between it and the Chickies quarizite. The Balti-
more gneiss is therefore considered the older formation.

Name and corvelation—Wissahickon Creek in the neighbor-
hood of Philadelphia affords an excellent section across the
strike of the formation. Because the mica gneiss iz o finely
exposed in the gorge of this stream it is called the Wissahickon
mica gneiss. The mica gneiss, together with intrusive granite
gneiss, comprises H. D. Rogers’s First and Second gneiss belts
and the “Chestnut Hill,” “ Manayunk,” and * Philadelphia ™
mica schists and gneisses, considered by the Second Geological
Survey of Pennsylvania to be pre-Cambrian in age. It is to be
correlated with the Carolina gneiss of Virginia.

FRANKLIN LIMESTONE.

Distribution—0One mile southeast of Holland and three-
fourths mile west of Neshaminy River there is a very small



area of limestone, which, because of its character and associa-
tions, is assigned to a pre-Cambrian horizon.

The limestone is exposed only in the walls of an abandoned
quarry, known as the Vanartsdalen quarry, which was opened
about fifty years ago and was operated for thirty years. Sink
holes in line with the strike of the limestone indicate that the
rock underlies about 10 acres. Limestone is reported in the
bed of the Neshaminy, where the new bridge for the Penn-
sylvania Railroad erosses that ereek; this location is continuous
with the strike of the quarry rock.

The quarry rock is a coarsely crystalline marble, white when
pure but usually darkened by the presence of graphite and
silicate minerals. Thirty mineral species have been attributed
to this locality. The most abundant of the silicates are the
feldspars (orthoclase, oligoclase, and bytownite), scapolite,
titanite, and phlogopite; apatite and siderite are also common.
The marble is surrounded by and thoroughly injected with
aabbro. To this association the rock probably owes its high
di_rgr{:u of L!l':_r.w;l!:l|];nit.b'. :U{mg the contact zone :ngitt‘: and
hornblende are abundantly developed in the caleareous rock,
while ealeite veins and inelugions characterize the igneous rock.

Stratigraphie relations—The limestone of the Vanartsdalen
quarry sustaing no stratigraphie relations with any formation,
and it is therefore imposzible to determine with precision the
horizon to which it belongs. That it is presumably pre-Cam-
brian is indicated by the intrusion in it of igneous material
which elsewhere is confined to pre-Cambrian formations.

In color, perfection of crystallization, and the presence of
eraphite and silicate minerals, the rock resembles the pre-
Cambrian Franklin limestone which outerops 70 miles to the
northeast in New Jersey, and it not improbably represents a
remnant of that formation left by erosion.

In the northwestern part of Chester County occur other
isolated areas of white erystalline limestone in which graphite
is richly developed and which is associated only with pre-
Cambrian formations.

CAMEBRIAN SYSTEM.

The Cambrian system is represented in the Trenton quad-
angle by arenaceous and caleareous sediments which are
thoroughly metamorphosed and now appear as quartzite and a
crystalline limestone.  These formations are devoid of igneous
intrusions and represent continuous deposition during early,
middle, and late Cambrian time. They extend for many miles
toward the southwest.

CHICKIES QUARTZITE.

Distribution—The hard, resistant Chickies quartzite consti-
tutes a belt three-eighths mile wide, striking northeast across the
quadrangle from Trevose on the western edge to Trenton,
where it passes under a cover of later material. From Lang-
horne to a point 2 miles northeast of Edge Hill it forms part
of the second escarpment, and its presence is always marked
by high land.

Character—Outside the Trenton quadrangle the quartzite
shows a conglomeratic lower member, largely composed of
elongated pebbles of the blue quartz which characterizes the
Baltimore gneiss, but in the Trenton quadrangle it is typically
a pale-green schistose quartzite, in which the color and schis-
tosity are due to the presence of sericite.

Chemical onalyses of Chickies guearizite.
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aPartial analysis,
1. “Ttacolumite” 14 miles southeast of Vanartsdalen's near Neshaminy
Croeck.
2 vltacolumite,” east bank of Neshaminy Creek.
Analyses by F. A. Genth, jr., volume C 6, SBecond Geol. Survey Pennsyl-
vania, pp. 109, 116, 117,

The sericitic quartz schist is exposed in quarries at Trevose,
at Neshaminy Falls on the east side of the creek, at Iudge Hill,
and on Delaware River. It is a thin-hedded formation with
bedding and eleavage usually coinciding and dipping steeply
southeast. The quartz schist iz in places light buff' to white
in color and always contains feldspar. The feldspar is for the
most part orthoelase, more rarely microeline, and is unsually
more or less kaolinized. Tourmaline, apatite, zircon, magnet-
ite, and staurolite are accessory constituents. “Stretched” or
broken tourmalines are very characteristic of the formation
elsewhere. The schist readily cleaves into slabs and, by

Trenton,

)

means of fissility developed in shear planes, into flattened
rhombohedrons. A chemical analysis shows the rock to be
highly siliceons, with sufficient alumina and potassa for sericite
and feldspar.

Stratigraphic relations.—Southwest of the Trenton quad-
rangle the Chickies quartzite lies in an overturned syneline on
the northwest flank of the Baltimore gneiss anticline. It
immediately overlies the Baltimore gneiss, with a conglomerate
at the base. The belt of quartzite exposed in the Trenton
quadrangle is the southeast limb of the same anticline of which
the northwest limb is concealed heneath the Triassic cover.

Thickness—The thickness of the formation does not exceed
and may be less than 1300 feet, althongh isoclinal folding gives
the appearance of much greater thickness. Overturned folds
with stratification and cleavage dips to the southeast are the
prevailing structures. The average strike is N. 60° to 75° E.
and the dips 75° to 85° SE.

Correlation and name.—The name of the formation is taken
from the locality of its finest exposure and greatest thickness
on Busquehanna River north of Columbia, At this loeality
Seolithus linearis has been found, as also in the North Valley
Hills, and the quartzite underlies quartzite in which Olenellus
fragments have been found by Mr. Waleott, thus fixing its age
as Georgian (Lower Cambrian).

The quartzite of the Trenton quadrangle was deposited
farther to the east than this typical exposure of Georgian
quartzite on Susquehanna River, and may have been laid down
in an encroaching sea, thus representing a slightly later horizon
in the Cambrian than the Georgian. No forms of life save
Seolithus linearis have been found in it, hence it can not be
positively stated to be of Georgian age. It can be safely
affirmed to be Cambrian and iz to be correlated with the
Cheshire quartzite of New England and the Poughquag quartz-
ite of New York. It is the Primal sandstone of H. D). Rogers,
and Formation No. 1, the Chicques or Potsdam sandstone of
the Second Geological Survey of Pennsylvania.

SHENANDODAH LIMESTONE.

Distribution.—North and west of New Hope there is a tri-
angular area of limestone extending from the western border of
the quadrangle, where it has a width of 2 miles, to the west
hank of the Delaware opposite Brookville.

Charaeter—"The rock is a pale-blue, finely erystalline lime-
stone, in many places argillaceous or siliceous, interbedded with
compact dark-blue noncrystalline limestone and slate, and
locally overlain by a few feet of banded red slate which has
stained the underlying limestone. Ripple marks are preserved
in the more argillaceous limestone beds. This formation is
well exposed in quarries 2} miles north of New Hope at
Limeport and in scattered quarries southwest of Limeport.
An analysis of the rock from a locality 15 miles west follows.

Analysis of Shenandoah Haeslone.

CaCOy ___ X . 40, 27
Mgy, e 31,24
H2ilg 24 23
Al O, 112
e l, .1
Ca(r . B5
Alkalies 1.42

Tag, utk

Analysis by F. A. Genth, jr., vol. C 6, Becond Geol. Survey Pennsylvania,
ppe 126, 127, Material from limestone on Behuylkill River, between Mogee
and Conshohocken.

This analysis shows that the limestone is both siliceous and
magnesian, though the percentage of the magnesian carbonate
is searcely enongh to warrant calling the rock a dolomite.

Stratigraphic  relations. — The limestone is overlain by
Triassic formations. While it shows no other siratigraphic
relations within the Trenton quadrangle, in the adjacent
Doylestown quadrangle on the west it overlies a quartzite
gimilar in lithologic character to the Chickies quartzite, of
Cambrian age. The two formations possess the character and
the strike of the Cambrian quartzite and the Cambro-Ordovi-
cian limestone respectively, which are exposed north and
south of the Triassic cover and which presumably underlie the
Triassic formations throughout this portion of the plateau.

These underlying Paleozoic formations have clearly been
brought to the surfice by a normal fault either vertical or had-
ing steeply =outheast (fig. 2). The Stockton formation imme-
diately overlies the limestone on the north. Adjacent to the
limestone on the south arve the Lockatong hard blue metamor-
phosed argillites and red shales. The argillites are indurated
and excessively jointed with slickensided surfuces, evidently
affected by proximity to a fault. Because of their hardness
they form high land wherever they oceur.

Thickness—The thickness of the formation has been estimated
from its structural relations in Chester Valley to be approx-
imately 1500 feet.

Corvelation and name.—Fossils of Chazy, Beekmantown,
and Trenton ages have been found west of Chester Valley in
limestone stratigraphically continuous with the Shenandoah
limestone of that valley. Fossils have also been found in
Chester Valley in somewhat ambiguous material.  This mate-
rial is geodiferous drusy quartzite, which is found in place

south of Bridgeport, near the Trenton branch of the Pennsyl-
vania Railroad. It iz interpreted as a replacement of the
uppermost ealeareous beds of the Shenandoah limestone.

At Henderson station loose material of the same character
lies on top of the limestone, and in this material have been
found gasteropod and cephalopod fossils, from which the
following determinations were made by 1. O. Ulrich: Raph-
istoma (two species), Maelurea, Lituiles, and Cyrioceras.
These are Ordovician forms and indicate a horizon in its lower
portion.  In one of the abandoned quarries at Limeport, near
Delaware River and southeast of Brookville, and in another 14
miles southwest of Limeport trilobite and brachiopod fossils
have been found, and have been determined by E. O, Ulrich as
Solenoplewra jerseyensis (Weller) and  Lingulepis  acuminata
(Conrad), vespectively. These forms, so far as known, are
confined to the Saratogan (Upper Cambrian) and are consid-
ered to be older than Walcott’s SBaratogan fauna but younger
than the latest Acadian, and hence are early Saratogan. This
corresponds in time to some part of the Conococheague forma-
tion of the Chambersburg quadrangle, Pennsylvania,

These fossils and the stratigraphic relations which the
limestone bears to Georgian quartzite show it to be Cambro-
Ordovician in age. It is therefore correlated with the Stock-
bridge limestone of New England and New York, and with
the Shenandoah limastone of Pennsylvania and Virginia.

It is part of the Auroral limestone of H. D. Rogers, and of
Formation No. 2 of the Second Geologieal Survey of Pennsyl-
vania. To the Cambro-Ordovician limestone of Pennsylvana
the name Shenandoah has been given because the greatest
exposure of limestone of this age is in the Shenandoah Valley
of Maryland and Virginia.

IGREQUS ROCKES.

Associated with the pre-Cambrian crystalline sedimentary
formations of the Trenton quadrangle are igneous bodies,
intrugive in geologic occurrence and granitic and gabbroitic
in lithologic character. This igneous material with varying
petrographic facies invades the Atlantic belt of erystallines
from Virginia to New York. It constitutes important forma-
tions in North Carolina, Virginia, Maryland, Delaware, and
southeastern Pennsylvania. In the Trenton quadrangle the
exposures are not extensive; they are confined here as else-
where in the Platean to pre-Cambrian rocks, which in this
quadrangle are the Jaltimore gneiss, the Wissahickon miea
gneiss, and the Franklin limestone; the intrusives are therefore
assigned a pre-Cambrian age.

GABBRO.

Distribution.—The maximum development of this igneous
type in the Pennsylvania Piedmont is in the southwest.

From Susquehanna River and from the region about
Wilmington, Del.,, a great body of gabbro extends northeast,
forming the main mass of Buck Ridge, west of the Trenton
quadrangle, and continues northeast into the Trenton quad-
rangle, in which it shows itself in exceedingly irregular aveas.
It thoroughly injects the Baltimore gneiss and Wissahickon
mica gneiss and becaunse of the intimate commingling of igneous
and sedimentary rocks and the absence of exposures the
houndaries can not always be drawn with accuracy.

Character~The gabbro is a wedium-grained massive rock,
possessing either a bronzy-gray or a greenish-gray color,
depending upon the character and freshusss of the ferromag-
nesian constituents. It weathers in dark-colored bowlders with
rusty exteriors which strew the fields and afford almost the
only indication of the character of the underlying rock. These
howlders are exceedingly tough unless the rock has been
rendered somewhat schistose through the development of horn-
blende or mica.

Typically, the gabbro is a hypersthene-augite-plagioclase
rock, with accessory quartz, biotite, hornblende, magnetite,
apatite, titanite, pyrite, pyrrhotite, garnet, and orthoclase.
Exelugively decomposition minerals are actinolite, chlorite, and
serpentine. Quartz is variable in amount, ranging where pres-
ent from a trace to 30 per cent. The pyroxenic constituent
may be exclusively hypersthene, chiefly hypersthene, or less
frequently chiefly angite, or exclusively augite, or diallage; it
constitutes from 10 to 40 per cent of the rock. The feld-
spathic constituent is labradorite or labradorite-bytownite, and
varies from 5 to 60 per cent of the rock. Between the pyrox-
ene, whether hypersthene or augite, and the labradorite there
oceur reactionary peripheral zones of garnets.  Associated with
the garnet there may be hornblende. These garnet rims form
the most striking petrographie feature of the gabbro.

Wherever the gabbro has been subjected to pressure, as
along the periphery of the intrusive mass, pyroxene is replaced
chiefly by green hornblende and subordinately by biotite. A
more or less schistose structure was produced by the develop-
ment of these two minerals.  Most of the gabbro of the Trenton
quadrangle is hornblendic and schistose in character.

An analysis of the gabbro made by W. F. Hillebrand from
a composite specimen representing three localities gives the
following oxide percentages :



Analysis of gabliro from the neighborhoad of Reduor and of Bryn Mawr.
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The norm according to the quantitative classification would be:

Quartz 4, 56
Orthoelasze 4. 89
Albite 25, 68
Anorthite 30, 20
Hypersthene . 20, 67
Diopside 10, 52
Apatite L
Ilmenite N : ; 1,52
Magnetite 2,00
Pyrite -
H,O BT
Gy 40

100, 28

The rock therefore falls into Class 11, order 5, rang 4, subrang 3, and is &
hessose.

Thizs means that the salie constituents, or guartz and feldspar, are domi-
nant, and the femic or ferromagnesian constituents subordinate. Of the
salic constituents, feldspar predominates to an extreine degree, and lime-
soda feldspar with dominant lime is the prevailing feldspar. Augite is the
only abnormative mineral among the essential constituents of the rock, and
it usaally plays the rdle of a critieal mineral. The texture of the rock is
hypantomorphiec granular. It may therefore be designated an aogitic
granolhessose.

Age.—The youngest material into which the gabbro intrudes,
disregarding the Franklin limestone, so far as our present
lknow |{:11gv ‘iI]Ht‘lﬁl'S a statement, is the ]1]'t*-(":l||i]r:'i:1ll Wissa-
hickon mica gneiss. The gabbro is therefore, presumably, pre-
Cambrian in age. By the previous surveys it was not separated
from the Baltimore (** Laurentian ) gneiss.

METAPYROXENITE AND METAPERIDOTITE.

Throughout the Atlantic belt gabbro is associated with, or
through decrease in feldspar grades into, pyroxenites, or with
the addition of olivine into peridotites. These pyroxenites and
peridotites are usually altered by hydration and carbonation to
serpentines and related rocks. Serpentines of such origin are
found in the Piedmont belt of North Carolina, Virginia, Mary-
land, Delaware, Pennsylvania, and New York.

While to the southwest there are extensive areas of serpentine
in the Pennsylvania Piedmont, the serpentine of the Trenton
quadrangle is confined to two exposures. Two miles south of
Hulmeville, at Ford, a dike of such material oceurs in the Wis-
sahickon mica gneiss and is exposged for about one-fourth mile,
The rock is mottled green and gray and is now composed of
tremolite, serpentine, and steatite. Caleite and magnetite are
aceessory constituents and by-produets in the alteration of the
original constituents to serpentine and tale.  Serpentine is the
chief constituent and is plainly secondary to the tremolite,
though it is impossible to say whether all of the serpentine is
of this origin. Steatite seems to be secondary both to the
tremolite and to the serpentine. Tremolite has the appearance
of a primary constituent, but is probably secondary to diopside
or olivine,  Of these constituents, however, no trace remains.

A dike of somewhat similar constitution comes to the surfiace
for a short distance on the west side of the Neshaminy one-
halt mile southwest of Parkland. The rock consists chiefly of
radiating crystals of yellowish-bhrown anthophyllite.
tion to this mineral oceur caleite and steatite.

In addi-

HORNBLEXDE GNEISS.

IJ;S.I'J'I.EJHIF;UJ‘L—III l.]'l{’ \‘Fiﬁﬁilllil‘kﬂll IIIiL‘El gi]l}iﬂ l.]:l{‘!l"l_" dare
isolated outerops of a coarsely crystalline hornblende gneiss.
The rock is exposed on Pogquessing Creek at the crossing of
the Pennsylvania Railroad near Torresdale, in the southwest
corner of the quadrangle. A considerable area of it oceurs 1
mile northwest of Cold Spring, also 1§ miles northwest and 2}
miles north of the same place.

The chief constituents of the gneiss are hornblende, quarts,
and feldepar, compoging about 45, 30, and 25 per cent respec-
tively of the rock. Augite is scantily associated with the
hornblende, and apatite is an accessory constituent. The
feldspar is orthoclase and an acidic plagioclase, the former
gpecies predominating.

In the lack of a chemical analysis of the rock, its petro-
graphie position can not be determined with accuracy. It is
considered an altered basic granite.
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TRIASSIC SYSTEM.
By M. H. Daerox and H, B KUSMEL.
NEWARK GROUP IN GENERAL.

Ertent, econstitution, and struefure.— The Triassic area
described in this folio is a representative portion of an oceur-
rence of the Newark group which extends from Hudson River
sonthward through New Jersey, Pennsylvania, and Maryland
into Virginia. Other detached areas are found in Nova
Scotia, Massachusetts, Connecticut, Virginia, and North Caro-
lina. The belt of ocenrrences is thus over 1000 miles long,
but the areas are now widely separated and may never have
been directly connected.

The Newark rocks in general are remarkably uniform in
character, They comprise great thicknesses of alternating
sandstones and shales, in larger part of reddish-hrown color,
with intercalated sheets and dikes of igneous rocks. Many of
these sheets are intrusive, but others are unmistakably outflows
of lava upon the sediments. The structure is monoclinal over
wide areas, with faults having the downthrow mainly on the
side from which the strata dip. From New Jersey southward
this monocline in greater part slopes west at angles of 10° to
15°, while in New England and Nova Scotia, and at some of
the easternmost onterops in Virginia and North Carolina, the
inclination is in the opposite direction. The thickness of the
sediments is great but as yet has been determined only approx-
imately and only in portions of the belt. The great width of
territory in which there are monoclinal dips would indicate a
vast succession of sediments, but this is only apparent, since
many longitudinal faults repeat the outerops of the series.

The age of the Newark group is believed to be late Triassic
and perhaps also early Jurassic, but its precise equivalence i8
not established. Fossil plants, crustaceans, and vertebrates
have been collected and compared with similar forms from
European deposits of those ages, and they correspond within
general limits, but correlation of exact horizons is not practi-
cable. The Newark strata did not share in the folding which
oceurred at the close of Carboniferous time, and therefore
must be of later date, and they are clearly older than the
lowest Cretaceous formations, which overlap them unconform-
ably. They are thus separated from earlier and later deposits
by intervals of upheaval and erosion of unknown duration,
but their position in geologie history can not be determined
more closely than by the general correlation of fossils above
indicated.

The Newark group in the New Jersey region occupies a
broad belt extending across the north-central portion of the
State from Delaware River to Hudson River. It is 32 miles
wide on the Delaware, and about half this width on the New
York state line. To the northwest rise the Highlands, con-
sisting of old granites and gneisses; to the northeast are
Hudson River and the serpentine hills of Staten Island, and
to the southeast are low plaing composed of formations of the
Cretaceous and Tertiary periods. Over wide areas the dips of
the strata are to the west and northwest, but in the central-
western portion, about the Watchung Mountains, there is a
low syneline with various minor flexures. There are extensive
faults traversing the rocks, mostly along their strike, with
downthrow on the east side. The abrupt margin on the north-
west is defined by a fault on which the generally westward-
dipping strata abut against the old crystalline rocks, which
usually rise in high slopes. The northeastern boundary may
alzo be defined by a fault passing along Hudson River, but of
this there is less definite indication. From the southern part
of Staten Island southward to Trenton there is unconformable
overlap by the Raritan formation, of Cretaceous age, which for
some miles lies across the lower beds of the Newark group.

Subdivisions.—In the rocks of the Newark group of the New
Jersey region the typical red-brown sandstone and shale pre-
dominate. The igneous rocks ocenr in extrusive flows and in-
trusive sheets and dikes. It has been found that the sedimentary
rocks ean be classified in three formations—the Stockton, Lock-
atong, and Brunswick—the last-named being the youngest.
These subdivision are distinet along Delaware River and north-
ward beyond Raritan River, but they are less easily traceable
across the northeastern part of the State, for the surface is
extensively covered by glacial drift and the two upper forma-
tions lose their distinetive characters,

The Stockton formation comprises arkosic sandstone with
some red-hrown sandstone and red shale, in no regular suceession
and presenting many local variations in stratigraphy. It lies
on gncissﬁ at Trenton, and iz bronght up again by faults in zones
passing west of Hopewell and about Stockton. To the
north it lies along both sides of the diabase of the Palisades.
The sandstones are in places cross-bedded, and the finer-
grained rocks exhibit ripple marks, mud cracks, and raindrop
impressions, which indicate shallow-water conditions during
deposition. The arkose, a sandstone containing more or less
feldspar or kaolin derived from granite or gneiss, indicates
proximity to a shore of the ancient metamorphic rocks,

The Lockatong formation along Delaware River and for
some digtance north consists nmst]:,' of dark-colored, ﬁllu-gl'.tinml
rocks of .'-I]"gi”:ll‘_'!lf_’,(}lls nature but hard and compact. Some beds

are massive and others are flagey. They show mud cracks and
other evidences of shallow-water deposition, but all their materi-
als are clay and very fine sand. The Lockatong formation sue-
ceeds the Stockton formation some distance above Trenton and
west of Princeton, and is brought up by faults along the
southeast side of Sourland Mountain and above Stockton. In
northeastern New Jersey the Lockatong appears to be thinner
and is less characteristic, apparently being represented by a red
shale belt extending along the valley west of the Palisade ridge.

In its typical development the Brunswick formation con-
sists mainly of a great thickness of soft red shale with local
thin sandstone layers. To the north the sandstone increases in
amount and coarseness,

HEWARE GROUP IN THE TRENTON QUADRANGLE.

GENERAL RELATIONS,

In the Trenton guadrangle the rocks of the Newark group
underlie most of the area north of a line from Trenton to
Monmouth Junction. They are best exhibited in the section
exposed along Delaware River from Trenton northward.

The sedimentary rocks in this region are comparatively soft
sandstones and shales which are worn to a low level, forming
valleys. The igneous rocks occur mainly in thick sheets, and
owing to their hardness they give rise to high ridges, of which
Sourland, Baldpate, Jericho, Solebury, and Pennington moun-
tains and Rocky Hill are the most conspicuons, These are
elevated several hundred feet above the plains or rolling low-
lands of softer sedimentary beds, and in places present high
cliffs to the east and gentler slopes to the west, the course of
most of the ridges being northeast and southwest. The sections
on the structure-section sheet illustrate the general structural
relations of the sedimentary and igneous rocks. These
sections show the general dip to the west and the order of
succession and relations of the larger igneous masses and illus-
trate the origin of the more prominent topographic features.
Most of the igneous rocks crossed by the section are intruded
sheets of diabase which were forced between the layers of sand-
stone and shale.  On SBand Creek, however, there is lava
gimilar to that of the Watchung Mountains, which was poured
out during the aceumulation of the sedimentary deposits.

The Newark strata lie on gneisses and other erystalline rocks
of the series which rises to the surface on the east side of
Hudson River and in the eastern portions of Hoboken, Jersey
City, on Staten Island, and from Trenton southward. In
the region southwest of Lambertville they lie on Cambrian
limestone brought up by the great fault in the middle of the
Newark area.

SEDIMENTARY IROCKS,

STOCKTON FORMATION.,

Character.—The rocks of the Stockton formation consist of
coarse, more or less disintegrated arkosic conglomerate, yellow
micaceous feldspathic sandstone, brown-red sandstone or free-
stone, and soft red argillaceous shale. These are interbedded
in no regular order and are many times repeated, a fact that
indicates rapidly changing and recurrent conditions of sedi-
mentation.  Although there are many layers of red shale in the
formation the characteristic rocks are the arkosic conglomerate
and sandstone, the latter of which affords valuable building
stone.

In addition to the eross-bedded structure which prevails in
much of the sandstone, ripple marks, mud cracks, and impres-
sions of raindrops oceur.  The rapid alternation from eonglom-
erates to shales and vice versa, the changes in composition in
individual beds, and the cross-bedding and ripple marks all
indicate very clearly that these beds were deposited in shallow
water. in ¢lose proximity to the shore. The bulk of the mate-
rial of which they are composed was derived from the crystal-
line rocks on the south and southwest.

Arkosic conglomerate and yellow sandstone prevail near the
bottom of the Stockton formation and brown-red sandstones
near the top; but the lower beds are not all coarse grained, for
at some localities red shale and fine sandstones are interbedded
with the conglomerate. Layers of soft, argillaceous red shale
are also found separating the brownstone beds near the top of
the formation. Here and there thin layers of green, purple, and
black shale occur at various horizons but they are inconspicu-
ous. The conglomerate consists chiefly of quartz pebbles up to
3 or 4 inches in diameter and fragments of f'eldsp:n- cr.}rsm]s,
some of which measure an inch or more across. The cleavage
faces of the latter generally show but little effect of weathering.
Some mica is present and a few pebbles of sandstone and slate
tially the same materials as the conglomerate but are finer and
oceur.  The yellow and gray sandstones are composed of essen-
contain some mica in addition to the quartz and feldspar that
are the chief constituents. Minute rust-colored specks usually
appear in the sandstone, probably due to some disintegrated
ferromagnesian mineral, and it is not uncommon to find pebbles
of various kinds sparsely scattered through it. These last are
mostly quartz, but include fragments of red shale, somewhat
irregular in shape, which seem more like masses of clay
deposited with the sand and afterward hardened than water-



worn pebbles of shale. Cross-bedding in the sandstone is very
common. The shale is composed of fine red mud, containing
more or less minute flakes of mica. In some places it oceurs in
thick beds, which, when seen in a freshly exposed wall in a
quarry, appear firm and massive. However, it splits readily
on exposure to the weather. Rarely, a thin bed of green or
black shale occurs with the red.

Thickness.—The thickness of the Stockton formation is
estimated to range from 2300 to 3100 feet, allowance being
made for repetition of beds by faulting, but owing to the
monotonous character of the beds and the possibility of undis-
covered faults there is much uncertainty as to the precise
amount.

Distribution.—Owing to tilting and faulting, the Stockton
beds outcrop in several belts within this quadrangle. These
are (a) the Trenton area, which extends northeastward to
Princeton, beyond which the formation is mostly buried by
Cretaceons and Quaternary deposits; (4) the Hopewell area,
along the southeastern slope of the Sourland plateau, where
the upper part of the formation has been brought to the surface
by a fault; () the Stockton area, where the beds are exposed
in numerous quarries near the village of Stockton,

The first belt begins in the western part of Trenton and
extends along the Delaware to a point about three-fourths mile
above Wilburtha station. At Trenton the formation rests on
the old erystalline rocks, which have contributed largely to the
arkose beds, but the contact iz not exposed. The basal beds
outerop for only a short distance, because a few miles northeast
of Trenton they are overlapped by Cretaceous clays. The
upper limit of the formation extends from Delaware River
above Wilburtha, throngh Ewingville, Lawrenceville, and
Princeton. At the latter place it crosses the college eampus,
and excavations made for the foundations of the college
library revealed the upper beds. Along Millstone River the
line of separation between the Stockton formation and the
overlying Lockatong formation is plainly exposed in the line
of quarries along the canal, the southern quarries being in the
Stockton.  East of Millstone River the boundary has not been
determined, owing to thick (Quaternary deposits which mantle
the surface. Northwest of Trenton this belt has a width of
about 3 miles, but to the northeast it rapidly narrows, owing
to the overlap of Cretaceous and later formations,

The second area in-which the Stockton formation outerops
is near Hopewell, where it constitutes the southeastern face of
the Sourland platean in a belt three-fourths mile wide extend-
ing from Harbourton nearly to Skillman, a distance of about 10
miles. Its upper limit lies a little west of the crest of the
east side of the platean. The beds exposed in this zone are the
upper part of the formation brought to the surface by a great
fault located along the foot of the escarpment.

A second great fault 7 miles farther northwest brings the
Stockton formation to the surface in a zone which crosses
the Delaware from DBrookville to a point a little bevond Raven
Rock, with a maximum width of about 3 miles. Its north-
western margin extends along the crest of the eastern edge
of the Hunterdon platean, the steep slope being formed by
the upper beds of the formation, here predominantly red
shale with a few sandy layers. The southeastern margin of
this area is determined by the fault, and as this crosses
the strike obliquely the outerop becomes narrower to the
northeast and finally ends near the northern margin of the
quadrangle.

Local features—The most extensive exposures of the Stock-
ton formation are in the quarries near Wilburtha, 5 miles
above Trenton, and in the quarries near Stockton. It is from
the latter place that the formation was named. In all these
quarries the rapid alternation from shale to freestone and to
arkosic conglomerate is shown. Not uncommonly a well-
marked bed thins out rapidly within the limits of a guarry, or
even disappears entirely, its place being taken by a layer of
different character. In other places a bed, although retaining its
identity as a distinet layer, changes so in texture or color that
it would not be recognized as the same bed were the outerop
not continuous. The individual beds are in thin lenses which
overlap at their edges where they thin out.

In the ravine at the western edge of Cadwalader Park,
Trenton, there are heavy beds of arkosic conglomerate, with
pebbles of quartz several inches in diameter and good-sized
feldspar erystals.  The rock here is firm and might be used for
rough masonry. Near the canal bridge, a quarter of a mile
southeast of the Asylum station, the rock is so completely
decomposed that it is spaded out and used for road material
and sand. In addition to the constituents derived from the
underlying gneissic rocks; there are pebbles of quartzite and
sandstone, probably derived from the southwest in Pennsyl-
vania, where the formation lies on Cambrian sandstones.

In the Hopewell area the rocks of the Stockton formation
are generally harder than near Trenton and Wilburtha, They
are mainly varicolored sandstones, red-brown, gray, and steel-
blue predominating, although the weathered fragments are
mostly vellowish., The sandstones are quartzose and feld-
spathie, and, in general, not so free-splitting as those in the

Trenton.
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Wilburtha quarries. Some beds of heavy arkosic conglomerate
occur, the most marked locality being half a mile west of
Marshalls - Corner. A drilled well 106 feet deep, on the
Edgerly place, Hopewell, passed through alternating beds of
red shale, hard gray quartzitic sandstone, brownstone, and
arkose sandstone. When the rapid changes noticed in indi-
vidual beds in the Wilburtha and Stockton quarries are
considered it is not surprising that the beds in them are some-
what different from those in other localities. There can, how-
ever, be no reasonable doubt that these sandstones belong to the
Stockton formation. There are no quarries along this belt,
and the principal exposures are along the small streams which
cross the outcrop zone. At other places the surface is sandy
and generally strewn with angular weathered slabs of the
harder layers.

In the northern area the gquarries near Stockton afford
excellent opportunity for studying the composition, texture,
and succession of the beds. The rocks here are chiefly free-
splitting sandstones of various tints of gray, yellow, and red-
brown, very similar to those at Wilburtha. Beds of red shale
and also conglomerate are interbedded with the sandstones,
In the bluff between Stockton and Brookville thick beds of
very coarse conglomerate oceur, the lower beds in this locality
being much more consolidated than those mnear Trenton.
Except for exposures in the quarries and a few unimportant
outerops along the streams, the rocks are ravely seen. The soil,
however, is elearly indicative of the formation beneath, being
rather loose, sandy, and loeally pebbly and having abundant
scattered slabs of sandstone and conglomerate. Owing to the
eray color and sandy texture the soil is in marked contrast
with that of the adjoining regions, which is a red or yellow clay.
The topography in the area north of Stockton presents some
peculiarities, There are three broad, low ridges, trending
northeast and southwest parallel to the strike and due to the
harder and coarser conglomerates. These ridges are separated
by wide, shallow valleys on the outerop of bodies of softer sand-
stones and shales. The ridges rise 150 to 200 feet higher than
in the red-shale region on the southeast side of the fault. Each
ridge is cut off to the northeast as the great fault crosses the
strike obliquely in its extension to the north.

LOCKATOXG FORMATION.

General character.—Above the Stockton formation is the
auccession of hard dark-colored shales and flagstones constitut-
ing the Lockatong formation. They consist of dark, gray to
hlack shales, which split readily along the bedding planes into
thin layers, but have no slaty cleavage; hard, massive, black
and bluish-purple argillite; dark-gray and green flagsione;
dark-red shale resembling flagstone; and some thin layers of
highly ealcareons shale.  There are all gradations between
these types, so that the varieties of individual beds are almost
countless. Some of the argillites are specked with minute
crystals of caleite and many faces of joint planes and cavities
are covered with deposits of the same mineral.  Minute erystals
of iron pyrites occur abundantly in some layers, but besides
these and the ealeite there are no secondary minerals. It was
formerly supposed that the dark Lockatong beds owed their
hardness and dark eolor to baking by the igneous rocks.  The
transition between the Stockton and Lockatong beds is through
a series of intermediate beds a few hundred feet in thickness
which might be classed with either formation.

Both ripple marks and mud eracks ocenr at all horizons in
the Lockatong beds, showing that shallow-water conditions
prevailed throughout the time of their deposition. On the
other hand, the absence of strong currents is indicated by the
extreme fineness of the material.

Distribution and loeal fealures—Owing to faulting, the
Lockatong beds ocenr in several areas. The first belt, com-
mencing three-fourths mile above Wilburtha, has a width of
about 1§ miles along the Delaware. The lower beds are
exposed at Savage’s quarry along the canal, and upper layers
are shown at Ayres's quarry, Somerset, and near the mouth of
Jacobs Creek. Small exposures occur along the canal between
these points, but there are extensive exposures in the high
banks and quarries on the Pennsylvania side of the river. The
southeastern margin extends northeastward through Sendders
Falls, Ewingville, Lawrenceville, and Princeton. The upper
limit is approximately parallel to the lower, the average width
of the belt as far east as Rosedale and west to Neshaminy Creek
being about 2 miles, North of Princeton the beds which can
be referred without any doubt to the Lockatong form a belt less
than a mile in width. As this narrowing is not due to dimi-
nution of dip it appears to indicate less thickness than in other
districts. Between the upper limit of distinctive Lockatong
beds in this area and the diabase of the Rocky Hill ridge,
three-fourths of a mile distant, there are some green and black
shales, which might well be assigned to the formation if it were
not that most of the intervening beds are soft, crumbly red shale
of characteristic Brunswick aspect, and no such thickness of
this material has been found in the Lockatong formation in
other areas. Near the diabase there arve pale blue-gray and
purplish-red shales, containing amygdules with secondary

" of Sourland Mountain.

minerals, the result of metamorphism by the igneous rock.
Unfortunately, exposures are lacking at many eritical points,
g0 that it was not possible to determine (a) whether the Lock-
atong beds rapidly diminish in thickness east of Rosedale
and north of Princeton owing to less material having been
deposited ; (&) whether the beds change lithologically along
the strike, so that the red shales between Princeton and the
diabase ridge are at the same horizon as the upper beds of this
formation farther west; or (¢) whether the upper part of the
Lockatong has been cut out by faulting.
erushed and contorted beds and slickensides are in favor of the
last supposition.

There are good exposures of the heavy-hedded black and
dark-green argillites at several points along Stony Brook below
Rosedale, and at the guarries of J. K. Brown and Stephen A.
Margerum, Princeton. Quarries along Millstone River south
of Kingston also show various horizons.,  East of the Millstone
the limits of the Lockatong formation ean not be determined
with aceuracy, owing to the more recent deposits which conceal
all outerops save along a few streams.  Hard black shale, inter-
bedded with red flagstones, is exposed in a small quarry along
the railroad 1} miles due east of Kingston. Along Lawrence
Brook below Davidson’s mills, 2 miles east of Deans, there are
also a number of exposures of the dense black argillite, An
outerop of argillite on the DBrunswick turnpike southeast of
Franklin Park is probably near the upper limits of the Locka-
tong beds in this vicinity, as the region to the north is under-
lain by soft red shale.

The Lockatong formation outcrops along the southeastern
side of the Sourland plateau, resting upon the narrow strip of
Stockton sandstone from Harbourton nearly to Skillman. The
outerop zone is about 13 miles wide, the dip being from 15° to
20° NW. It is bordered on the northwest by the wide out-
crop of diabase which constitutes the backbone of the plateau,
except from Delaware River to Snydertown, where an interval
is occupied by the softer red shale of the Brunswick forma-
tion. The latter shale is somewhat metamorphosed near the
igneous rock, so that in places it resembles the Lockatong beds.
Near Snydertown the diabase cuts down nearly at right angles
across the Brunswick and upper Lockatong beds, so that in the
region to the northeast the plane of intrusion is about 1760 feet
below the npper limit of the Lockatong formation.  Northeast
from Snydertown, therefore, the upper limit of the Lockatong
formation is found on the northwestern side of the diabase sheet
and about three-fourths mile from it.

Numerous exposures of the various beds of the formation
occur along all of the brooks which flow from the southeast side
No continuous sections are found, but

A few cases of

the outcrops are so numerous that the saccession of beds can
he ascertained by combining the observations on several
streams.  As in the case of the Stockton formation the individ-
ual beds change somewhat along the strike, both in color and
texture. Sections through Woodsville and southwest of that
place show a considerable thickness of hard red shale approach-
ing flagstone, interbedded with layers of black and green
shale. These red strata grade into black and green ghale and
argillite to the northeast along the strike, so that in a section
near Amwell the beds are almost entirely of the latter char-
acter and red layers are very few. Still farther northeast hard
red-brown ghale appears again, but not so extensively as in the
region to the southwest.

A small area of Lockatong formation lies between Delaware
River and Dilts Corner, bounded by two faults which have
brought it to the surface.  As the area contains several igneous
masses, it seemed possible that these rocks were metamorphosed
Brunswick shale, but they are unlike the altered beds near
igneous rock in other localities and their extent is in a measure
independent of the dinbase. They also grade downward into
the arkose sandstones of the Stockton formation.

The Lockatong formation outerops extensively on the Hun-
terdon plateau, in the region known as the “Swamp.” The
conditions which gave rise to this name are due largely to the
close texture of the rock and the heavy clay soil resulting from
its decomposition. Rapids and falls, which abound along
Lockatong and Wickecheoke creeks, have deeply incised the
margin of this platean. Hard dark-red flags are interbedded
with the black argillite and some of the more prominent beds
can be easily traced for several miles along the strike. This
has been done in so many cases at different horizons as to
render it almost certain that this belt is not traversed by
oblique faults of any magnitude.

Thickness.—The thickness of the Lockatong formation may
be as great as 3600 feet in the Sourland Mountain and Hunter-
don plateau areas, if' that region is not traversed by faults.
The formation near Ewingville and Princeton is apparently
only 1800 feet thick if the beds of predominantly dark mate-
rial are alone included.

Soil—The Lockatong beds give rise to a rather heavy, wet
clay soil. The surface is thickly strewn with slabs of argillite
and flagstone, and is generally rocky on slopes. Except in
places favorable to the accumulation of wash the depth of
the soil is generally less than 5 or 6 feet.



BRUNSWICK 3HALE.

Character.—The Brunswick consists of soft shales with local
sandstone layers. The rocks are predominantly red in color,
EIIl]'I,[_'II,I,"-_’;I! H | I'.E,"'\'l.' ]'I'I_'ll'l}lll_", ?_';]_'{_!l_"l]‘ J'l_"]ll:il"n'l.':l H“ﬂ] h]ii(:k ]EI}'G].'H OCCur.
In general there is presented a monotonous succession of soft
argillaceous red shales which crumble readily to minute frag-
ments, or split into thin flakes and give rise to a red clayey soil
of varying sandiness. Much of the shale is porous, many of
the minute, irregular-shaped cavities being partly filled with a
calearcous powder.
some layers.

Caleite veins and crystals are conamon in
Lenticular masses of green shale occur locally,
ranging in size up to a foot or two in diameter and varying in
shape from nearly spherical bodies to thin layers. Much of
the shale is micaceous and where mica is present in notable
amount the layers separate evenly along bedding planes. More
commonly, however, the rock breaks up into small, more or Jess
rectangular fragments.  Although the greater part of this for-
mation is soft red shale, there are some hard layers, chiefly near
the hase, consisting of beds of fine-grained sandstone and flag-
stones.

Abundant ripple marks, mud eracks, and raindrop impres-
sions at many horizons indicate that the materials were deposited
in shallow water or are subaerial accumulations. In some
quarries imprints of leaves and of tree stems, or the stems
themselves are frequently found. The numerous reptile tracks
which have made the Newark group famous oceur chiefly in
this formation.

As compared with the adjoining formations the Brunswick
shale iz soft and easily eroded, so that the region which it
underlies is distinetly lower and more nearly level than that of
the other formations.

Distribution—Within the Trenton quadrangle the Bruns-
wick shale ocenpies two broad belts, one erossing the Delaware
near Lambertville and the other near Washington Crossing.
Both extend northeastward with inereasing width and at the
northern end of Sourland Mountain, just at the northern edge
of the quadrangle, they unite to form the broad undulating
plain drained by Raritan River.

On the Delaware the exposures of the formation begin a
short distance above the month of Jacobs Creek and extend
almost continuously along the canal to Washington Crossing,
Beds to the thickness of 1700 feet are shown
in this section, including some harder red shales with hlack
layers just above the Lockatong formation.

11 miles above,

They extend
along the river nearly to Moore, where they are interrapted by
the diabase of Baldpate Mountain. Their northwestern limit is
the fanlt which brings up first the Lockatong and then the
Stockton beds, forming the southeastern part of the Sourland
plateau. The width of outerop near the Delaware and for
gome distance north is about 4 miles, but the area widens north
of Rocky Hill and oceupies the extensive rolling country from
Hopewell to New Brunswick and beyond.

A second belt beging on the Delaware just below Lambert-
ville, where the shale next the diabase has been much altered
and indurated. Its northwestern limit is at the south end of
the small diabase hill, Mount Gilboa, above Lambertville. It
extends north by east through central Hunterdon County, fol-
lowing the fanlt which has brought up the Stockton and Lock-
atong beds of the Hunterdon platean.  The lower or southern
limit of this belt follows the Sourland platean, the lower beds
forming the northwest slope of that highland.

Thickness—The thickness of the Brunswick shale is very
uncertain.  Only a portion of the formation oceurs in this
quadrangle, for in each belt the upper portion is cut out by a
oreat fault. Some evidence as to the thickness is afforded by
the -narrow diabase dike which extends continuously from
Sourland Mountain, near Rocktown, to Copper Hill, a distance
of 5 miles. The dike crosses the strike at an angle of 45°
and the thickness of the shale thus traversed is between GOOO
and 7000 feet. As the dike was intruded before the tilting
and fanlting its continuity is proof that the shale traversed by
it is not cut by faults along the strike. These beds are only a
part of the whole formation, and it is probable that the entire
thickness of the Brunswick beds is near 12,000 feet,

IGNEOUSs IROCKS,
CHARACTER AND DISTRIBUTION,

GENERAL RELATIONS,

The igneons rocks included in the Newark group comprise
intrngive sheets and dikes of diabase and extrosive sheets of
basalt. A few dikes of diabase and other rocks also oceur. The
principal igneous masses are in extensive sheets. The hasalt
sheets are conformable to the inelosing strata, but the diabase
intrusives, though approximately conformable for greater or
less distances, cut across the strata locaily.  The sheets vary in
thickness from a few inches to over a thousand feet. The
dikes are of various widths and most of them appear to be
connected with the intrusive sheets:

The extrusive basalts are contemporaneous in age with strata
in which they are inclosed. The intrusive rocks are younger
than the beds which they penetrate, but they may have been
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intruded deep underground at the same time that the basalts
were ejected on the surface.  As the infrusive rocks are over-
lapped by the Raritan formation they are pre-Cretaceous in
age, and the inclosing strata were deeply eroded before the
time of Raritan deposition.

DIABASE.

General features—The several large irregular sheets of
diabase as well as the dikes of the same rock in the Trenton
quadrangle appear to be parts of one general intrusion into the
sedimentary rocks and continuouns with that of the Palisades,
In the northeastern portion of the area the horizon of intrusion
is low in the Newark group, but at intervals to the south and
west it rvises and finally reaches the medizl portion of the
Brunswick shale. Owing to the faults and the failure of the
diabase to reach the surface in the intervals between outerops
it is not possible fully to ascertain the structural relations of
the various diabase masses. Doubtless they were fed by great
dikes, but no signs of such feeders appear at the surface.
Iixcept when changing horizon locally the larger masses have
a general trend parallel to the strike of the sedimentary rocks,
but their intrusion appears to be entirely independent of lines
of fracture or zones of flexure.

The strata adjoining the large diabase intrusions are exten-
sively altered, especially where they consist of shales, as they
generally do in this region.

Roely Hill—The sheet of diabase which has usually been
known by the name of “ Rocky Hill trap " extends from the
vicinity of Hopewell eastward to Lawrence DBrook, crossing
Millstone River at Rocky Hill. For the greater part of its
course it gives rise to a prominent ridge rising from 100 to 200
foet above the adjacent plains of red shale and presenting a
steep face toward the south. At Rocky Hill and for several
miles west it has an average width of a mile, but from Mount
Rose to its western termination it is very much narrower. It
ends about a mile southwest of Hopewell, at the fault a short
distance west of the Philadelphia and Reading Railroad. LEast
of Rocky Hill it bifurcates; one branch extending northeasi-
ward to the vieinity of Franklin Park dwindles into a dike and
disappears, and the other, passing under the southern side of
the Sand Hills, erosses the Pennsylvania Railroad at Deans,
east of which it soon passes under Quaternary and doubtless
also Cretaceous deposits.  Borings indicate beyond much ques-
tion that it is continuous underground with the dizbase of the
Palisades.

The diabase, a thick sheet intruded between the sedimentary
rocks, repeatedly crosses the beds, so that while at its west-
ern end it iz at a horizon high in the Brunswick shale, at
Rocky Hill it is near the base, and on Lawrence Brook it is
in the Stockton beds. For some distance, in the region north
of Prineeton, it appears to be nearly conformable to the inclos-
ing beds, which dip gently to the northwest. The thickness of
the diabase in this vicinity and to and beyond Millstone River
is about 1000 feet, which is the maximum amount.

The sedimentary rocks adjacent to the igneous mass are
everywhere extensively altered, the alteration consisting of the
hardening and darkening of the beds and the development of
varions secondary minerals. No exposures of contact were
ohserved, but the altered sedimentary rocks appear at many
points in the immediate vicinity of the diabase, notably at
Rocky Hill, in the railroad cuts southwest of Hopewell, and in
the old copper mine south of Griggstown. At the last place
the excavated material consists largely of altered shales con-
taining chlorite nodules (probably psendomorphs after cordier-
ite) feldspar, tourmaline, hematite, and small amounts of
various copper minerals. Some of the tourmaline and feldspar
oceur in small veins in the altered shales.

At Rocky Hill village there are excellent exposures of the
altered shales which overlie the diabase sheet. They are best
seen along the canal, north from the tollhouse. Just east of
the railroad station the fine-grained, dense upper surface of the
diabase is exposed, dipping 18° N., conformably to the shale
and sandstone in this vieinity. About a foot above the con-
tact is a fine-grained sandstone which has not been so much
altered as the overlying shale. The next exposures are some
distance higher, where some layers are drab or green in color,
are not very hard, and contain numerous small black nodules—
: Beds still farther from the diabase are an
extremely hard black argillite, characterized by more or less

perhaps tourmaline.

distinet nodules of an oily-appearing green mineral, which in
places is so abundant as to form thin sheets, the rock appearing
to be made up of black and green laminw. Still higher in the
series oceur green shaly sandstones and black, blue-gray, and
dark-red shales, some very hard, containing black nodules of
radiate structure, and others containing green nodules of epidote.

Om the supposition that here the diabase sheet conforms in dip
with the overlying shale, the latter has been greatly changed
through a thickness of 600 feet and traces of alteration are
found for over 200 feet higher. There is good opportunity for
studying the altered shale along the road from Rocky Hill to
Hopewell.

Traced westward the thickness of altered shale

above the igneous rock decreases at about the same rate that

the thickness of the diabase sheet diminishes. North of Cedar
Grove the highly altered beds are about 400 feet thick, and the
change in color can be detected for about 200 feet farther,
South of Hopewell their thickness is probably not more than
2000 feet at most.  The shales beneath the diabase have also
heen altered in much the same way as those above, but the
altered beds are not g0 well exposed and apparently are not so
thick.

Peantagton  Mouniain.—Pennington Mountain is a rocky
ridge which rises about 250 feet above the plains, 2 miles
northwest of Pennington. It consists of an irvegular sheet ot
diabase about 400 feet thick and 1} miles long, intruded in the
Brunswick shale. It cuts across the strata for at least a por-
tion of its course and is terminated on the west by the great
fault which brings up the sandstone of the Stockton formation.
No contacts of the sedimentary and igneous rocks are exposed,
but the former appear at various points in proximity to the
contact, showing extensive alteration.

Baldpate—Baldpate Mountain is a high ridge which rises
on the banks of Delaware River, at Moore, and extends for 3
miles to the east. Its top and north slope consist of igneous
rock which lies on Brunswick shale at approximately the same
horizon as the diabase of Pennington Mountain. It is possible
that the two masses are connected ul]{[(:rgrmm([, but at the sur-
face they are separated by outerops of unaltered red shale.
On the north side of Baldpate Mountain the diabase passes
heneath Brunswick shale which is in large part altered to a
hard, dark-colored rock. The contact is not exposed but it is
a very irregular one, crossing the bedding repeatedly, so that
in the northern portion of the area a thick mass of the igneons
rock extends nearly to Moore Creek. Here it is cut off by a
fault, which probably alse cuts off the diabase at its western
extremity. The exposures are, however, too indistinet for the
latter to be ascertained.

Jericho Mowntein.—Jericho Mountain is a videe rising from
200 to 300 feet above the red-shale area south and west of
Buckmanville, Pa.  Its erest and north slope consist of a sheet
of diabase intruded in the medial portion of the Brunswick
shale. This sheet may cross the strata for some distance loeally,
but in the main it is conformable and its curved course west of
Brownsburg is due mainly to the flexed strueture of the inelos-
ing shales. At its north end it appears to be cut off by the
fanlt passing just south of Bowman Hill. The diabase sheet
is probably thickest west of Brownshurg, where it is not far
from 200 feet thick. On the road southwest of Buckmanville
it is only a few vards thick, and, although thicker on the ridge
next west, it soon terminates in the shale slopes 11 miles south-
west of Buckmanville, apparently by thinning out. It is
probable that this sheet is the extension of the diabase of
Baldpate Mountain, the break in outerop being due mainly to
the fault.

The contact relations with the sedimentary rocks are not
exposed, but shale outcropping in the vicinity of the igneous
rock is greatly altered.

Bowman Hill- Belle Mowntain—DBelle Mountain in New
Jersey and Bowman Hill in Pennsylvania are two isolated
ridges due to the outerop of a sheet of diabase which crosses
Delaware River above Moore. The plane of intrusion is in
the upper portion of the Lockatong formation in New Jersey,
but to the west it rises a short distance into the Brunswick
shale. The east end of the igneous rock is not well exposed,
but to the west it thins out rapidly at about 1 mile northeast
of Buckmanville. The maximum thickness may be 250 feet,
but owing to the lack of decisive exposures no accurate measure-
ment could be made. The adjoining strata are much altered
for a short distance on both sides of the thicker portion of the
sheet, a feature particularly well exposed along Pideock Creek,
On the eust side of Belle Mountain dark
shale is exposed, but apparently it belongs in the Lockatong
formation, and but little of its color is due to alteration except
in the immediate vicinity of the diabase. In the quarry in
Belle Mountain a long fragment of gray sandstone is included
in the diabase. It has an average thickness of about a foot
and evidently has been torn from the beds adjoining the
intrusive rock.

Sourland Mountain.—The prominent flat-topped ridge known
as Bourland Mountain consists of a thick sheet of diabase and
flanking masses of altered strata. The diabage crosses Delaware
River a mile below Lambertville, and in Pennsylvania gives
rise to Solebury Mountain, which extends to the great fault a
short distance west of the Trenton guadrangle. Throughout
its course the ridge rises steeply about 200 feet above the
adjacent plaing, and in Sourland Mountain it widens into a
platean averaging nearly 4 miles across, with both slopes
approximately the same. The diabase outerop occupies the
center of this lJ];!te:m with an average width of slightly more
than a mile. West of the Delaware the ridge is considerably
narrower and the igneous rock constitutes the summit. The
diabase is a sheet, probably 800 to 900 feet thick in its maxi-
mum development, which has been intruded in the shale and
sandstone.  Adjoining Delaware River and for some distance
eastward it is in the lower Imrti:’;n of the Brunswick shale, but

near itz mouth,



near Rocktown it rises to a slightly higher horizon and then,
curving around to the north and east, descends several hundred
feet into the Lockatong formation, a total change in horizon of
about 800 feet. With the exception of this curious crescentic
offset near Rocktown, it preserves relatively uniform conformity
to the inclosing sedimentary beds, althongh doubtless it crosses
them to some extent locally. At its north end it appears to
terminate by rapidly thinning.

The strata inclosing the sheet dip to the northeast at angles
generally between 127 and 18°. The principal variations are
near the northeast end of the ridge, where the dip is only about
5°, eausing considerable widening of the outcrop, and along the
Delaware, where the amount iz about 22° A notable feature
in the structure of part of the Sourland igneous sheet is a com-
paratively greater inclination of the strata on its northwestern
flanks than that of the underlying beds and of those in the
plains to the north. This structure is most apparent between
the deflection near Rocktown and the northern termination of
the mountain. East of Ringoes the dips are at first 10° to 12
but southeastward up the slope of the ridge they progressively
increase to 25°.  On the eastern side of the ridge the dip 1s
about 12° thronghout. It seems probable that the increase in
dip indieates a wedge-shaped intrusion, as shown in structure
section A—A, but it is possible that it is due to a longitudinal
flexure.

The thickness of the Sourland Mountain diabase appears to
be generally near 700 to 800 feet, but along the Delaware the
amount is nearly 1500 feet if the sheet is not traversed by
faults. Its northern termination near Neshanic is due to thin-
ning out, but the means by which it increases in thickness
southward is not known; the increase may be due either to
wider separation of the inclosing beds or to rise of the plane
of intrusion across the overlying strata,

Contacts of the diabase with the inclosing strata were not
found owing to talus and wash on the slopes. The great
increase in hardness and darkening in color of the shales form
one of the most characteristic features of the ridge, and it is
owing to their hardness that the altered beds constitute so con-
siderable a portion of its flanks. This alteration extends at least
200 feet vertically above and 30 to 40 feet below the diabase,
and generally prevails in both directions for 500 to 600 feet. At
Lambertville and on the opposite side of the river, as deseribed
by Rogers, and near Rocktown, southeast of Ringoes, nodular
alteration produets are conspicuous in considerable variety.
The exposures at Lambertville are representative. The strata
in contact with the diabase are sandstones, dark gray in color
and moderately coarse grained, specked with numerous well-
developed tourmalines, some of which are one-half inch in
diameter. A few hundred feet higher are shales which are
compact and of dull purplish-gray color. They contain large
numbers of black to blue spherical nodules varying in size
from minute grains to those one-half inch in diameter and con-
sisting of some imperfectly formed material, apparently tour-
maline, in a semicrystalline state, locally surrounded by a crust
of nearly white material. These strata merge upward into red
sandy shale and sandstone slightly darker than normal and
containing numerous large spheroidal nodules of green epidote
up to an inch in diameter. They occur irregularly, but appear
to lie rudely parallel to the stratification.

Branches from Sourland Mountain sheel—Three dikes rise
from the upper surface of the diabase sheet of Sourland Moun-
tain and extend for several miles through the overlying shale.
The first starts 14 miles from Delaware River, ascends about
250 feet, and then extends parallel to the main sheet. It can
be traced by a line of low ridges and weathered fragments.
For much of the distance its width is not more than 20 feet,
but it is wider near the junction with the main diabase sheet to
the southwest. It unites again with the main sheet at the
horseshoe curve, over 3 miles from the starting point. The
intervening shales outerop at a number of places. The second
oftshoot starts at the bend of the diabase southwest of Rocktown
and extends continuously for 2 miles to Mount Airy. It
appears plainly in the road just south of that village. At the
point where it crosses the creek half a mile east of Mount Airy
it is hardly more than 18 feet in width and apparently vertical,
although the contact with the shale is not shown. The adjoin-
ing shale is very hard and is ashy gray or pale green in color;
some layers are marked by segregations of epidote. Other beds
are thickly specked with erystals of iron pyrites. Nearer the
main sheet the dike inereases in width, and to judge by the
amount and distribution of the débris, its width apparently is
hetween 50 and 60 feet. For much of the distance its course
is marked by a line of trees or bushes and uncultivated ground.
The third and longest dike starts from the main sheet three-
fourths mile northeast of Rockiown and ean be traced continu-
ously to a point nearly a mile north of Copper Hill, a distance
in a straight line of 5 miles. The slightly sinuous course of
the dike increases its length about half a mile. North of Cop-
per Hill station it is interrupted and offset a quarter of a mile
to the west, probably by a fault. Thence it continues, more or
less interruptedly, to Flemington, 2 miles distant. The copper
deposits found years ago near Flemington and Copper Hill
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occurred in the shale along this dike, and the explorations
then made indicate that the dike, even where interrupted on
the surface, is probably continuous below. Its width varies
congiderably, but for the greater part of the distance it is prob-
ably between 50 and 90 feet. Near the village of Union it
widens suddenly, and from this wider portion another narrow
dike extends a short distance toward Union. The dike ean be
readily traced by a slight rise of ground, a zone of disinte-
erated material, scattered large bowlders, and a line of trees
which have grown where the bowlders are thickest.

Dilts Corner.—A wide dike of fine-grained diahase extends
from Dilts Corner northward for nearly half a mile. It forms
a slight elevation and the ground is strewn with residuary frag-
ments in a zone which indicates that the maximum width of
the dike is about 200 feet. A small detached area of diabase
oceurs a few rods west of Dilts Corner and a narrow dike is
exposed in the bed of a stream one-third mile east of that
place. West and southwest of Dilts Corner a line of narrow
dikes lies parallel to the main Mount Gilboa mass but several
hundred feet east. .

Lambertville—On the top of the hill overlooking the ball
park at Lambertville there is a zone of weathered masses
of diabase about 80 vards wide and nearly one-half mile in
length, and a mile to the northeast there is a similar zone which
has a length of one-third mile and a width of about 100 yards.
Both are of coarse-grained diabase similar to that of Sourland
Mountain, and possibly are underground offshoots from it.
The surrounding shale is =o much contorted, altered, and
apparently faulted that the precise structural relations could
not be ascertained.

Glenmoore.—Near the barite mines, half a mile north of
Glenmoore, residuary soil of igneous rock occurs over a consid-
erable area and obscure exposures of disintegrated diabase occur
along the highways at several points. Whether there is here a
complex of dikes or a boss of igneous rock is difficult to deter-
mine. The barite occurs in veins traversing the decomposed
and fractured diabase and some of the fragments of it from the
dump piles resemble friction breccias. This diabase is near

" the great Hopewell fault, a branch of which may have caused

the shattered condition of the rock and its consequent deep
decomposition.

Franklin Park.—A mile northeast of Franklin Park the
presence of a narrow dike is indicated by the surface débris
and by a slight ridge 1} miles long. It is twice interrupted,
and each time slightly offset as if faulted, but no other evidence
of a fault could be found. Near its northeastern end, where it
crosses the road leading northwest from Franklin Park station,
its width is less than 20 feet. Three-fourths mile west by
south of that place it crosses a small stream, and is exposed in
ledges of fine-grained dense and hard blue-black diabase.
Farther west, in the timber, the ridge 1s especially distinet
and the width of the dike is nearly 150 feet. Nearer Franklin
Park its limits are indefinite. Its position suggests that it is an
eastward continnation of the prong of the Rocky Hill sheet,
which curves north and then east past Griggstown, almost to
Franklin Park.

(riggstown.—Three-fourths mile south of Grigestown there
are three somewhat widely separated intrusive masses which are
probably underground offshoots of the Rocky Hill sheet. Indu-
rated shale is found near the largest. A fourth mass oceurs in
a small grove 1} miles east of G rigestown. The rock is medium
grained and has altered the adjoining shales slightly.

New Hope—~Two dikes occur in Pennsylvania on the west
side of the fault south of Brookville. One, appearing in the
road in the limestone 14 miles south of the village, is short and
deeply disintegrated. Another larger dike intersects the arkose
and underlying limestone 3 miles northwest of New Hope,
beginning at or near the great fault.

Buckmanville—In the old baryta pit southwest of Buckman-
ville a breceia occurs, consisting of fragments of decomposed
diabase in a matrix of quartz and baryta similar to the breceia
north of Glenmoore. No structural relations are exposed, but
apparently the locality is on the line of the Hopewell fault.

Yardley.—The fault plane exposed in the railroad cut west
of Yardley station is occupied by a nearly vertical dike 5} feet
wide. The rock is completely decomposed in a yellowish
residual earth and could not be traced along the surface.

GABBRO.

Mount (iilboa consists of an intrusion of gabbro which
extends from the bank of the Delaware, 2 miles above Lambert-
ville, to the great fault north of Brookville. It is inclosed in
the Lockatong formation as an irregular sheet 500 feet or more
in thickness which probably cuts across the strata o a consider-
able extent. Along its eastern side there are several offshoot-
ing masses and a dike which lies at a short distance from the
main mass. Although the shales which adjoin the intrusion
are the dark-colored Lockatong beds, they are considerably
altered, as is shown by inereased hardness and by the devel-
opment of secondary minerals in the vicinity of the contact.
The precise contact was not observed, except in some indistinet
exposures on the road three-fourths mile northeast of Brookville.

SYENITH.

Occurrence—In the midst of the gabbro of Mount Gilboa
occur several small masses of dissimilar rocks which Mr. Ran-
some has found to be nepheline, hornblende, and mica syenites.
The nepheline syenite appears on the northwest edge of the
main igneous body, just below the forks of a little brook which
flows into the Delaware about one-fourth mile south of Brook-
ville. The exposure is not more than a few square yards in
extent and the contact with the ordinary fine-grained gabbro
which surrounds the nepheline syenite on at least three sides
was nowhere seen. Closely associated with the nepheline
svenite is a micaceous syenite, exposed in the bed of the little
brook above mentioned, just at the forks. Like the nepheline
syenite, this rock is apparently limited in its oceurrence to a
small mass, the exaet relations of which to the adjacent rocks
were not discoverable in the field. Near the south end of the
Mount Gilboa igneous arvea, nearly one-halt mile south of the
locality above described, there is a quarry in which a small
mass of hornblendic syenite and hornblende granite is inclosed
in the gabbro.

Relations.—No evidence was detected, either in the field or
through mieroscopic investigation, which in any way supports
the hypothesis that syenites are variations of, or immediately
derived from, the magma which cooled as gabbro. The syenites
are distinetly different from the gabbro which surrounds them,
and transitional facies appear to be wholly lacking. The
gabbro as a whole shows rather striking uniformity, and none of
the specimens afford suggestion of such extreme differentiation
as would be necessary for the production of rocks so rich in
alkali as nepheline syenite, mica syenite, or hornblende granite.
The syenitic masses, therefore, are either small dikelike intru-
sions in the gabbro, or else they are inclusions in that rock,
brought up bodily by the gabbro from some unknown terrane
below. The exposures were not sufficiently good to determine
which of these hypotheses is the true one, but on the whole
it seems most likely that the masses are included fragments,
hrought up in the gabbro magma at the time of its intrusion.

HASALT.

Flows—Near the western margin of the Brunswick shale
area, southwest of Sand Brook village, there are several masses
of igneous rock which are the remains of surface flows contem-
poraneous with the inclosing shales. There is a horseshoe-
shaped area of basalt and an outlying area, the form of outerop
heing due toa syneline which pitches northwest.  The northwest
part of the horseshoe is cut off' by the great fault which extends
north of Brookville. The dips of the surrounding beds vary
from 10° to 40°. The bazalt sheet in the eurved ridge has a
thickness of about 450 feet, but the configuration of its upper
surface is somewhat uneven and it appears to thin out near its
southwestern end. The outlying knob of basalt probably rep-
resents a second lava flow, although its struetural relations are
not well exposed.

There is ample evidence that the basalt is extrusive, for it is
conformable to the strata and its upper surface is everywhere
extremely vesicular. The lower portion is dense and fine
grained. At two places the overlying shale was found less than
3 feet and 1 foot above the basalt, presenting absolutely no
indication of induration, change of color, or development of
new minerals such as appear in strata adjoining the intrusive
sheets. One of these localities is along the road which crosses
the end of the southern extremity of the curved ridge and the
other is near the road crossing the northern extremity. At
hoth places red shale fills cavities in vesicular hasalt, and at
the latter place the shale is underlain by a thin layer of mixed
finely comminuted basalt, voleanie glass, and red mud. The
shale underlying the basalt is exposed at a few points near the
contact and presents no signs of alteration. The basalt, where
not vesicnlar and scoriaceous, is dark colored, dense, and fine
erained in texture, unlike the diabase of the intrusive sheets.

Dikes.—A long but narrow dike of basalt extends on an
easterly and northeasterly course from a point south of Hills-
boro to a point 2 miles southeast of Fast Millstone, a distance of
about 4 miles. Tt erosses Millstone River half a mile north
of Blackwells Mills, where it is finely exposed in the east bank
of the stream. Its width here is from 10 to 12 feet, and it
breaks across the shale at a steep angle. The contacts are sharp,
the one on the south side being nearly smooth and the one on
the north side somewhat irregular. The igneous rock is fine
orained and is traversed by cleavage planes rudely parallel to
the contacts. The shale is altered for several feet on either
side, the alteration consisting mainly of darkening to black,
gray, and dark red, in part in irregular blotches. A mass of
altered shale 5 feet long and from 1 to 2 feet thick is included
in the igneous rock. The dike gives rise to a faint ridge with
yellowish soil and numerous rounded masses of basalt, features
by which it is traceable to its terminations. At its east end it
bifurcates for a short distance.

Another long, narrow dike of basalt extends for 3 miles
along the red-shale slopes northwest of Sourland Mountain, It
has a northeast-southwest course parallel to that ridge and



passes a short distance west of Wertsville.  On the road just
south of Wertsville schoolhouse its thickness is about 2} feet.
Here it is conformable to the shale for a few feet, but it also
cuts across the bedding. The dike is traceable by scattered
fragments and red soil for some distance to the north and
south, but may not be continuous throughout the course shown
on the map. South and west of Wertsville the dike is thicker
and gives rise to a slight ridge. It appears plainly in the bank
of the brook a mile southwest of Vanlien Corners, where its
width is 35 feet. A short distance farther southwest it appears
in another brook, where it is well exposed with a width of 18
feet. It here cuts the shales vertically and has caused their
alteration to a slight extent for 1 to 3 feet on either side of the
dike. North of Wertsville the igneous rock thins to about 1
foot, and it disappears one-half mile west of the Somerset—
Hunterdon county line.

PFETROGRAPHY.

The igneous rocks of the Newark group in the Trenton
quadrangle are similar to those elsewhere characteristic of the
group, the intrusive sheets consisting mainly of diabase (dolerite)
with gabbroitic facies and the effusive sheets of basalt., Dikes
are mostly diabase, but a few are basalt and there are some
syenitic masses. The subjoined petrographic descriptions have
been furnished by F. L. Ransome.

DIABASE,

The diabase of the larger intrusive masses is in greater part
a moderately coarse-grained rock of light-gray color. Near the
contacts with the inclosing sedimentary beds, however, the
texture becomes nearly aphanitic and the dikes are entirely fine
grained. The texture as seen under the microscope is generally
ophitic. The principal constituent materials are labradorite
and augite, with accessory biotite, magnetite, apatite, in some
cases quartz, orthoclase, and olivine. The last occurs sparingly
near the top and bottom contacts of the sheets. The rocks are
in many places somewhat decomposed, the angite being altered
to uralite and chlorite and the plagioclase to calcite.

A representative specimen of diabase from a quarry at Rocky
Hill shows a typical ophitic aggregate of labradorite and pink-
ish augite with a little biotite, rather abundant magnetite, and
some apatite. A specimen from the quarry south of Hopewell
is similar in character but considerably decomposed. 1t appears
to have contained some original quartz. A detailed description
of the petrography of' the diabase near Rocky Hill is given by
Prof. A. H. Phillips (Am. Jour. Sei., 4th ser., vol. 8, 1899, pp.
267-285).  According to him, the biotite in this rock is entirely
secondary.

The following analyses are quoted from Dr. Phillips’s paper.
No. 1 represents rock about 420 feet from the upper contaet,
No. 2 is from rock near the middle of the mass, and No. 3 is of
a specimen from the lower contact band.

Anaiyses of dicbase from Rocky ML, N, J,

LA. H. Phillips, analyst.]

1. & 1
Guarry No, 8 | Quarry No. 2. Contaet band.,

80, 56, 78 50, 34 51, 40
| Tity, 1, 44 1, G 1. 06
| AlO, 14, 83 | 15, 28 13, 98
Fe,0, 576 | o 82 CTH
FeO D 27 11, 1% 8. 02
Mnt) 25 | .14
Cal 3,26 | 1, U 10, 49
| MgO . 5% 5. 81 7. 59
| Ma.0 8. 48 208 a0
| K.0 1.75 1.2 poo4
| P,0, .36 | .20 A7
| H, O above 110° C i L] LT Diried at
H,0 below 110° C .33 NINE 150°
100, 64 | 101, 60 101, U8

In the Pennington Mountain and Jericho Mountain rocks
the quartz, like the augite, occupies the angular spaces between
the partly idiomorphic labradorite, in places poikilitically
incloging crystals of the latter mineral.  Slender prisms of
apatite pass throngh both quartz and feldspar, and the quartz
is undoubtedly a primary mineral. Accordingly these rocks
should be classed as quartz-hearing diabase. There is consid-
erable decomposition in places, with development of sericite,
amphibole, and chlorite as secondary minerals.

In the rock of Baldpate and Belle mountaing the quartz and
orthoelase oceur intergrown as micropegmatite in little angular
spaces  between the feldspars, as in the well-known quartz
diabase of Rawdon, Quebec. The augite is partly changed to
uralite and chlorite, and the feldspars contain some sericite.

A sample of rock from Goat Hill, representative of the Sour-
land Mountain mass, contains considerable hypersthene and
accessory biotite, magnetite, and apatite. A sample of nearly
aphanitic rock obtained near the basal contact at Rocktown on
Sourland Mountain iz holocrystalline and between intersertal
and ophitic in texture. It is composed of labradorite, augite,
and olivine with a little biotite and magnetite. The olivine is
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partly changed to serpentine. This rock is an olivine diabase
very near an olivine basalt. An analysis of the rock from
Goat Hill given in the Geology of New Jersey, 1868, is as
follows :

Anelysis of diabase from Goal N, near Lamberteille, §. J.

Hiliea i o o b g ]
Iron (Fed). 12,2
Alninina 18. 8
Magnesin f, i
Lime ________ 80
Hoda ot . ! 1.1
Potash___. B
Water ___. 3 L9

sSpecifie gravity 2.05.

The dike near Mount .-"'Lit'}' is a dark g]vvl]iﬁh-h]:u*]{ :Lphunitiu
rock. The microscope shows that it is obseurely ophitic in tex-
ture and consists of approximately equal quantities of augite and
plagioclase with much less magnetite. The dike near Union is
typically ophitic; the labradorite is slightly in excess of the
angite and the proportion of magnetite is small.

The dike in the basal arkose and limestone 3 miles northwest
of New Hope is a bluish-black aphanitic diabase showing only
scattered dark erystals in a fine groundmass, The minerals
are augite, plagioclase, and magnetite. The texture is ophitie,
but the augite instead of being optically continuous occurs
in granular ageregates which fill the interstices between the
plagioclase laths, The angite and plagioclase are about equal
in quantity and there is very much less magnetite.

The dikes west and zouthwest of Dilts Corner consist of a
dark greenish-black aphanitic diabase composed of augite,
plagioclase, and magnetite. The augite is slightly greater in
amount than the labradorite, and the magnetite is in small
proportion. The texture is typically ophitic.

FABBRO.

The rock of Mount Gilboa is commonly dark gray in color,
of fine to medium grain, and of granular structure. A typical
specimen collected near the center of the area shows under
the microscope a hypidiomorphic-granular structure and is a
fairly fresh aggregate of labradorite, augite, hypersthene, quartz,
biotite, and iron ore. It is a fine-grained gabbro in which a
brown diallagic augite is intergrown with smaller quantities
of hypersthene and biotite. The quartz was the last mineral to
1-1':!.';-:tu]|1xg!, and is very subordinate in amount. Itisin places
micropegmatitically intergrown with a small amount of a dusty
alkali feldspar, probably orthoclase. The hypersthene is not
always present, and its place is locally taken by hornblende.
As the texture on the whole is granular rather than ophitie,
the name gabbro is an appropriate designation for the rock.
It differs from the diabase of the neighboring igneous masses
only in its granular structure,

NEFHELINE SYENITE.

The nepheline syenite in the small area southeast of Brook-
ville is a light-gray granular rock of medinm grain. Under
the microscope it exhibits a hypidiomorphic granular strueture
and consists of alkali feldspar, nepheline (ineluding its alteration
products), amphibole, biotite, canerinite, soda-lime feldspar,
muscovite, egirine-augite, apatite, titanite, and fluorite. A few
grains of magnetite are included in the amphiboles. Analcite,
usnally filling triangular spaces between the feldspars, is rather
abundant in some sections. It is probably wholly secondary.
Sericite is present as a decomposition product of the feldspars
and caleite occurs rather irregularly, usunally associated with
the analcite. The latter is also accompanied by a small (quan=
tity of a fibrous mineral which is probably natrolite.

All the feldspars show a gray turbidity similar to that which
is so common a feature of syenitic rocks. The nepheline
originally occupied areas between the feldspars, in part of trian-
gular form, but it is almost wholly decomposed and replaced by
fine aggregates of secondary produets or by transparent areas
of analeite. The amphibole, which is black in the hand
specimens, agrees in its optical character with the hornhblende
common in many nepheline syenites.  Much of it is intergrown
with biotite, the latter commonly forming an outer fringe or
horder to the amphibole. More rarely it is intergrown with a
pyroxene which is apparently an mgirine-augite; but the
latter mineral is nowhere abundant and is wholly lacking in
some thin sections. The biotite possesses no features of
special interest beyond a tendency toward poikilitic structure
and numerous intergrowths with amphibole.  Canerinite, which
is a rather conspicnous constituent in some thin sections, is
clear and colorless, and it oceurs in irregular areas or in forms
partly idiomorphic in the prism zone. Muscovite (including
serieite), for the most part plainly secondary, forms a consider-
able part of the fine-grained aggregates which now represent
the nepheline.  Apatite is a moderately abundant aceessory in
slender prisms up to a millimeter in length. Titanite occurs
in small erystals and grains but is not abundant. Fluorite
occurs sporadically in nests with caleite and analeite and is
without much doubt secondary. A chemical analysis of the
nepheline syenite follows:

Analysiz of nepheline syenite from Krookville, N, J.
[George Btelger, analyst, ]

o [ e A L 54, 68
B e e e T R W e 21, 63
e CFEARRENT, S e e, R et P S o 09
1557 A R0 T T R ST O B Pl ok e S it s 2,00
1 0T Fote 0 2O Sl el e i T g S S e 1,25
CERGONES S e A= e B e o L0 e T e S e . 2, 86
Nag (... o o e B W o Yk o R T, 05
K.,0__ PN 4, 68
Water above 100° C_ Y 1,88
Water at 100° 2 L AT
PG Gk T BCTINY < L1 -
COy .. A : g fegtetc. None.
P.0, - -]
Ul .. . None.
MnQ Trace.
Ba( L5
¥ .22
B0, : 07
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Lesz () i . g

08, 72

MICA SYENITE.

The mica syenite from the small area southeast of Brook-
ville is a gray medinm-granular rock which in hand specimens
ghows abundant biotite, apparently some amphibole or pyr-
oxene, and both white and pinkish feldspars, The pinkish
feldspar is unevenly distributed and shows a tendency to gather
in small, ill-defined, veinlike segregations or streaks.

Under the microscope the rock exhibits a hypidiomorphie-
granular structure and is seen to consist of alkali feldspar, bio-
tite, pale-green diopside-like pyroxene, with accessory apatite
and iron ore, and considerable secondary chlorite, caleite, and
sericite. The feldspars are generally turbid and partly decom-
posed to sericitic aggregates. The biotite is in the main fairly
fresh, but some of it is partly chloritized. The pyroxene is
largely altered to caleite and chlorite. In some specimens no
pyroxene is recognizable; in others there is a green amphibole
which may be more abundant than the pyroxene.

HORNBLEXNDE SYKNITE.

The hornblende syenite occurring in the gabbro mass of
Mount Giilboa is a coarse-grained and slightly microlitic
ageregate of flesh-colored feldspars and rather bleached-looking
fibrous green amphibole. The feldspar and amphibole both
show a tendency toward prismatic development, and some
cleavage faces of the former are zeen under the lens to be
finely striated.

The microscope reveals a hypidiomorphic-granular aggregate
of alkali feldspar, amphibole, and a little quartz. The alkali
feldspar is turbid with the usual brown dustlike particles, and
is besides usually full of wisps of secondary sericite. Some
acidie soda-lime feldspar (oligoclase) may possibly be present,
but the bulk of the feldspar is probably an alkali feldspar
identical with or closely related to anorthoclase. The amphi-
bole is pale yellowish green and xenomorphic. Some of it is
compact, but as a rule it is fibrous. Quartz is subordinate as
irregular clear grains between the feldspars. Apatite in stout
colorless prisms is a fairly abundant accessory constituent.
Titanite occurs generally as rounded or irregular grains and
there is a little magnetite, associated with the amphibole.

HORNBLENDE GRANITH.

The small mass of hornblende granite included in the gabbro
of Mount Gilboa is a medinm-granular dark-gray rock, in
which the feldspars are brownish in color and show a tendency
toward prismatic development. The dark constituent, appar-
ently dark-green hornblende, is fairly abundant in rather
irregular prisms. A little dark mica is also visible in the
hand specimen.

Under the microscope partly idiomorphic sections of decom-
posed feldspar and irregular plates of amphibole are geen to lie
in a sort of groundmass composed of quartz and feldspar
micropegmatitically intergrown.  The idiomorphic feldspar
appears to be in part at least an acidie oligoclase, while that in
the groundmass is doubtless an alkali feldspar closely related
to soda orthoclase or to anorthoclase, althongh it may be in
part ordinary orthoelase. The quartz is all more or less inter-
grown with feldspar but shows some homogeneous patches of
considerable size.

BASALT.

The basalt of the flow southeast of Sand Brook is gray and
compact, showing minute feldspar laths and augite grains on
freshly fractured surfaces. In thin sections the component
minerals are seen to be labradorite, augite, magnetite, apatite,
and glass. The texture is almost typically intersertal and the
rock is a common basalt. Much of it is vesicular and near the
surface is deeply decom posed.

The rock of the Blackwells Mills dike is compact, dark gray,
and nearly aphanitic. Specimens from three localities showed
under the microscope an intersertal aggregate of labradorite,
augite, magnetite, apatite, and glass. The magnetite forms
delicate skeleton crystals in the glassy base. The rock orig-
inally contained small phenoerysts of olivine which are now
altered to a yellow serpentine. It may therefore be ealled



an olivine basalt, although the olivine is not abundant. An
analysis of this rock given in the Geology of New Jersey,
1868, is as follows:

Analysiz of basall from dike of Blockwells MWills,

Biliea ... Lyt . &0, 4
Iron oxide (Fa(l) 12.5
Almninga. 15,5
Magnesia G, (v
Lime 11.2
Boda._ 1.1
Potash 3 2
Water : a7

L0, 4

Epecifie gravity 2.096.

The Westville dike consists of a nearly black aphanitic rock,

which under the microscope is found to be a basalt. It con-

tains no olivine and its only noteworthy feature is the rather

curious way in which the plagioclase laths are intergrown with
prisms of augite.

COASTAL PLAIN AREA.
By Wa, Buriock Crang, H. B. KDxugs, and B L. MiLLes.

GENERAL STATEMENT.

The geologic formations of the Coastal Plain area represent
a nearly complete sequence from Cretaceous to Recent. They
form a series of thin sheets which arve inclined slightly toward
the southeast, so that successively later formations arve generally
met in crossing the district from the inland border of the region
to the coast. Variations in the angle and direction of tilting,
ag well as later denundation, have occasioned in some places
marked divergences from these normal conditions, These
variations, however, are most pronounced along the western
margin of the belt, where, as the result of transgression, it is not
uncommon to find one or more formations lacking in a given
district. ~ As the result of denudation, detached outcrops like-
wise appear along the western margin of the several formations,
at times far removed from the main body of the deposits.
These various factors must of course be worked out for each
individual district and their relations in the Trenton region
will be discussed later.

CRETACEOUS EYSTEM,
GENEEAL STATEMENT.

The Cretaceous deposits of the Trenton region represent por-
tions of both the Lower and Upper Cretaceons. Beyond this
distriet still older Cretaceous deposits have been recognized
southward in Maryland and Virginia. In general the Upper
Cretaceous formations are best developed in New Jersey and
the Lower Cretaceous in Maryland and Virginia.

The Lower Cretaceous deposits of estnarine origin were
described by MeGee as the Potomae formation, but they are
now known fo represent several stratigraphic units. As the
type of deposition was much the same through the entire
succession of deposits, the name Potomace group is retained to
designate them as a whole. Of the four formations into which
the Potomac group is divided only one, the Raritan formation,
is known with certainty to occur within the confines of the
Trenton quadrangle. Overlying the Raritan formation are
transitional beds that from their fossil remains at more northern
localities have been referred to the base of the Upper Creta-
ceous. The deposits themselves contain materials that ally
them in part with the overlying and in part with the underly-
ing formations. They were evidently marine in the vicinity of
Raritan Bay, but no marine fossils have been observed south of
Burlington County and it is evident that they were estuarine
from that region southward into Maryland. They have been
designated the Magothy formation.

The Upper Cretaceous deposits of strictly marine origin were
referred to by the older writers as the Clay marls and the
Greensand marls, the mineral glauconite oceurring in greater or
less amounts in all of the formations. The lithologic features
of each formation are in general sufficiently distinetive and per-
sistent to render the determination of the several horizons, even
in the absence of fossils, a relatively easy task. Four major
subdivisions, the Matawan, Monmouth, and Rancocas groups
and the Manasquan formation, are recognized in the Trenton
quadrangle.

LOWER CRETACEOUS SERIES.

PEFrOMAC GROLU.

The Potomac group of the Coastal Plain consists of highly
colored gravels, sands, and clays which outerop along a sinuous
line extending from New York to Richmond and passing
near the cities of Philadelphia, Wilmington, Baltimore, and
Washington. In Maryland, where the Potomae deposits are
best developed, four formations have been differentiated, viz,
from below upward the Patuxent, Arundel, Patapsco, and
Raritan. The two older formations, of questionable Jurassic
affinities, and the Patapsco are not known to occur in the
Trenton area.

RARITAN FORMATION.
Avreal distribution.—South of Trenton the Raritan formation

occupies a belt along the valley of Delaware River, but for the
Trenton.
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most part it underlies the river or is covered by Pleistocene
deposits on the New Jersey side of that stream. Northeast of
Trenton it extends toward New Brunswick in a belt bordering
the Triassic rocks, but it is almost entirely covered by the
Pleistocene sand and gravel. North of Monmouth Junction
two outliers rest upon the Triassic shale and diabase at eleva-
tions ranging from 160 to 300 feet. The best exposures are
those at the base of the bluff at Florence on Delaware River, in
the elay pits sontheast of Trenton, and in the road euts crossing
the Sand Hills outlier.

The Raritan formation continues beyond the limits of the
quadrangle northeastward to Woodbridge and Perth Amboy, on
the shores of Raritan Bay and beyond. Southwestward it
extends along Delaware River, across Delaware to the head-
waters of Chesapeake Bay in Maryland, and thence sounthward
to the Potomac River valley, where it finally disappears beneath
the cover of later deposits.

The outerops of the formation are more extensive in
New Jersey than toward the south, where the late Cretaceous
and Focene deposits gradually transgress the upper beds until
they come to rest directly upon the Patapsco formation in
southern Maryland and Virginia. .

Lithologie character—The Raritan formation is somewhat
variable in character, consisting chiefly of light-colored sands
and elays, the former in places highly ferruginous and locally
forming a firm ironstone. In general the deposits are not so
highly colored or variegated as those of the Patapsco formation,
though they not uncommonly contain beds of red-mottled clay.
In composition, they are extremely variable, the sandy layers
being in many localities replaced within short distances by beds
of elay. Cross-bedding is common in the sands and no section
can be considered as typical except within very narrow limits.
In the vicinity of Raritan River, where the most complete sec-
tion of the beds has been found, there is an evident preponder-

ance of elay in the lower half and of sand in the upper half of

the series. In the Sand Hills white and mottled clays ocenr at
the base, overlain by 80 feet or more of coarse, highly colored
quartz sand not uncommonly cemented to a firm ironstone. At
Haedrick’s pits, near Florence, 40 to 45 feet of bluish and
reddish elay (Raritan) are exposed beneath white and yellow
gands and laminated black and brown clays (Magothy).

Paleontologic character—The fossils of the Raritan formation
consist largely of plant remains which have been recognized in
many different localities in New Jersey. The known flora
of the formation includes about 170 species, including one
thallophyte, ten ferns, six eycads, eighteen conifers, and one
monocotyledon, the remainder being dicotyledons distributed
among many genera, gome of which still exist. No foesil
plants of Raritan age are known within the area of the Trenton
quadrangle.  The known fauna is very scanty, consisting of a
few mollusks, some of which are brackish-water types and
two of which are typically marine, a plesiosaurian bone, and
possibly an insect.

Thickness—The thickness of the deposits is somewhat vari-
able, owing to the irregular surface upon which they are laid
down. At the outerop the formation is evidently from 200 to
250 feet thick, but it thickens toward the southeast beneath
the later formations and in places has been penetrated in well
borings to a depth of more than 500 feet, although part of the
latter may represent the Patapsco and possibly even the Patux-
ent formation. Owing to the cover of Pleistocene materials
only a small part of the Raritan is represented by outeropping
strata in the Trenton area.

Name and correlation.—"The Raritan formation was so called
by Clark from the typical development of the deposits in the
valley of Raritan River. The flora of the Raritan is highly
characteristic, with its large proportion of dicotyledonous forms,
and affords the basis for a correlation of the deposits on pale-
ontologic grounds. Ward considers that the Raritan flora
represents for the most part the late Lower Cretaceous and is
therefore approximately equivalent to the Gault of England.
Berry, on the other hand, suggests the probability of the flora
being Cenomanian and thus Upper Cretaceous.

Stratigraphie relations.—Within the area of the quadrangle
the Raritan rests unconformably upon the floor of ancient
crystalline rocks which outerop along Delaware River as far as
Trenton and thenece at intervals northeast to Princeton June-
tion; upon the later rocks of the Triassic from Prineceton
northeastward ; and perhaps to the southeast (down the dip) at
undetermined points upon Patapsco deposits.  That the forma-
tion onee extended farther to the northwest and considerably
overlapped the Triassic is shown by the outliers north of Mon-
mouth Junetion.

The Raritan formation is unconformably overlain by the
Magothy formation and, where outerops at the contact are
found, the line is for the most part sharply defined, although
an exception to this occurs where dark-colored carbonaceous
beds are present at the top of the Raritan,

The deposits strike from northeast to southwest. They
dip to the southeast at an average rate of 40 to 50 feet per
mile, the inclination of the basal beds being steeper than that
of the upper. '

UFFER CRETACEOUS SERLES.
MAGOTHY FORMATION.

Aveal distribution.—The Magothy formation oceurs as a
narrow belt east of the Raritan formation but appears at the
surface only in small detached outerops where the Quaternary
cover has been removed. The best exposure is found at Flor-
ence, where a thickness of 25 feet is shown between the Raritan
clay below and a thin cap of Merchantville strata above.
It is also well exposed at the brickyards between Kinkora and

jordentown, and at various points in the bluffs along Delaware
River and Crosswicks Creek.

Jeyond the limits of the quadrangle it has been identified
from the shores of Raritan Bay to the District of Columbia,
where it finally disappears beneath the cover of later deposiis.

Lithologie eharacter—The Magothy deposits are very varia-
ble, consisting of alternating beds of dark clay and light sand,
the latter locally reddish or brownish. The clays are for the
most part strongly laminated and commonly lignitic; near
Raritan Bay, where they carry a large marine fauna, they are
in places slightly glauconitic.  The carbonaceous eclays are
locally filled with minute particles of lignite that give them
a somewhat spotted appearance. They are in places micaceous
ﬂ“l:l. iare tl]l:'!i] ]]'Di I_III.I‘IICL" HOme [:lr 1,.]!!{: ﬂ\'ﬂ[’lj'ilﬂg j'l[il,til,“'iill ll_if'_fdsj,
but are usunally readily distingunished from the higher beds
by thin seams of white sand which separate the clay layers.

Segregation of the ferruginous matter, usnally somewhat
evenly distributed through the sand, has occurred in several
places, producing irregular iron erusts in many fantastic shapes.

Paleonlologic characler.—In this quadrangle the only organic
remains thus far recognized in the Magothy are leaf impressions
in the thin laming of drab clays that alternate with layers of
sand. The impressions are mostly fragmentary, but at Kinkora
Berry collected the following species just below the Matawan
contact (Geol. Survey New Jersey for 1905, p. 139): Carer
clarkii, Gletehenia saundersii, the cones of ."_'p'{:-rf:w;ﬂ, gracillima,
and Helerofilicites anceps.  All of these arve forms which
oceur at other localities within this formation in New Jersey.
At Clifftwood Point, on the south side of Raritan Bay, New
Jersey, beds of this formation have yielded a considerable
flora and a marine fanna. The animal remains deseribed by
Weller (Geol. Survey New Jersey, Paleontology, vol. 4, pp.
$3-42) were found mainly in smooth coneretionary nodules in
i (‘!.iitj.' I]{_H] or l}'i“g ].'D'I.FIHL’. (1 ”l{ﬁ I}(‘l«'-l(‘.il:, “"I]l’_‘!]'{_‘: rIIL‘::.’ wenrs t{_‘:'ﬂ' h&?
the erosion of the clay beds that originally contained them.
The fauna iz characterized by the presence of great numbers of
crustacean remains.  Some portion of a erab seems to have been
the nuclens about which almost all the nodules were formed.
Pelecypods, gasteropods, and cephalopods also oceur. The
most abundant forms are the following: Among the pelecy-
pods, Triganavca lriguelra, Leda cliffwoodensis, Pleria petrose,
Nueule pererassa, Yoldia eliffwoodensis, Isocardia eliffwoodensis,
Cymbophora lintea, and Corbula bisuleata ; among the Crustacea,
Tetracarcinus subgquadratus.  These ave of considerable impor-
tance, since they are the earliest marine fossils found in the
deposits of the Atlantic Coastal Plain, if the marine forms from
the Raritan be t*.::::v]:h-:]. Weller states that the :Iﬁ.*strinhh‘lj_{u of
forms constitutes a distinet taunule of 43 species, of which 14
do not oceur in other formations in New Jersey. Of the
remaining 29 forms which have a wider range, a larger number
ocenr in the Woodbury and Wenonah formations than in the
Merchantville, which immediately overlies the Magothy.

The flora of the Magothy formation (formerly known as the
“Cliffwood clay”) studied by Berry at Cliffwood Point® is
notably varied, over 100 species having been described. Many
of the speciez oceur also in the Raritan formation, but most
of them are new or are characteristic of later formations else-
where. The most common fossil plants of that locality are
the imperfectly petrified cones of Seguoia gracillima. Other
common species are Cupninghamiles  squamosus, Doamoanara
eliffwoodensis, and Sequota veichenbachi.  Berry and Hollick
state that the flora of these beds show Cenomanian character-
istics, while Weller has pointed out that the fauna is more like
the Senonian.

Thickness,—The thickness of the Magothy formation in this
region iz about 30 feet, but it increases to the north, where it
reaches about 150 to 175 feet on the shores of Raritan Bay.
In southern Maryland it is not more than 20 to 30 feet.

Name and correlation—The Magothy formation, so named
by Darton from the typical development of the deposits in the
valley of Magothy River, Maryland, can be traced almost con-
tinuously except for the cover of Pleistocene materials, from the
valley of Raritan River southward to the western shore of
Chesapeake Bay. It changes somewhat in character southward,
and the marine fossils of the north have not thus far been
observed to the south of Burlington County, N. J., although
the alternating clays and sands with their lignitic beds persist.
A more or less constant characteristic of the clays is the pres-
ence of iron nodules, many of which are fossiliferous,  Most of
the beds here classed as Magothy were formerly included in
the Raritan.

4 Bull. New York Bot, Garden, vol. 3, No. 8, pp. 45-108; Bull. Torrey Bot.
Club, vol. 81, pp. 67-52; vol, 82, pp. 4345,



The flora of the Magothy presents a much more recent aspect
than that of the Raritan. Only 37 per cent of Raritan forms
have been deseribed from the Magothy formation and these not
of the oldest and most characteristic types. Many later forms
appear, and the flora as a whole is regarded by paleobotanists
who have examined and described the specimens as showing
Cenomanian aflinities. :

The fauna consists mainly of marine molluscan shells, erab
elaws, and shark teeth. It is the lowest appearance of a fauna
which recurs in the Woodbury, Wenonah, and Redbank forma-
tions. Weller considers that it possesses close affinities to that
of the Ripley beds of the south, and that it is thus allied to the
Senonian of Europe.

MATAWAN GROLUT.

SUBDIYVISIONS.

The strata included in the Matawan group were regarded by
Clark as constituting a single ' formation (composed of two
members—the “Crosswicks clays™ and the “ Hazlet sands™) to
which he applied the name Matawan because of its typical
development along Matawan Creek in Monmouth County, N. J.
The geologists of the New Jersey State Survey, however, have
subdivided it into five members, which are regarded as distinet
formations for this area. The fifth formation, the Wenonah,
while paleontologically distinet from the overlying Mount
Laurel, is not sharply so lithologically, and it is, therefore, com-
bined with that formation in the Trenton region for mapping
purposes and will be discussed in connection with the Mon-
mouth group. To the south these divisions gradually disappear
and the Matawan strata in Maryland constitute a single unit
of very constant lithologic character.

The five formations in New Jersey that are believed to be
the correlative of the single Matawan formation of Maryland
are the Merchantville and Woodbury elays, the Englishtown
sand, the Marshalltown formation, and the Wenonah sand.
All of them outerop in the Trenton quadrangle, the first four
being separately represented on the maps.

MERCHANTYILLE CLAY.

Aveal EEJ‘I}!fJ'i‘fHIJ;ﬂti.,—{}uli_‘.l"(}l_ﬁj of the Merchantville {1]“1.' ocenr
in a northeast-sonthwest belt from one-half mile to 2 miles in
width. In the vicinity of Bordentown thiz belt lies close to
Delaware River, but above and below that place it lies some
distance away because of the changed course of the river.
Exposures are most commonly found along the steep slopes of
the tributary streams.  The formation is well exposed, in whole
or in part, at the brickyards at Kinkora, at Fieldsboro (only the
bazal layers), at Bordentown, and in the banks of Blacks
Creek, Crosswicks Creek, Doctors Creek, and Assanpink Creek.
On the south bank of Blacks Creek and three-fourths mile east
of Fieldsboro the entirve formation is shown with both bagal and
upper contacts cxljufsud, Its contact with the ]n];tgmh:.' is also
seen at the Kinkora and Fieldsboro brickyards and in the bluff
at Florence.

Lithologic character—"The Merchantville eclay, the lowest
member of the Matawan group, is a black, glauconitic and
micaceous clay, which is usually greasy in appearance and
commonly massive in structure, particularly in the lower por-
tion; the upper part is more sandy and is in places dis-
tinctly laminated. The upper and the basal portions of this
bed are commonly mueh more glauconitic than the middle part,
and have at times been dug for marl, although their use for this
purpose has not been extensive. The glauconite is unevenly
distributed, occurring commonly in patches rather than as
disseminated grains. It iz entirely absent at some horizons.
Locally small pebbles ocear very sparingly in the basal portion.

The weathered portions of this formation are very character-
istic.  Where marly, they form an indurated cinnamon-brown
earth, in which the small black unweathered grains of marl are
comspicuous.  Where more sandy, the weathered portion has a
peculiar “ pepper and salt” aspect. The weathered part of the
nonmarly portion is less characteristic and is in some places a
light chocolate-colored clay, resembling the weathered part of
the next higher formation.

The base of the Merchantville clay is a sharply marked
stratigraphic line, readily recognized wherever exposed and
easily traceable throughout the area in which it outerops.
The underlying Magothy strata consist mainly of loose coarse
lignite-bearing sand or finely interlaminated sand and clay,
with the npper sandy layers not uncommonly cemented to form
an ironstone. The contrast between these materials and the
overlying Merchantville black marly elay or its weathered
equivalent is a striking one. The upper contact of the Mer-
chantville formation is much less distinet, but the transition to
the overlying Woodbury elay is generally accomplished within
1 to 3 feet, and where exposures are fresh there is rarely any
question as to where the division between the two formations
should be made.

Paleontologic chavacter.—The Merchantville fauna is a large
and varied one (102 species), and is characterized by the
abundance of Axines subaustralis, Cuenlles andvosa, Cardinm

fennistriatum, Turvitella mevehantvillensis, and .?"'-ru.w‘l.lmr.f decisa,
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species which are conspicious for their absence or great rarity
both in the underlying beds of the Magothy and in the super-

jacent formation, but which recur more or less commonly in

the Marshalltown and Navesink formations above.

Thickness—The greatest observed thickness of the Merchant-
ville elay is about G0 feet, the entire bed being exposed three-
fourths mile east of Fieldshoro, along the road erossing Blacks
Creek.

Neame and corvelation.—The formation receives its name from
the town of Merchantville, in Camden (lmnt}', N. J., which 1s
underlain by beds of this age. It represents the lower part of
the ““ Crosswicks clays,” the lower of the two members of the
Matawan as deseribed by Clark in the reports of the New Jersey
Geological Survey, and forms the base of the Clay-marl series
of Cook.

Stratigraphie relations—The Merchantville clay rests upon
the Magothy formation and is overlain by the Woodbury clay,
with which it is conformable. The contact of the Merchant-
ville and Magothy formations is exposed on the south bank of
Blacks Creek due south of the center of Bordentown, in the
brickyards at Kinkora, and at Haedrick’s pit, Florence,

[n the region of outerop the Merchantville is throughout
much of the area unconformably overlain by deposits of
Pleistocene age.

WOODEBEURY OLAY,

Areal distribution.—"The Woodbury clay outerops in a narrow
belt lving just southeast of the Merchantville line of outerop.
There are good exposures near Three Tuns, along Blacks Creek
above Dunns Mills, along Crosswicks Creek and its tributaries
above Crosawicks and at Braislin’s brickyard, and along Rocky
Brook near Hightstown. Northwest of Rancocas an extensive
area of the Woodbury elay is slightly covered by wash from
later deposits. At an abandoned brickyard a mile west of
Rancoeas the elay contains large masses of limonite, which
Beyond the Trenton area the
Woodbury clay has been differentiated entirely across New
Jersey with no striking change in lithologie character, fauna,
or thickness.

Lithologie character—The Woodbury formation is composed
primarily of a thick bed of clay. It is somewhat micaceous,
black in color, not sandy in the lower portion but slightly so in
the npper part, where it is distinetly laminated. It does not
contain glauconite except perhaps at the very base and locally
to a slight amount in the extreme upper portion, and, in this
respect, it is to be distingnished from the Merchantville clay.
It weathers to a light-chocolate eolor, and when dry breaks

traverse it in all directions.

into innumerable blocks, large and small, frequently with a
conchoidal fracture. In its lower portion it is penetrated by
numerons joints, which, in some localities, ave smoothed and
polished. Many of the joints are filled with crusts of limonite,
which locally form large honeycombed masses many feet in
In fact, all gradations ean be
found between these large masses and films of limonite coating
joint faces.

I;itlmlugicully the Woodbury is I'L'E!:iE]y differentiated from
the Merchantville by its light-brown color where weathered,
its usual lack of glauconite, and its numerous joints. The
transition to the overlying Englishtown sand is comparatively
abrupt, through beds rarely more than 2 or 5 feet thick.

Paleontologic character.~The Woodbury clay containg an
abundant fauna, 95 species having been recognized by Weller,
Lingula subspatulala, Yoldia longifrons, Lucina erelaceq, and
Cyprimeria cretacea ave the most characteristic forms. The
facts that not one of these forms has been seen in the Merchant-
ville formation and that the several abundant forms of the
Merchantville are exceedingly rare in the Woodbury show a
faunal as well as a lithologie difference between these forma-
tions. The Woodbury fauna has more in common with that
of the Magothy and Wenonah than it has with the Merchant-
ville fauna below or the Marshalltown above.

Thickness.—The thickness of the Woodbury clay is about
o) feet.

Name and corvelation.—The formation receives its name
from the town of Woodbury in Gloucester County, N. J. It
was s0 designated because of the good sections formerly exposed
in the railroad cut at that place. It represents the upper part
of the Crosswicks clays of Clark, described in the reports of the
New Jersey Geologieal Survey, and forms part of the Clay-
marl series of Cook.

Stratigraplic relations—The Woodbury formation rests

diameter and tons in weight.

upon the Merchantville and is overlain by the Englishtown,
with both of which it iz conformable. Similar to the other
Cretaceons formations of the region, the Woodbury in the
regiom of its outerop is in many places uneonformably over-
lain by Pleistocene deposits.

ENGLISHTOWN 2AND.
Areal  distribufion.—Within the Trenton quadrangle the
Englishtown sand appears as a series of outerops from Rancocas

to Allens. In its wider distribution it has been recognized
from Atlantic Highlands to Salem County. Owing to the

cenerally loose, incoherent character of the materials composing
the formation, fresh exposures are speedily washed down and
obzeured. It covers considerable areas near Mansfield, Colum-
bug, and southwestward, but deep exposures are not common.
Steep stream banks and fresh-cut gullies usually afford the
best chanees for observation, but these often change from year
to year. Good opportunities for studying the formation can
usnally be found along Crosswicks Creek and its tributaries
near Extonville and on Assanpink Creek near New Sharon.

Lithologic character.—This Cretaceous formation is a con-
spicuons bed of white or yellow quartz sand, slightly mica-
ceous and with minute amounts of glauconite. It is in some
!}]:11'{*5 marked |:|j' delicate lines of l'["ll, ;_’,'i"-'ill;_', it a i]ig]l'}-‘
variegated appearance, while locally the percentage of iron
present is much greater and the sand has been cemented to
form rather massive beds of sandstone. Although for the
most part the formation is composed of loose guartz sand,
in places closely resembling the sand of the present beaches, yet
not uncommonly it contains thin lamina of fine brittle clay
which stand in sharp contrast to the adjoining sand, without
any gradation between them. Toward the upper portion of
the formation there is a horizon at which a bed of clay, a few
feet thick, occurs locally. It is apparently not continuous
though it has been seen at a number of widely separated points.

Paleontologic character—So far as known the Englishtown
sand containg no fossils.

Thiclkness.—The thickness of the Englishtown sand ranges
from 20 feet near Swedeshoro to nearly 50 feet on Crosswicks
Creek and to about 100 feet still farther north in Monmouth
County.

Name and eorrelation~—The formation receives its name from
Englishtown, Monmouth County, where it is well developed.
It l-.u]u'mmm: the lower part of the * Hazlet sands,” the npper
formation of the Matawan as described in several articles by
Clark, and forms a part of Cook’s Clay-marl series. It is the
formation formerly called Columbus sand in reports of the
New Jersey State Survey.

Stratigraphic relations.—The formation is conformable with
both the underlying Woodbury and the overlying Marshalltown
formations. Throughout considerable areas the FKnglishtown
sund iz covered by unconformable Pleistocene strata.

MARSHALLTOWN FORMATION.

Avreal distribution.—The outerops of the Marshalltown for-
mation horder those of the Englishtown sand on the southeast
and form a belt extending diagonally across the region in a
southwest-northeast direction from Mount Holly to Walnford
and beyond. The formation is exposed at few places except
along stream valleys, although some larger interstream areas are
so thinly covered with the later formations that shallow exca-
vations show its weathered phases. The formation can be best
seenn below the millpond 1 mile southeast of Chesterfield, in a
avine one-half mile north of Ellisdale, and along Crosswicks
Creek near Walnford.

Lithologie character.—The formation ranges from a° black
sandy eclay to an argillaceous marl.  Within the area under
discussion both phases occur, but farther northeast it is chiefly
a black laminated micaceous clay with thin seams of sand and
only scattered marl beds, while to the southwest the marly
phase predominates. Locally, the glauconite forms so large a
constituent of the mass that the bed has heen exploited as a
“marl bed” and, indeed, by several earlier geologists it was
correlated with the “ Lower marl” (Navesink) of Monmouth
{‘.'our'ttj'.

Paleontologic character.—The Marshalltown formation, in its
southern extent, is abundantly fossiliferous (43 species). Near
Swedeshoro, Salem County, in particular, a considerable dis-
tance south of the Trenton quadrangle, the fossils occur in a
remarkably perfect state of preservation and in great numbers,
Cucullea tippana, Neithea quinguecostata, and Cavolivm fenwi-
striatum are prominent species which are recurrent from the
Merchantville, but the most conspicuous element appears for
the first time and persists in the recurrent fauna of the late
Mount Laurel and Navesink formations. “This element is
represented most conspicuously by the ponderous species of
Frogyra and Gryphea, by the little oyster 0. falcata, which is
of the type of O.larva, and by Grypheostrea vomer. Besides
these oyster-like forms which so strongly characterize the
Marshalltown and the N:iv{"ﬂink, some other :g.pecies shonld
probably be included in the same faunal element, among which
are the following species, which are as yet known only from
these two faunas: Plagiostoma ereeta, Unicardivm wmbonalum,
and Odonlofusus medians.” "

Thickness—Along its outerop the thickness of the Marshall-
town formation is about 30 to 35 feet, but this increases to the
southeast to at least 50 feet, as shown by a well boring at
Grenloch, Camden County.

Name and corvelation.—Marshalltown, Salem County, N. .J.,
near which strata belonging to this division were once exten-
sively worked for marl, has furnished the name for the forma-
tion. In Monmouth County these beds are a part of the
“ Laminated sands,” which formed the upper portion of the



Clay-marl series of Cook, but in their extension southwest of
Burlington County they were correlated with the “Lower marl™
(Navesink) and so mapped by him. They were included in
the Hazlet (upper Matawan) sands of Clark.

Stratigraphic  relations. — No  unconformities have heen
observed between the Marshalltown formation and the under-
lying Englishtown sand nor between the Marshalltown and the
overlying Wenonah strata. Locally the Marshalltown forma-
tion is overlain unconformably by Pleistocene deposits.

WENDNAH SANI.

The Wenonah sand, although included in the group of for-
mations known as Matawan, has not been mapped separately
from the Mount Laurel in this region and is therefore discussed
below in connection with that formation.

MONMOUTH GROTEP.

SUBDIVISIONS.

The Monmouth group, named by Clark from Monmouth
County, N. J., where the deposits are typically developed,
was divided by him into the Mount Laurel sand, the Navesink
marl, and the Redbank sand. All three of these formations
are present in the eastern part of the Trenton quadrangle, but
in the vicinity of Sykesville the Redbank thins ont and dis-
appears, while in Maryland no differentiation of the beds into
formations has heen found possible.  The disappearance of the
Redbank sand southward brings the Navesink marl into imme-
diate contact with the overlying Hornerstown wmarl of the
Rancocas group, from which it can not be readily distin-
tinguished lithologically, although a more or less arbitrary line
has been drawn on the map to mark the supposed boundary.
Paleontologically, the two formations are readily separable, but
as fossils are in many places absent, the differentiation may
become a matter of considerable difficulty.

WENONAH AND MOUNT LAUREL SANDS,

There has been some difference of opinion regarding the
classification and nomenclature of the Wenonah and Mount
Laurel sands, the terms Mount Laurel and Wenonah having
both been used for them in part. There are somewhat definite
lithologic differences between them, although not always to the
same degree, thus rendering it difficult to separate them in
many places.  Paleontologically they are, however, distinet,
the fauna of the lower portion (Wenonah) containing many
species recurrent from the Woodbury and a much less number
common either to the Marshalltown immediately below or to the
Mount Laurel and Navesink above; this fauna is furthermore
closely allied to that of the Redbank. The fauna of the upper
portion (Mount Laurel), on the contrary, is identical with that
of the Navesink marl and is closely allied with that of the
Marshalltown on the one hand and that of the Tinton sand, or
uppermost member of the Redbank, on the other. It therefore
seems best to recognize both subdivisions in the stratigraphic
column, restricting the term Wenonah to the lower and Mount
Laurel to the upper subdivision. For representation on the
map of the Trenton region, where the Mount Laurel sand is for
the most part thin and with difficulty separated from the under-
lying Wenonah, it seems best to combine them as a single unit.

Aveal distribution.—These formations ounterop along a belt
from 1} to 3 miles wide, extending from Mount Holly to
Wrightsville. In the railroad cut near the fair grounds at
Mount Holly 15 feet of fine micaceous sand (Wenonah) is
shown, while on the side of the hill back of the town the
Mount Laurel sand outerops under the marl bed. Both types
of sand are shown along the east-west road 2} miles northeast of
Jobstown, while the Mount Laurel type outcrops just south of
Georgetown. The contact of the Wenonah and the underlying
Marshalltown is shown in a roadside gully 1 mile southeast of
Chesterfield. Good exposures of both the Wenonah and the
Mount Laurel sands are found along a tributary of Crosswicks
Creek 11 miles east of Walnford, and also along similar tribu-
taries for several miles upstream from that place. Both types
of sand are also exposed one-third mile west of Cream Ridge
station, while at Imlaystown the Wenonah sand is exposed
about 15 feet below the base of the marl bed, the interval being
referable in part at least to the Mount Laurel.

Lithologic character.—In Monmouth County the deposits of
this horizon consist mainly of a fine varicolored quartz sand
with considerable mica and gome clay laminge (Wenonah), over-
lain by coarse quartz sand containing considerable glauconite,
many of the grains of quartz being one-eighth to one-quarter
inch in diameter (Mount Laurel). Southwestward the lower
sands are less micaceous, and in Salem County the deposits
consist essentially of coarse reddish quartz sand, glauconitic
through its entire thickness and strongly impregnated with
iron which forms crusts of all imaginable shapes and which
locally has cemented the sand into firm beds of sandstone. In
the ahsence of fossils it is impossible to determine how much
belongs to the Wenonah and how much to the Mount Laurel.
Within the Trenton quadrangle both types have been recog-
nized, but the lithologie differences are not so marked as farther
_"".ml_cr: i‘:l]ennlnlng}' of New .]1.31‘533.'.. vol. 4, 1907, .'pp. BE-HO,
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to the northeast, in which direction a gradual increase in coarse-
ness in the lower member takes place.

Paleontologie chareeter.—Weller has shown that while the
Wenonah fauna (80 species) contains an equal number of
Merchantville and Woodbury species, vet characteristic forms
of the Merchantville are absent or very rare, while its affilia-
tions with the Woodbury fauna are close.
Gryphea and Erogyra of the Marshalltown fauna arve absent
in the Wenonah, but Osfrea plumosa is very mumerous in
places. The fauna of the Mount Laurel sand, on the other
hand, is marked by the introduction of species entirely foreign
to the earlier faunas of the rezion, the most characteristic being
the cephalopod Belemnitelle americana and the brachiopod
Terebralelln plicata, both of which are also especially abundant
in and characteristic of the overlying Navesink marl. The
paleontologic data indicate that the line between the Mount
Laurel and Wenonah sands marked by the introduction of the
Belemnilella fauna is of greater significance than the relatively
slight difference in the character of the sediments would imply.

Thickness.—The combined thickness of the Wenonah and
Mount Laurel strata in the Trenton area ranges from 40 to 60
feet, of which 15 to 20 feet belongs to the Mount Laurel.

Neome and corrvelation.—The town of Wenonah, in Gloucester
County, N. J., and the hill known as Mount Laurel, in
Camden County, furnish the names to these formations. As
already stated, the Wenonah constitutes the uppermost forma-
tion of the Matawan group and the Mount Laurel is the
basgal formation of the Monmouth group.

Stratigraphie velations.—Beneath the Wenonah is the Mar-
shalltown formation, with no stratigraphic unconformity
separating them, and the same condition exists between the
Mount Laurel sand and the overlying Navesink marl.

'I..‘h[..: IHJ‘]H![‘I'I’HIH

NAVESINE MARL.

Aveal disiribution.—The Navesink marl outerops in an almost
continuous line of exposures from the vicinity of Imlaystown
southwestward nearly to Arney Mount, and a small outlier is
found on the hill north of Mount Holly. For two-thirds of its
onterop in this quadrangle and northeastward to Atlantie
Highlands it i separated from the overlying Hornerstown marl
by the Redbank sand, but ewing to the abrupt disappearance of
the latter near Sykesville the two marl beds coalesce to the south-
west and although they have been separately mapped to the
southern margin of this area, the separation is more or less
arbitrary. Owing to the extensive nse, in former days, of the
oreensand as a fertilizer, the outerop is marked by numerous
pits which, where not too long abandoned, give good exposures.
These are most numerous along Crosswicks Creek above
Walnford.

Lithologie character.—The Navesink marl consists of green-
sand (glauconite) mixed with varying amounts of quartz sand
and fine earth, the latter containing much carbonate of lime in
a powdery state. The following table (Cook, Ann. Rept. State
Geologist New Jersey, 1886, p. 184) shows the composition of
four samples of the Navesink marl:

Analyses of Navesink mar!

1 g Y i
| Greensand. : i o 84| TO! 050| 525
Clay, ate __ i ALY eyl B8, G a5, 0 $25 | 288
Quartz sand _ G, 65 a5 18,7
Iron erusts, S
| Shells in pieces. T
| | 100 | 100 100 | 100

Where purest, the marl has a dark-green or bluish-black
color. In its upper part the blue marl passes gradually into a
layer 10 to 11 feet thick, which contains progressively less
greensand and more and more mica and sandy clays. Not
uncommonly the marl has a very astringent taste due to
the presence of sulphate of iron. Within the Trenton guad-
rangle the base of the Navesink is almost everywhere marked
by a shell bed several feet thick, which is best seen in the bed
of the brook 2} miles south of Walnford and 1 mile northeast
of Arneytown. To the northeast this shell bed occurs not at
the base but within the marl, indicating that conditions favor-
ing the deposition of the marl began earlier in the northeast
than they did farther south.

Paleontologic character.—The Navesink marl (with the
Mount Laurel sand) has yielded a large fauna of 121 species
(Weller), of which Belemnitella americana and Terebratella
plicata are the most characteristic, neither oceurring in any
other formation in New Jersey. A second conspicuous element
is the Erogyra and Gryphea group of forms, which were first
present in the }I:lr:-s.h:i"towu, :ill,h(_lug_l"l] i Pw:r,ﬂf'r-rmtr has heen
suceeeded by &, costate. A third conspicuous element, distinet
from the European Belemnitella element and from the sonthern

Czogyre element, is the Cucuwllwa fauna recurrent from the
Merchantville and Marshalltown, of which Azinea subaustralis
and Cuenllewa anfroza arve examples. The characteristic mem-
bers of the Luctna crefacea fauna of the Woodbury clay are
entirely absent.

Thickness—In Monmouth County the Navesink marl has a
maximum thickness of nearly 40 feet, which decreases south-
westward to 25 feet or less. Probably the average thickness
within this quadrangle is about 30 feet.

Name and correlation—The Navesink Hills near Sandy
Hook, where it is well exposed in the bluffs from Atlantie
Highlands eastward, give the name to this formation. It cor-
responds to Cook’s Lower marl, except that his Sand marl is now
regirded as Mount Laurel, and locally some of the black sandy
clay which he ineluded in the “Lower marl” is in the later
clssilication regarded as Redbank.

Sratigraphic velations—The Navesink marl rests conform-
:thi}' 1M the Mount Laurel szim], with which it is shown h_j.'
identity of faunas to be very closely related. It grades npward
into the Redbank sand, the line of separation not being litho-
logically a sharp one. Southwest of Sykesville and George-
town the Redbank is absent and the Navesink is overlain by
the Hornerstown marl.

REDDANK SANID.

Areal distribution—The Redbank sand extends from the
vicinity of Sykesville northeastward. Beyond this guadran-
gle it forms a conspicuous bed in Monmouth County, but does
not occur anywhere in the State southwest of this quadrangle.
It forms the surface over a wide area of high land north of
Arneytown and appears on the slopes of the hills northeast of
Cream Ridge. Good exposures are common in road cuts on
the steeper slopes, particularly 1 mile south of Ellisdale, near
Arneytown, and south of Imlaystown.

Lithologic character.—"The Redbank sand is, for the most
part, a fairly coarse ferruginous quartz sand, with the character-
istic yellow and reddish-brown color due to iron staining.
Locally the beds have been cemented to a firm stone by the
infiltration of iron; and iron erusts and concretions are a char-
acteristic feature of many exposures. The lower portion of the
formation (10 to 20 feet) is very commonly a black, somewhat
micaceous and clayey sand which at first sight seems referable
to another formation. Loecally, however, the black sand oceurs
at other horizons from base to top, so that is impracticable to
subdivide the formation on this basis. According to Cook,
the coloring matter in the black sands is protoxide of iron and
that in the red-brown sands is the peroxide, so that the color
depends merely on the degree of oxidation of the iron.
While this is true, differences in texture as aiding or retarding
these changes have been of importance in this connection, the
black sands being somewhat more clayey than those which are
most highly oxidized.

Paleontologic character.—The fauna of the Redbank is known
chiefly from fossils in the lower, more elayey layers of the for-
mation, those from the upper and more sandy beds being
poorly preserved and few in number. The fauna observed in
this area constitutes an assemblage of forms quite different in
character from the Mount Laurel and Navesink fauna, being
in its essential features a recurrence of the Lucina erefacea fauna
ot the Magothy, Woodbury, and Wenonah formations, with a
smaller element holding over from the Navesink marl. None
of the characteristic species of the foreign element of the Nave-
sink, such as Belemnitella americana and Terchratefla plicata,
arve present.  Lucina crelacea, Plevia naviewla, Cardivm dumo-
gum, and Peronnaoderma georgiana are members of the fauna
which have not been observed elsewhere except in the Wood-
bury (Weller). Farther to the northeast the Tinton sand
member, which is poorly developed in this area, contains a fauna
possessing many points in common with the Mount Laurel and
Navesink fauna.

Thickness—The Redbank sand has a maximum thickness
of about 100 feet in Monmouth County and gradually thing
until it disappears near Sykesville. At Stony Hill, south of
Ellisdale, its thickness is about 50 feet.

Name and corvelation.—The formation derives its name from
the city of Redbank in Monmouth County, N. J., near which it
is extensively developed. It is the Red sand of Cook and
earlier writers, but does not inelude the sand which in the
southern portion of the State Cook correlated with the
“Red sand” of Monmouth County. The latter is in reality

older and is now classed as the Wenonah and Mount Laurel

sands.  The Redbank sand farther north is made to include a
bed of green indurated clayey and marly sand (Cook’s indur-
ated green earth), which has a thickness varying from 10 to 25
feet and is known as the Tinton sand member.

Stratigraphic relations.— The Redbank rests conformably
upon the Navesink marl, grading into the highly glauconitic
beds of the latter through black clayey sands which become
increasingly marly. It is eonformably overlain in the Trenton
quadrangle by the Hornerstown marl, from which it is sharply
distinet. Farther northeast there is an intervening bed of
indurated greenish earth, regarded by the United States Geo-
logical Survey as a part of the Redbank but by recent workers
of the State Survey as a separate formation, the Tinton, both
on lithologic and paleontologic grounds. Along its line of
outerop the Redbank is in places overlain unconformably by
Pleistocene sand and gravel.



Correlation of beds from Magothy to Redbank, including the
" Tinton.—The assemblages of fossils making up the faunas of
the beds from the Magothy to the Tinton inclusive constitute a
larger faunal unit much more sharply separated from the faunas
above and below than are any of its constituent faunules from
one another. Weller has shown that this larger faunal unit is
made up of two or more distinet facies, one of which, the
Cucullea fauna, is characteristic of the more glauconitic beds,
the Merchantville, Marshalltown, Navesink, and Tinton; the
second, characterized by Lucina erelacea or its associates, occurs
in the clays or clayey sands of the Magothy, Woodbury,
Wenonah, and Redbank formations. The two facies of the
fauna existed contemporaneously and migrated backward and
forward across the present outerop of the Cretaceous beds in
New Jersey as deeper or shallower water conditions prevailed.

The introduction of Belemnitells americana, Terebratella
plicata, and other forms in the Mount Laurel sand at the base
of the Monmouth marks a faunal change that has been recog-
nized throughout the Atlantic Coastal area and apparently in
the eastern Gulf region. In New Jersey these forms range
through the Mount Laurel sand and Navesink marl, but do
not oceur in the Redbank sand, the fauna of which is essen-
tially a recurrence of the Lueina cretacea fauna of the Woodbury
clay, or in the Tinton member. Farther south, however, the
introduction of Belemnitella americana and associated forms at
the base of the Monmouth apparently marks a permanent faunal
change, no return to the earlier faunules having been observed.
This older fauna occurs in the Matawan formation in Mary-
land and in the Bladen formation in North Carolina, while the
Eutaw and certain beds regarded as lower Ripley in the east-
ern Gulf region are evidently synchronous deposits. The
upper or Belemnitella fauna, on the other hand, occurs in the
Monmouth formation in Maryland and has been traced from
North Carolina to the Gulf, where it is found in unquestioned
Ripley strata.

The larger faunal unit characteristic of the beds in New Jer-
sey from Magothy to Tinton is represented by the Ripley and
associated formations in Alabama, Mississippi, and Texas. The
community of species between this southern region and New
Jersey is s0 marked that the essential time equivalence of the
formations and faunas seems beyond question. Clark has eor-
related the beds of the Matawan and Monmouth groups
(Merchantville to Redbank inclusive) with the Senonian of
Europe, and, although recognizing its close faunal association,
has regarded the Magothy, primarily on floral evidence, as
Cenomanian. Weller's later studies of the faunas lead him to
believe that the Magothy faunule is also a part of a larger
Ripley fauna, which seems to be most closely allied to that of
the Aachen beds. He therefore regards all the deposits from
the Magothy to the Redbank as Senonian.

RANCOCAS GROUP®,

SUBDIVISIONS.

The formations composing the Rancoeas group are two in
number and were earlier deseribed by Clark as the Sewell marl
and the Vincentown lime sand. Later the name Hornerstown
was substituted for Sewell, the latter name having been
elsewhere employed. The formations of the group were first
classed as members of a single formation, to which the name
Rancocas was applied because of its typical development in the
valley of Rancocas Creek, Burlington County, N. J. More
recent studies by members of the New Jersey Btate SBurvey
indicate that there are good paleontologic reasons for uniting the
Hornerstown, Vincentown, and Manasquan in a single group,
although their lithologic likeness to each other is no greater
than to the subjacent formations of the Upper Cretaceons.

Greater faunal changes oceorred between the Redbank
(including the Tinton) and the Hornerstown than between any
previous formations, and on paleontologic grounds the most
important division of the Upper Cretaceous of New Jersey
oceurs at the base of the Hornerstown marl.

HORNERZTOWN MARL.

Areal distribution.—The Hornerstown marl outcrops as a
distinet and separate marl bed from Atlantic Highlands south-
westward to Sykesville.  Farther southwest it is with difficulty
separated from the Navesink marl, owing to the disappearance
of the Redbank. Within the Trenton quadrangle the line of
outerop extends from Hornerstown to Arney Mount, with small
outliers at Stony Hill, Arneytown, and Imlaystown. The best
exposures are at the marl pits near Hornerstown and along
Crosswicks Creek north of New Egypt.

Lithologic character.—The Hornerstown marl is a bed of
glanconite with clay and sand not differing materially in appear-
ance from the Navesink, although in color, where unweathered,
it may have a slightly greener tinge. Chemical analyses by
Cook show that it contains on the average less calcium car-
bonate than does the Navesink, and a series of mechanical
analyses by him shows that the percentage of glanconite is
higher, ranging in the samples tested from 71 to 91 per cent.
The upper 4 to 7 feet of the formation is commonly a mass of
shells in a matrix of sand and marl, constituting a shell bed
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which rivals in extent and prominence the shell bed in the
Navesink marl, but the gpecies are not the same.

Paleontologie eharacter—The fauna of the Hornerstown marl
is small and, apart from the shell bed at the top of the forma-
tion, has not yielded many fossils, but it is totally different in
its essential characteristics from the faunas of all the underly-
ing formations.  Terebratuln harleni, Cuenllwa vulgaris, and
Gryphea dissimilaris are characteristic forms. The shell bed
at the top of the marl contains a fauna so closely allied to
that of the Vincentown sand that it is a question whether it
ought not to be regarded as the hase of that formation, rather
than the top of the marl.

T lickness.— The Hornerstown marl probably nowhere
exceeds 50 feet in thickness and commonly it is a little less.
Where it is in contact with the Navesink its thickness can not
be definitely fixed. Well borings show that the marl bed
ineresses in thickness to the southeast, as do most of the other
formations.

Name and correlation.—The name is taken from the village
of Hornerstown, near which there were extensive marl pits.
The formation is the lower half of the Middle marl of Cook.

Stratigraphie relations.—In Monmouth County the forma-
tion rests to all appearances conformably upon the Redbank
sand and upon the Tinton sand member, where that is present.
Southwest of Sykesville the Hornerstown merges downward
into the Navesink marl. It is overlain conformably by the
Vincentown sand, its top being marked by a thick and persist-
ent shell bed. Locally the Vincentown and higher Cretaceous
heds are overlapped by the Miocene formations, which then rest
unconformably upon the Hornerstown, as at Arney Mount,
Stony Hill, Arneytown, and near Imlaystown. It is also in
places covered unconformably by Pleistocene beds.

VINCENTOWN SAND.

Avreal distribution.—The Vineentown sand outerops along a
belt from Long Branch, in Monmouth County, N. .J., to Salem,
near Delaware Bay. Even if the comparatively recent Pleisto-
cene cover of gravel and sand be disregarded, the Vincentown
does not outerop continuously, owing to the repeated but
irregular overlap of the Miocene formations. Within the
Trenton quadrangle it oceurs at intervals from Hornerstown
to Julinstown, the largest area being near New Egypt. Good
exposures are found along Crosswicks Creek and tributaries at
various points near Cookstown and New Egypt, particularly at
a quarry 1 mile north of the latter place and along the county
road erossing the creek.

Lithologie character—The Vincentown sand presents, both
lithologically and paleontologically, two somewhat distinct
phases, a lime-sand and a quartz-sand phase.  Both phases are
well developed within the Trenton quadrangle.  Beds of indur-
ated lime sand ocenr along Crosswicks Creek north of New
Egypt and along a little raun north of Cookstown, while the
quartz-sand phase is best seen near the bridge over Crosswicks
Creek 11 miles north of New Egypt.

Where most typically developed, particularly in the southern
counties of New Jersey, the lime sand consists of a mass of
broken bryozoan, echinoid, coral, and other caleareous remains,
with some quartz sand and glauconite, These more caleareons
layvers form numerous beds of limestone intercalated with softer
layers which are locally a lime sand but more commonly a
glauconitic quartz sand. The alternating hard and soft layers
range from 4 inches to 2 feet in thickness, the indurated beds
being, on an average, only about one-half as thick as the inco-
herent layers, so that even where the calcareous phase is best
developed a large part of the formation is a quartz sand.
Traced northeastward the lime-sand phase becomes less marked,
particularly in the upper portion, until in Monmouth County
the whole formation is essentially a yellow quartz sand carrying
varying amounts of glauconite with some broken shells; it was
described by Cook as the Yellow sand.

Paleontologic character.—The caleareous phase of the Vin-
centown is almost entirely made up of the remains of bryozoans,
while foraminifers and echinoids are very abundant, forming
a fauna quite different in these respects from that eccurring in
the Hornerstown marl. But where the yellow-sand phase is
developed Terebratula harlani, a Gryphea, and other pele-
eypods belonging to the same genera as the forms occurring in
the Hornerstown shell bed are found in association with forms
characteristic of the caleareous phase of the formation, thus
furnishing a sufficient reason for placing the Hornerstown and
Vincentown in one paleontologic group in which might also be
included the overlying Manasquan.

Thickness—The thickness of the Vincentown sand in the
vieinity of New Egypt is probably not more than 60 to 70 feet.
Farther southwest its thickness iz rarely more than 25 feet
along the line of outerop, although in some places it has been
been penetrated in wells to a depth of more than 100 feet at
points not far down the dip.

Name and covrelation.—The Vincentown sand received its
name from Vincentown, N. J., near which the ealcareous phase
is typically developed. It was included by Cook as a part of
his Middle marl.

Stratigraphic relations,—The Vincentown sand rests con-
formably upon the shell bed at the top of the Hornerstown
marl, and where the Cretaceous beds are all present in outerop
it is overlain conformably by the Manasquan formation. The
Miocene beds, however, in many places overlap the EKocene and
the higher Cretaceous formations and rest unconformably upon
the Vincentown, or even overlap it also. It iz also covered in
places by the Pleistocene formations.

MANASQUAN FORMATION.

Aveal distribution.—The Manasquan formation oceurs along
the south branch of Crosswicks Creek and tributaries 2 miles
south of New Egypt, where a number of abandoned marl
pits afford somewhat meager opportunity for its examination.
Beyond the limits of the Trenton quadrangle it has been
observed near Long Branch, Farmingdale, Pemberton to Vin-
centown, Medford, Clementon, and farthest southwest along
Swedes Run in Mannington Township, Salem County. These
widely separated outerops indieate its continuous extent across
New Jersey beneath the overlapping Miocene beds.

Lithologic character.~—In its lower part (13 to 17 feet) the for-
mation is, like the Navesink and Hornerstown marls, composed
chiefly of glauconite, dark green in color and mixed with more
or less clay and sand, Iis upper portion (8 to 12 feet), how-
ever, is made up of very fine sand mixed with greenish-white
clay, flaky in structure and containing little or no glauconite.
Piles of this marl look much like heaps of ashes, hence the
loeal name ash marl.

FPaleantologic character.—The fossils of the Manasquan are not
abundant, and are in places poorly preserved. Small, simple
horn corals are conspicuouns elements in the fauna, the com-
monest of which, Flabellum morloni, is also present in the
Hornerstown.  Terebratuling atlanfica and Caryatis vela are
two other forms which recur from the Hornerstown, while the
latter is also present in the Vincentown, according to Weller.

Thickness—The thickness of the Manasquan formation was
civen by Cook as 13 to 17 feet for the lower green marl and 8
to 12 feet for the ash marl, and these figures are undoubtedly
correct, a8 his observations were made when the bed was
exposed at many pits. Present exposures do not permit
accurate measurement of its thickness.

Name and eorrelation.—The formation, first separated by
Clark, derives its name from Manasquan River in Monmouth
County, N. J., along which it was formerly extensively dug.
It corresponds to the green and ash marls of Cook’s Upper
marl and is the youngest of the Cretaceous formations exposed
in New Jersey.

Stratigraphie relations.—The Manasquan formation probably
rests conformably upon the Vincentown, although this relation-
ghip can nowhere now be seen. At some pits it was seen to be
overlain withount apparent unconformity by a bluish marl of
Cocene age, but at most exposures it is unconformably suc-
ceeded by Miocene or Pleistocene deposits.

Correlation of the Hornerstown, Vincentown, and Manas-
guan.—The faunas of the Hornerstown, Vincentown, and
Manasquan are closely related in their important elements,
although a large foraminiferal and bryozoan element is limited
to the lime-sand phase of the Vincentown; and they form a
larger fauna sharply separated from the fauna of the other
Cretaceous beds beneath. This fauna appears to have its
typical development in New Jersey and has not been recog-
nized south of Maryland. As was pointed out earlier by
Clark, it shows certain affinities with the lower or Maestricht
division of the Danian series of western Kurope. In par-
ticular, the bryozoan fauna of the Vincentown shows a
remarkably close relationship to the bryozoan faunas of typical
Maestricht beds.

TERTIARY SYSTEM,

The Miocene is the only division of the Tertiary certainly
known to be represented by deposits within the Trenton
quadrangle. The Eocene, which is shown at a few points
to the northeast, does not occur in the guadrangle and beds
referable without question to the Pliocene are also absent.
In the southeastern part, however, there are outliers of a
widespread formation, the Cohansey, which in the absence of
fossils can not be referred positively to either the Miocene or
the Pliocene.

SUBDIVISIONS.

The known Miocene deposits of the quadrangle comprise a
part only of the extensive series of beds so characteristically
developed along Chesapeake Bay and its tributaries and known
as the Chesapeake group. In that region they are divided
into three formations, which are, from below upward, the
Calvert formation, the Choptank formation, and the St. Marys
formation. Within the area of the Trenton quadrangle two
divisions have been made of the Tertiary beds, the Kirkwood
and the Cohansey, the former certainly of Miocene age,
corresponding in part at least to the Calvert formation of
Maryland and Virginia.

The Cohansey is unconformable with the Kirkwood and may
represent a horizon higher than the St. Marys, as beds of sim-



ilar lithologic character are found to the southeast in New
Jersey above strata carrying fossils recognized only in beds of
St. Marys age farther south. On the other hand, in Maryland
the Choptank formation presents lithologic characters not
unlike those of the Cohansey and rests unconformably on the
Calvert. In the absence of fossils, however, it is not possible
to determine positively between these two possible assignments.

REIREWOOD FORMATION.

Areal distribution.—In the Trenton quadrangle the Kirk-
wood formation occurs in a number of isolated outliers on the
crests of upper slopes of hills, as a narrow band along the
flank of the high ridge from Lewistown to Sykesville and
Jacobstown, and along streams. Arney Mount, the hill near
Julinstown, and that southeast of Imlaystown are the most
important outliers. In adjoining quadrangles the Kirkwood
extends in a belt of variable width from Asbury Park and the
head of Barnegat Bay at the northeast to the shores of
Delaware Bay.

Lithologic character.—"The Kirkwood of the Trenton quad-
rangle is principally a fine quartz sand usunally somewhat
micaceous and in places delicately banded in shades of salmon
pink and yellow. Black lignitic clays are abundant at or
near the base, and some yellow clayey layers occur at other
horizons. Locally, thin beds of coarse sund or even fine gravel
oceur immediately at the base. In the region southwest of this
quadrangle the lower sand has in some places been converted
to nodular masses of quartzite by the infiltration of silica. The
bull’s head bowlders of quartzite which occur on the surface
from which the Kirkwood has been eroded are believed to
have been derived from this formation.

Farther southwest, in Salem County, N. .J., the Kirkwood
changes considerably in character. A fine, loose, somewhat
glanconitie sand occurs near the base, above which there are
several feet of very soft micaceous sand and clay, with a soapy
talelike feeling; it is snow white where pure, but is not uncom-
monly stained with iron. Above this sand there is an 80 to
90 foot bed of clay, choeolate to drab and locally black in
eolor. It is cut by many joint planes into small cubes, many
of the joint faces being covered with thin crusts of iron oxide.
Borings show logs of lignite, leaf beds, and considerable lenses
of sand occuring within the clay, although no sand layers are
recognized within its area of outerop. Locally it is fossiliferous,
but fossils are not common. Above the clay there is a bed of
brown clay and fine, clayey gray sand containing great num-
bers of shells. The latter is known only from openings along
the headwaters of Stowe Creek and its tributaries, and has been
often described by earlier writers as the Shiloh marl. It forms
the upper member of the Kirkwood formation in the region in
which it oceurs.

Paleondologic character.—The Kirkwood formation is not
markedly fossiliferous, except that part known as the Shiloh
marl member, from which a large fauna of over one hundred
species has been described (Whitfield, Mon. U. 8. Geol. Burvey,
vol. 24). It contains the characteristic fauna of the Calvert
formation of Maryland and Virginia.

Thickness—The thickness of the formation within this area
varies from a few feet up to 100 feet or more. To the southwest
the thick clay bed about Woodstown and Alloway is at least
80 feet thick, while locally the Shiloh marl member has been
penetrated for 30 feet and the talelike sand reaches 10 feet.

Name and corvelation.—The name Kirkwood is taken from
the small village of Kirkwood, Camden County. The forma-
tion is probably to be correlated with the Calvert formation
of Maryland, the fauna of the Shiloh marl being closely related
to that of the Plum Point marl of Maryland and the lower
fine micaceous sand probably corresponding closely to the
Fairhaven diatomaceous earth of that region, although no
diatoms have yet been found in it.

Stratigraphie velations.—~The Kirkwood formation rests
unconformably upon the various Cretaceous beds, chiefly the
Vincentown and Hornerstown, but in some outliers it covers
even lower members, while farther northeast the KEocene
appears beneath it.

No evidence of unconformity between the Cohansey sand
and the Kirkwood formation can be detected in exposures
where both are shown, and in many respects they appear to
grade into each other, but, when their larger relations are
considered, the Kirkwood appears to he overlapped by the
Cohansey. Similar relations exist in Maryland between the
Calvert and the Choptank.

COHANSEY SANID.

Avreal distribution.—The Cohansey sand appears in the south-
eastern part of the Trenton quadrangle as a series of outliers
capping several isolated hills and a long curving ridge near
Sykesville. Southeastward it outerops in a broad belt and,
except for discontinuous areas of Pleistocene gravels, forms the
surface over a wide area of the Coastal Plain.

Lithologic character—The Cohansey is primarily a sand
formation, but it contains some gravel and locally considerable
beds of clay, none of the latter, however, occurring within the
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Trenton area. The sand is predominantly coarser than that of
the Kirkwood, and the grains are in places so coated with clay
that when moist it readily compacts; other beds are so clean
that they are extensively utilized as glass sand. The fine,
micaceous, mealy sand with delicate pink and buff mottlings com-
mon in the Kirkwood is rarely or never found in the Cohan-
sey. The gravel of the Cohansey consists of pebbles of quartz,
chert, and quartzose sandstone ranging from one-tourth inch
to 1} inches in diameter, with angular to subangular forms.

Paleontologic character—No fossils have been found in the
Cohansey in the Trenton gquadrangle, but Hollick (New Jersey
Gieol. Survey, vol. 6, pp. 138-139) reports 50 species of plant
remaing in collections obtained near Bridgeton, representing
a flora comparable with that of certain European upper Mio-
cene localities; and he regards the sand as either late Miocene
or Pliocene. Obseure casts of molluscan shells have been
found in it near Millville.

Thickness.—In the outliers within this area the formation
probably does not exceed 40 to 50 feet in thickness, but this is
only a fraction of its original thickness, which was certainly
more than 200 feet.

Name and correlation.—The formation takes its name from
Cohansey Creek, Cumberland County, N. J., along which it is
well developed. It corresponds to the sand member of the
Beacon Hill formation, as formerly described in the New Jersey
reports. Data regarding its age are indefinite and in a measure
contradictory. Paleobotanic evidence favors its reference to
the late Miocene or Pliocene, while the scanty paleozoologic
data are indecisive. At its outerop it rests on the Kirkwood
without apparent unconformity, but farther southeast beds of
similar lithologic character overlie strata bearing a St. Marys
fauna, and it is, therefore, apparently unconformable with the
Kirkwood.

Stratigraphic relations.—The Cohansey is overlain uncon-
formably by the Quaternary formations, while its relations to
the Kirkwood are slightly in doubt, although it is apparently
unconformable. Its dip is to the southeast, its base declining
from 100 feet above sea level at Grenloch, southwest of this
quadrangle, to about 390 feet below sea level at Atlantic City—
a descent of 490 feet in 45 miles, or 11 feet per mile.

The strike of the beds conforms in a general way to that of
the underlying Cretaceous formations, northeast to southwest,
although northeastward across New Jersey higher members of
the Cretaceous and finally Eocene beds appear from beneath the
Kirkwood, showing that the strike of the Tertiary formations
is a little more to the east than that of the Cretaceous beds.

QUATERNARY SYSTEM.
By Rorux D, Bavsmumy,

GENERAL STATEMENT.

The Quaternary system of the Trenton region contains the
record of two dominant processes—namely, erosion and deposi-
tion. While these two processes were probably contemporane-
ous in the region at all stages of the period, there were times
when erosion predominated and sedimentation was subordinate,
and times when deposition predominated and erosion was sub-
ordinate. The stages when deposition was dominant are at
least three in number, and they were separated and each was
followed by stages when erosion exceeded sedimentation.

This alternation was the result of two general conditions—
namely, variations in climate and variations in the altitude and
attitude of the surface here and in adjacent regions, The
variations in climate were connected with the development and
dissolution of the several ice sheets which affected the northern
part of the continent, for though these ice sheets did not reach
the Trenton area they approached its northern border closely at
more than one stage of the glacial epoch, and the melting of
the ice increased the amount of water which flowed through the
region. Furthermore, the cold of the glacial epochs doubtless
reduced greatly the amount of vegetation for some distance
from the border of the ice, so that the run-off was more than
usnally effective in eroding the surface of the land which was
above grade. Under these conditions the slopes and the
uplands, as well as the ice to the north, furnished the streams
with abundant débris, which they brought down through valleys
of low gradient, leaving much of it and developing wide alluvial
plains comparable to those now being formed along the low-
gradient courses of many streams which carry the waters of
melting glaciers or abundant sediment from other sources,

It is probable that there were slight changes in the altitude
of the land as the period progressed. These changes seem to
have been such as to decrease the gradients of the streams as

_they approached the sea, and perhaps such as to stimulate ero-

gion in their upper courses at the same time. It is probable
that at one time and another during the Quaternary period
portions of the larger valleys were drowned, and that the sea
erept up on the low borders of the land to a slight extent; but
within the area of the existing land marine deposits seem to
have been subordinate to those of terrestrial formation, so far as
present evidence shows.

Three formations are recognized in this area, representing
the three stages when deposition predominated. The oldest of

the three, the Bridgeton formation, is represented by remnants
so meager that their correlation would not be clear if this area
were considered by itself. The second, the Pensauken forma-
tion, is more widespread, having suffered less erosion. The
youngest, the Cape May formation, is of late (Wisconsin)
glacial age.

It is to be distinetly borne in mind that in the erosion interval
between the Bridgeton and the Pensauken there was more or
less deposition, and that the valley and slope accumulations of
this time are not readily separated from the main body of the
Pensauken. Under the heading of unclassified deposits on the
maps is included surficial material that can not be assigned to
any one of the above formations, having been in part worked
over by water or wind. It is usually thin and diseontinuous.
Similarly, there was more or less deposition during the post-
Pensauken stage, when erosion was the dominant process of
the region; and the valley fillings and basal slope accumula-
tions of this stage are not readily separated, in all cases, from
the Cape May formation on the one hand or from the Pen-
sauken on the other.

BRIDGETON FORMATION.

Deposition.—The meager remnants of the Bridgeton forma-
tion in this portion of New Jersey appear chiefly in the south-
eastern part of the area under discussion. They are thought
to be all that remains of a stratum of gravel and sand which
once overspread most of the quadrangle east of Delaware
River. Besides these remnants a hill 2 miles northeast of
Lawrenceville, which has an elevation of 201 feet, is capped
with gravel that is probably a remnant of the same forma-
tion, though its constitution would seem to ally it with the
Lafayette formation, rather than with the Bridgeton, if the two
are not the same. As the remnant is very meager and the
exposures poor, it is impossible to make certain correlation.

In constitution the Bridgeton formation is essentially like
the Pensauken, and as the latter is much better developed,
this point will be discussed in connection with that formation.
In spite of its likeness to the Pensauken, the topographic posi-
tion and relations of the Bridgeton formation indicate that a
long period of erosion followed its deposition before the Pen-
sauken formation was laid down. Its separation from the
Pensauken is therefore primarily topographic.

Quartzite bowlders, even 3 or 4 feet in diameter, oceur on
the surface at various points south of Pennington, up to eleva-
tions of 200 feet or so. These bowlders are not unlike those in
the base of the Pensauken and Bridgeton formations, and it is
probable that they belonged to the latter and that they are the
only parts not removed by erosion. Near the northern border
of the quadrangle, in the valley of the Delaware, between Raven
Rock and Byram, bowlders of similar character and in similar
topographic positions have been found, bearing glacial strice.
This fact, together with the size of some of the bowlders in the
Bridgeton formation far to the south, has led to the belief that
floating ice derived from glaciers affected the region when the
Bridgeton formation was deposited. 1If this conclusion is
correct, the ice was pl'nlmlﬂf the earliest of the several Pleisto-
cene ice sheets of which there is record.

Frogion.—After the deposition of the Bridgeton formation
either the area where it had been laid down stood somewhat
higher than before or the streams carried less load, or both, and
an interval of erosion ensued. This interval was long, for east
of the Delaware within this quadrangle the Bridgeton forma-
tion was mostly removed and broad, shallow valleys were
developed in the Cretaceous formations beneath. It is true
that both the Bridgeton formation and the Cretaceous beneath
were relatively weak and that valleys may have developed in
them rapidly, but even so the time necessary for the results
accomplished was long.

An epoch followed when the streams flowing through these
wide valleys carried heavy loads of débris, much of which was
deposited, and the materials then laid down constitute the
Pensauken formation.

PENSAUKEN FORMATION.

The widespread Pensauken formation consists, for the most
part, of unconsolidated gravel and sand, most of which in this
region is below tne level of 130 feet, though here and there it
rises to 150 feet or even a little more. It probably once
covered almost the whole of the area south of the outerop of
the Newark group, and it overlapped the southeastern border
of that group up to the present altitude of 130 feet or more.
The dissevered condition of the formation is the result of
erosion, which has removed it from a large part of the area
that it once covered.

Constitution—Sand predominates over material of larger
size in the Pensauken, but gravel is common and bowlders can
hardly be said to be rare, especially at the base. At the top the
material is in places loamy, the loam being due partly to the
original constitution of the uppermost part of the formation,
partly to weathering, and partly to subsequent deposition.

The Pensauken formation has two somewhat distinet phases
with intermediate gradations. At the northwest it is somewhat
arkogse and containg some material derived from the pre-



*aleozoic and Paleozoie rocks to the north and some from the
Newark group, closer at hand. With these materials whose
place of origin is determinable there is much finer sediment of
unknown origin and some which comes from the Cretaceous
system. To the southeast the materials of northern origin
diminish and finally disappear and materials derived from the
Cretaceons and Tertiary deposits are the only ones which can
be identified. The line which separates the two phases of the
formation runs from a point about 2 miles southeast of Hights-
town through Extonville, Mansfield, and Jacksonville to
Centertown (1 mile south of Rancoeas). The material of the
formation may therefore be said to have come from two principal
sources: (1) From the north, from the Newark group and from
formations still farther north, and (2) from the south and east,
from the Cretaceous and Tertiary formations.

Coarse material is more common in the arkose than in the
nonarkose phase of the formation and is confined essentially to
its base. The coarse material from points north of the Coastal
Plain is in many places confined to the lowermost foot of the
formation. In general, it is probably safe to say that nine-
tenths of such material is in the lowermost 5 feet. Shale
and sandstone from the Newark group are so widespread as to
be characteristic. In general, material from this source is more
abundant near the outerops of the Newark group, though this
rule is not without exception. Thus near Allentown, about 9
miles from the nearest outcrop of the Brunswick shale, there is
as much of this material in the gravel as at Clarksville, where
the formation lies directly on the Newark.

In general, all the materials of the formation are decomposed
so far as is possible under the influence of atmosphere and water.
Soluble constituents, such as carbonates, are lacking, and all
ingredients appear to be oxidized and hydrated to the fullest
extent. The original feldspar of the sand and gravel of the
arkose phase has, as a rule, been completely kaolinized  Peb-
bles and bowlders of erystalline rock (schist, gneiss, granite),
unless of large size or largely of quartz, are almost always
decayed to the core. The same is true for small masses of
diabase (“trap”) from the Newark group.

Another characteristic constituent of the gravel in some
places, especially toward the east and southeast, is ferruginous
sandstone derived from the cemented layers of the Cretaceous
or later formations of the Coastal Plain, Chert is another
common constituent of the gravel, and it is generally soft.
Vein quartz abounds and generally retains its hardness.
Pebbles, cobbles, and even bowlders of quartzite are found
throughout the area and are the hardest and most resistant
of the coarse materials entering into the formation. Owing to
the decayed condition of many of the pebbles and stones of the
coarser parts of the formation, it makes good road material, and
numerons gravel pits occur at short intervals throughout its
area, especially northwest of the line separating its two phases.

Base of the formation.—The formation, so far as this area is
concerned, appears to have been laid down on a broad plain of
erosion, most of which now stands at an altitude of 80 to 100
feet. The surface, however, was not without relief. It declined
toward the Delaware, and it also declined toward an axis run-
ning northeastward from Trenton through Baker Basin to Port
Mercer and beyond.

To judge from the configuration of the base of the formation,
the Delaware seems to have been the master stream in pre-
Pensauken time, as now. The surface was within 20 feet or o
of present sea level at Trenton when the Pensauken formation
was deposited, and the valley northeast from Trenton to and
beyond Baker Basin was nearly ss deep. Ite axis was a little
to the southeast of the contact of the Newark and Cretaceous
deposits.  1ts old bottom is now less than 50 feet, and perhaps
as low as 30 feet, above sea as far northeast as Port Mercer.
This seems to make it clear that a large stream followed this
course in pre-Pensauken time.

The tributaries of the Delaware and those of the northeast-
southwest valley above Trenton followed, in a general way, the
directions of the present streams; that is, they flowed from
southeast to northwest. The tributary valleys were less deep
than the main ones, as was appropriate. The plain of erosion
on which the Pensauken deposits were laid down and from
which the Bridgeton formation had been removed had a relief
of 60 to 80 feet.

The southeastern border of the well-defined body of the
formation was a former low scarp which extended from
Swedesboro, southwest of this quadrangle, through Jackson-
ville and Allentown and beyond; but deposition took place
to some extent in the valleys leading down from the higher
lands to the southeast.

Tsolaled vemnanis,—A remarkable remnant of the Pensauken
formation is found at Kingston, just south of the narrows,
where Millstone River cuts through a diabase ridge, flowing
north. The material of the Pensauken formation at this place
is very much coarser than at any other point within the area,
It consists of coarse gravel, in which there are bowlders up to
1} feet in diameter. The gravel is remarkable for its compact-
ness and coherence, vertical faces 40 feet high having stood for
years with but little accumulation of talus at their bases. The
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proportion of erystalline-rock material is larger than elsewhere
and nearly all the cobbles are decomposed to the core, so
that the vertical face of the formation shows the broken faces
of hundreds of cobbles and small bowlders. It is, indeed,
rather uncommon to find a piece of erystalline rock which does
not erumble readily under the hammer, or even in the hand.

This material came from the north and was apparently
deposited by a stream flowing south. Escaping the narrow
valley through Rocky Hill, this stream left its load of gravel,
ete., where it entered its broader valley with lower gradient,
south of the hard ridge. The precise course of the stream
south of Kingston is not certainly known. It may have been
southward to Princeton Junction and thence over to Fort
Mercer, or, less probably, up the course of the present Stony
Brook to Port Mercer,

A few remnants of the formation exist in the Delaware Val-
ley above Trenton, as at Washington Crossing, Titusville, and
Raven Rock. In these localities the remnants constitute or
cap rude terraces well above the more modern deposits to be
noted later. At several other points traces of the formation
are found in similar situations, suggesting that it was once
somewhat generally present along the Delaware Valley.

There are various izolated patches of the Pensanken forma-
tion east of the Delaware Valley, on the Brunswick shale,
several miles north of Kingston. The correlation of most of
these remnants is not beyond question, and it is possible that
some of them may be older than Pensauken. 'The same may
be said of some of the small areas mapped as Pensauken at
high levels in the southeastern part of the quadrangle. They
are higher than the main body of the formation, and they may
be of Bridgeton age or, more probably, they may represent local
accumulations of débris in the post-Bridgeton erosion interval.
It would be expected, however, that the streams descending
from the higher lands to the southeast in Pensauken time
would, if making deposits at all, leave gravel and sands at
levels considerably higher than those where similar deposits
were made in the main valleys.

Thickness,—The present thickness of the formation varies
from about 50 feet in the area between Allentown and New-
town, to practically nothing, and the original variation was prob-
ably about the same. The slight thicknesses are due in some
places to subsequent erosion and in others to unequal deposi-
tion, especially where the formation buried the low hills which
rose above the general level of its base.  When the deposition
of the formation was completed, most of the surface which it
covered appears to have been built up to planeness, or nearly
so, and this plain, had it not been degraded, would now have
lain between the present levels of 130 and 150 feet. The for-
mation extended up the valleys to somewhat greater heights.

Origin.—The Pensauken formation is believed.to be in large
part of subaerial (fluvial and pluvial) origin. So far as this
aren is concerned, the Delaware and its tributaries may be said
to have been the principal agents of deposition, and the trib-
utary from the north by way of Kingston was perhaps but
little less important than the Delaware itself. The sources
of this stream were probably in the upper drainage basin of
the Raritan. Both the Delaware and the drainage from the
Raritan basin came from the area affected by glacier ice, and
the coarse material of the formation leads to the conclusion
that floating ice and swollen streams were concerned in its
transportation,

While this material was being brought down from the north
and deposited in the valleys of the larger streams, the drainage
from the southenst was bringing in sand, gravel, ete., from the
Cretaceous and Tertiary sands and marls. The aggradation of
the main valleys obstructed the tributaries and stimulated
ageradation in them. It is possible, perhaps probable, that the
area where the Pensauken sediments accumulated was a little
lower than now, relative to sea level, when the deposition took
place. It is even possible, so far as now known, that the lower
parts of the region may have been partly submerged at some
time during the accumulation of the formation; but in the
absence of distinet paleontologic evidence this conclusion is
uncertain, and there are other reasons for thinking that the
main part of the deposit, at least, is of fluviatile origin. Not
many miles below the southern border of this area fresh-water
fossils are found in the Pensauken down nearly to sea level.

FErosion.—After the deposition of the Pensauken formation
conditions so changed as to bring about an epoch of erosion.
It is not known how far this was the result of change of altitude
of the land and how far the result of decreased load of the
streams, incident to climatic changes and the disappearance of
the ice. Whatever the cause, the erosion continued long
enough to allow the streams to deepen their valleys somewhat
below their present levels and to widen the valleys of the
larger streams. The Pensauken material deposited in the pre-
Pensauken valleys, was not, however, all removed. Some of it
still remained in the Delaware Valley and in the lower parts
of some of its tributaries at the close of this erosion interval.

After this very considerable erosion had taken place, another
period of sedimentation ensued, and the deposits made consti-
tute the Cape May formation.

CAPE MAY FORMATION.

Distribution.—The Cape May formation is confined largely
to the valleys of the present streams. During its deposition
the valleys were aggraded, the larger ones as much as 30 to 40
feet. Aggradation was greatest where erosion had been great-
est—namely, in the valleys of the larger streams, such as the
Delaware.

This period of aggradation was in part at least contempora-
neous with the ice of the last glacial epoch. The Delaware was
bringing down quantities of gravel and sand from the moraine
at Belvidere, and much of it reached the latitude of Trenton.
Here, where the valley of the Delaware wus wide, the heavier
part of the load of the stream was spread widely over the low
plain at the junetion of the Delaware with the valley from the
northeast, The result was that a wide area was r:wl:rspmald
with gravels of late glacial age brought down from the edge of
the ice. Little glacial gravel was carried far below Trenton,
though traces of it are found to the southern limit of the quad-
rangle and even beyond. This gravel has long been known as
the “Trenton gravel.” When its deposition was completed
glacial gravel filled the valley of the Delaware up to a level
now 120 feet above the sea at the northern border of the quad-
rangle. From this maximum height the gravel now slopes to
100 feet at Lambertville, 60 feet at Trenton, and about 30 feet
at Burlington. This slope if continued would reach zea level
at about the southwest corner of the quadrangle and the Cape
May formation would occupy the position of a delta.

One of the remarkable features of the distribution of this
gravel is that it was spread widely and abundantly east and
northeast of Trenton to Baker Basin and beyond. The condi-
tions of drainage which made this distribution possible are not
altogether clear. It seems probable that at some time during
this stage of deposition drainage came down from the north, up
the present valley of the Millstone, bringing with it a little
gravel of late glacial age, for traces of such gravel are found
along this valley at several points between the junction of the
Raritan and the Millstone, 3 miles north of this quadrangle,
and Penns Neck, near Princeton. This suggests that some of
the gravel of the Baker Basin region came in by this route;
but the meager traces of gravel along this valley are hardly
consistent with this hypothesis. The traces of late glacial
gravel along this valley are, however, of interest as indicating
a former course of drainage. It is not thought that this old
course, apparently followed by a stream in Pensauken time,
was followed by a river continuously up to the close of the
Cape May epoch, but rather that the drainage from the upper
basin of the Raritan was toward Raritan Bay in post-Pensauken
time and was temporarily turned back to its older course in
late glacial time, after deposits from the ice had aggraded the
valley of the Raritan in the vicinity of Bound Brook.

About Trenton and at some other points in the lower courses
of the tributaries below Trenton the Cape May deposits rest
on remnants of the Pensauken formation which had not been
entirely removed from the valleys when the deposition of the
Cape May began. The superposition of this gravel on the
Pensauken formation has been seen at Trenton, for example,
in several temporary excavations, where the relations were
unequivocal. The same relations have been seen in the Dela-
ware Valley farther south, on both sides of the stream. These
sections show the impossibility of defining this formation by
topography alone,

While the valley of the Delaware was being filled with glacial
gravel from the north, the aggradation tended to obstruet the
tributary valleys. At the same time it is assumed that the
climatic conditions favored ready erosion, especially by effect-
ing a reduction in the amount of the vegetation. The result
appears to have been that the tributary streams gathered sedi-
ment readily in their upper courses, but found themselves
unable to earry it through their lower courses. Aggradation
of the side valleys was the result, and this aggradation appears
to have kept pace, essentially, with the upbuilding of the bottom
of the main valley. The sediments of the side valleys were,
however, unlike those of the main valley. The latter were
derived partly from the north, from the Newark and older
rocks, while the former were contributed by streams flowing
through the Cretaceous and Tertiary sands, marls, and clays
and the Bridgeton and Pensauken sands and gravels.

In the Cape May formation, therefore, we have a twofold
subdivision, comparable to that of the Pensauken. In this
case, however, the phase derived from the north was much
more narrowly restricted than the corresponding phase of the
Pensauken formation. Furthermore, the deposition of the
Cape May formation is so recent that the perishable constitu-
ents have.not yet decayed to any great extent, and the two
formations are in sharp contrast, so far as their physical condi-
tion is concerned.

The Cape May sediments in the side valleys are very like the
Pensauken sediments of the same region. They have, however,
a fresher look, have been less ferruginated, are less commonly
cemented by iron oxide, and contain more fragments of ferru-
ginous sandstone from cemented layers of the Cretaceous,
Tertiary, or early Quaternary deposits of the region.



The Cape May deposits in the tributary valleys rise upstream,
like the deposits of Pensauken age, previously outlined, and
all other stream deposits. In the upper courses of the tribu-
taries they may rise to an elevation equal to that of the
Pensauken. In such places the separation of the two may be
diffieult, especially in the absence of good exposures, but as
a rule the topographic relations make the correlations elear.

It seems possible that the surfice may have been a little
lower than now at some stages of the Cape May epoch. If so,
this checked the streams in their lower courses and favored
deposition there. Decisive marine fossils have not been found
at any point in this area, but they have been found farther
south in New Jersey, up to elevations of 10 feet or so above
the sea, showing that the sea water stood a little higher than
now during some part of the epoch, at least in the southern
part of the State. Topographic features at various points about
the shore of New Jersey sugeest that the land may have been
depressed as much as 30 or possibly 40 feet during this epoch.

A few miles south of this quadrangle fossil marine diatoms
have been found in the loam overlying or constituting the top
of the Cape May formation, up to elevations of about 60 feet.
They are, however, not regarded as decisive of submergence,
for they are easily blown about and might be carried far
inland and well above the sea by the wind.

Erosion.—After the deposition of the Cape May formation
renewed activity of the streams resulted in the partial removal
of the newly deposited gravels and sands. The remnants of
the old plains of aggradation now remain as terraces, locally
ill defined. Terraces below the original Cape May level have
been developed in some places, especially in the Delaware above
Trenton, and lie above the present flood plains. Above
Trenton little of the original plain of deposition remains, but
in the vieinity of Trenton the wide plain of the Cape May
formation is near the level at which it was laid down.

UNCLASSIFIED GRAVHELS AND BANDS,

Congiderable areas of the quadrangle are shown on the
geologic maps as having a covering of surface sediment, the
classification of which is not evident, The material so marked
on the map is sand and gravel, not notably unlike that of the
other formations, or in some localities not very unlike the
weathered part of the underlying terrane.  Much of this unclas-
sified gravel and sand is thin, and in many places it does not
wholly conceal the Cretaceous or Miocene beds beneath. It is
of various ages. Some of it probably represents loeal aceu-
mulations during the post-Bridgeton erosion interval and
some of it is to be referred probably to the post-Pensanken
epoch, while in other places remnants of Bridgeton, Pen-
sanken, or Cape May, whose relations are not clear, may be
included.

Included in this division is some peculiar sand south of
Doctors Creek between Imlaystown and Allentown, east of
Crosswicks Creek between New Eeypt and Walnford, south
of the same creek for about 3 miles west of Walnford, and
along Blacks Creek between Jacobstown and Chesterfield. It
has somewhat the disposition of dune sand, and its surface has
heen much modified by the wind, but Mr. G. N. Knapp thinks
it is not primarily of eolian origin.

KOLIAN SAND.

In recent times the wind has blown sand and loam about to
some appreciable extent. Dunes are nowhere conspicnous, but
there is some wind-blown sand at many points, as north of
Bordentown, in the vicinity of Stevens, about Burlington,
Sykesville, and elsewhere.

In many places there is a little eolian sand and loam on the
bluffs bordering the Delaware. .Such deposits oceur at various
points about Trenton. They are rarely more than 2 to 4 feet
deep, but arein places suflicient to make a little ridge or gwell
along the edge of the bluff, high enough to be readily detected
in this region of slight relief.

In other places eolian sand and loam are found on slopes,
as at various points above Trenton. In most such sitnations
the eolian material has a disposition comparable to that of the
loess in the valleys of the interior. The material is, however,
not loesslike. Most of it appears to have been blown up from
the modern flood plains, or from the edges of the Cape May
terraces, in the course of the degradation which gave rise to
them.

SURFACHKE LOAM.

At numerous points in the area there is a loam which
constitutes the latest phage of depogition. It lies on the Cape
May terraces and on the Pensauken at various levels and is
distinet and conspicuous at some points on the Brunswick
ghale, especially along the Delaware and between Trenton
Junetion and Pennington. Locally, as near Pennington, it is
used for brick clay. The origin of the loam is not clear. It is
not altogether the produet of decay of the underlying forma-
tion, It is possibly wind blown, but locally it has a structure
which seems to preclude this as the complete explanation.

Trenton.
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The view has been entertained that it might represent a tem-
porary submergence of the region subsequent to the Cape May
epoch or at its close, but the evidence supporting this view is
not convineing. So far as now known, the loam may have
originated in various ways and at various times, in spite of its
appearance of unity.

STRUCTURAL GEOLOGY.
PIEDMONT PLATEAU AREA.

SETRUCTURE IN THE PRE-TRIASSIC ROCKS.
By F. Bascou.

GENERAL STATEMENT,

The prevailing structural features of the Piedmont Plateau
are major folding of the Appalachian type, forming anticlinoria
and synclinoria which extend for long distances northeast and
southwest and are roughly parallel; gentle minor folding at
right angles to the major folds; normal and thrust faulting of
varying magnitude; and a very complete metamorphism of the
formations, associated with the production of cleavage and
fissility.

A small portion of the Platean is covered with Triassic
sediments and with outliers of the Coastal Plain deposits,
whose freedom from metamorphism and struetural simplicity
are in striking contrast to the complexity of the erystalline
floor upon which they rest.

The structures of the erystalline formations are due to com-
pressive force acting in a northwest-southeast direction normal
to the strike of the major folds; and the gentle transverse fold-
ing is due to a minor force acting at right angles to this major
foree.

While much remains to be accomplished in the mapping of
these major anticlines and synelines in their extension through-
out the Piedmont Plateau, some well-defined folds have been
recognized. One anticline extends from the neighborhood of
Cabin John, on the west of the Washington quadrangle, where
it has been traced by Keith, northeastward through Maryland,
where it has been mapped by Mathews, into Pennsylvania,
where it shows itself in the Buck Ridge anticline. East of this
anticline two synclines and an anticline have been partly
traced in Maryland and the District of Columbia; they are not
well defined in the Trenton district.  West of the Cabin John-
Buck Ridge anticline is a synclinal basin which is clearly
marked in Pennsylvania and Maryland. In Pennsylvania it
is the Chester Valley syncline. It passes through Maryland
in the neighborhood of Cardiff’ and was recognized by Keith in
the Washington area just west of Great Falls.

The Cambro-Ordovician sediments of the whole width of the
Piedmont Plateau, the Triassic formations which conceal a
broad central area being ignored, apparently form an anti-
clinorium, which has brought to the surface pre-Cambriam
gneiss along a central axis flinked by Cambrian quartzite,
Cambro-Ordovician limestone, and Ordovician mica schist.
The surface outerop of these formations is interrupted parallel
to the strike and is controlled in width by the minor folding
which, alternately bending the axis of the anticlinorium in a
low trongh or raising it in a low arch, brings successively
younger or successively older formations to the surface. There
is, then, an anticlinorium compounded of anticlines and syn-
clines of the first order, which are in turn composed of
secondary and tertiary anticlines and synclines.

The secondary folds in the limestone and quartzite of the
eastern portion of the Platean are isoclinal in character and are
uniformly overturned to the northwest, while in the gneisses
and schists they are more varied, ranging from open and nearly
symmetrical to inelined, overturned, or isoclinal folds. The
folds are for the most part overturned to the northwest.

Normal and thrust faults are both found in the Piedmont
district. The Triassic sediments, which were raised without
folding or with slight folding and with a very gentle northwest
tilt, for the most part show normal faults so numerous that
they may be seen in every extensive exposure of the Triassic.
It is impossible to ascertain their total number or the amount
of displacement, which is locally very slight. They were
developed in connection with the ecrustal movement which
resulted in the uplift of the Triassic sediments and presumably
are not confined to the present Triassie, but occur also in the
adjacent crystallines. It is very difficult to trace such faults in
the latter rocks, however, in the absence of well-defined beds.

Thrust faulting is the rule in the Appalachian structure and
many important faults of the Piedmont Platean are of this
nature. Those that have been traced in the southern Piedmont
area lie nearly parallel to the plane of schistosity of the forma-
tions; that is, they dip at a high angle. Adjustment by means
of innumerable microscopic dislocations has also taken place
along planes of schistosity, which are thus converted into
planes of fissility.

STRUCTURE IN THE TRENTON QUADRANGLE.
The structure of the formations of the Trenton area is shown

in three structure sections which are given on the structure-
section sheet. The vertical and horizontal seales are the same,

and the actual dips of the strata as they appear at the surface
are incorporated in the sections.  Of course, on the scale of the
map the more detailed structures can not be shown, and all
tertiary folds are omitted from the sections. Faults are repre-
gented on the map by heavy solid lines and in the sections by
a solid line whose inclination shows the probable dip of the
fault. The relative direction of the movement of the strata on
either side of the fanlt plane is indicated by arrows.

The Baltimore gneiss and Chickies guartzite of the Trenton
quadrangle are part of the Cabin John-Buck Ridge anticline
of the first order on the southeast flank of the great anti-
clinorium of the Platean. Of this primary anticline the
quartzite iz the southeast limb and is itself folded in a
compressed secondary syncline. (See section C-C.) The
northwest limb of the primary anticline is concealed beneath
the Triassic cover. Upon the southeast flank of this anticline
the Wissahickon mica gneiss has been thrust with a steep dip
to the southeast. The evidence for the existence of such a
fanlt consists in the absence on the southeast limb of the anti-
cline of the sequence of sediments found on the northwest limb
where that is exposed. Both the Cambro-Ordovician limestone
and the Ordovician schist are missing, and the Wissahickon
mica gneiss can only overlie the Chickies quartzite by means
of a thrust fault. The mica gneiss is folded into erumpled and
overturned anticlines and synclines which are parts of a
primary anticline.

In the Trenton quadrangle the igneous material has intruded
itself in irregular masses or chonoliths parallel to the strike of
the axis of the major folds and is confined to the gneisses and
the Franklin limestone. Minor folding transverse to the major
folds is not apparent. In the Wissahickon mica gneiss there
is usually a well-defined cleavage dipping steeply southeast,
while the bedding planes may dip either southeast or north-
west or may remain nearly horizontal. In the quartzite cleav-
age and bedding planes both dip steeply southeast. The
average dip is 85° and the strike N. 75° E. The dip of the
structure planes of the Baltimore gneiss adjacent to the quartz-
ite is also steeply southeast, and the average strike is like that
of the quartzite.

The Shenandoah limestone north of New Hope has been
brought to the surface by normal faulting, as illustrated in
section B of figure 2.

STRUCTURE IN THE TRIASSIC ROCKS.
By N. H. Dartox and H, B, Kiser,
GENERAL STATEMENT.

The Newark rocks in New Jersey present an extensive
monoclinal structure with low dips to the northwest. The
monocline gives place to local flexures in some portions of the
region, especially in the Passaic Valley west of the Watchung
Mountains and farther south in the vicinity of the western
margin of the group. The monocline is also traversed by
faults with throw of several thousand feet and many minor
diglocations. The intrusion of the diabase has caused many
local disturbances of the strata, partly by flexures and partly
by dislocation, especially where the igneous rock increases in
thickness or changes from one horizon to another. In the
Trenton quadrangle the monoclinal structure is general over a
wide area in which the strike is N. 30° K. and the dips mostly
from 12° to 15°.

The beds of the Stockton and Lockatong formations are
most constant in dip and strike, so that the monoclinal strue-
ture is most marked in their areas. The Brunswick shale
region is traversed by shallow folds, some covering an area of
several square miles. One of these occupies an area of moderate
size south, east, and northeast of the Sand Brook sheet of
basalt, where there is a shallow syncline prominently marked
by the curved outerop of the basalt. Several examples of
sharp folds occur near Glenmoore and southwest of Hopewell,
not far from the end of the Rocky Hill ridge.

Two great faults traverse the monoeline; one of them west
of New Hope is of such throw that it brings to the surface the
Paleozoic floor. In places along the faults there is considerable
loeal flexing of the strata.

STRUCTURE OF TRIASSIC ROCKS IN THE TRENTON QUADRANGLE.
DIPS AND FLEXURES.

Along the Delaware, between Trenton and Titusville, the
shales and sandstones have an average dip of 12°, but the direc-
tion varies from N. 35° W. to N. 5° W, Near the diabase of
Baldpate Mountain, north of Titusville, the dip increases to
20°,  East from the river, toward Pennington and Lawrence-
ville, the dip varies from 10° to 22° with an average of 15° or
16°, and has a general direction of N. 35° W, with many local
variations. South of Rosedale the dip is as high as 40°, and
thence eastwara to Millstone River averages about 20° with
direction varying from N. 10° W. to due north.

Along Stony Brook, above and below the Lawrenceville
pike, and along the pike itself there are great and abrupt
changes of dip and strike within narrow limits, but good expo-
sures are not sufficiently numerons to throw light on the
structure. The strikes range from N. 30° W. to N. 70° L.
and the dips from 10° to 50°.



North of Baldpate Mountain the dip of the shale varies
both in amount and direction. In some places the strike is
parallel to the outline of the igneous sheet, in others at right
angles to it. In some exposures the beds dip toward the
diabase and in others away from it.

In the brook just west of the south end of Pennington
Mountain the shale is seen at intervals for half a mile dipping
southward at an angle of about 20°.  The dip then changes to
northward, with an average amount of 10° At one point
along the stream the metamorphosed and crushed shale near
the diabase forms a small indistinet anticline.

Between Pennington and Glenmoore the onteropping edges
of the shale make a sharp § eurve. A mile north of Penning-
ton the strike is east and west and the dip 16° N.; halt a mile
south of Marshalls Corner the strike is N. 40° W. and the
dip 37° 8W; just north of Marshalls Corner the strike is
N. 25° E. and the dip 30° NW.; at Glenmoore the strike
is N. 65° W., changing gradually to N. 35° W., and the dip
30° NE.; northeast of Glenmoore the strike gradually shifts
again to N. 35° E,, with a dip of 12° NW,

Another small fold in the shale occurs 1} miles southeast of
Glenmoore, forming a shallow syncline, with axis inclined
northward. The diabase of Rocky Hill, 1 mile north, cuts
squarely across the strike of the beds in this fold.

FAULTS.

General features—The Newark group in the Trenton area
is traversed by two great faults with throws of several thousand
feet and by numerous minor dislocations. These faults are not
connected with flexures and are later than the igneous intru-
sions or flows. They trend northeast and southwest, partly
parallel with the strike of the strata, but the larger ones cross
the strike at small angles for part of their course. Except in a
few minor faults the downthrow is on the southeast side.
The direction and amount of hade are not known except for
one small fault near Harbourton. In general the dislocations
appear to be along a single plane, but locally there is a narrow
zone of shattered rock. In places the strata are crumpled
and upturned along the fault. Exposures of the faults are
exceedingly rare, especially any which show the details of
the dislocation.

Brookville-Ileminglon faulf—The great dislocation known
as the Brookville-Flemington fault traverses the center of the
Newark group along a general northeast-southwest course. Its
principal features are shown in figure 2. A short distance
west of Lambertville it brings to the surface the Paleozoic
limestone floor in contact with beds high in the Brunswick
shale. Here its maximum throw is probably not less than
11,000 feet, for it cuts off the entire thickness (G000 feet) of
the Stockton and Lockaiong formations and 5000 feet or
more of the Brunswick shale. The limestone extends to
Delaware River, where it passes beneath the basal conglom-
erate of the Stockton, and the fault, after crossing the river
a few hundred yards south of Brookville, separates beds high
in the Lockatong from basal Stockton beds. The fault
branches a short distance west of the river and the branch
dislocation passes southeast of Mount Gilboa, joining the main
fanlt again a short distance south of Headquarters. By this
means a long oval block is cut off, consisting on the surface
mostly of Lockatong beds; it includes the Mount Gilboa
intrusive mass and north of Dilts Corners overlies a small
wedge-shaped mass of upper Stockton beds. Near Headquar-
ters and Sand Brook the fault is single and has a displacement
of about 8500 feet, bringing about 2600 feet of Brunswick
shale into contact with Jower Stockton beds. It cuts off the
basalt of SBand Brook east of Sand Brook post-office. A short
distance farther north the fault again branches and brings up
an area of Lockatong shale, as shown in the upper section of
figure 2. The strata in the middle block are considerabiy
disturbed. For much of its course, the Brookville-Flemington
fault extends along the foot of the Hunterdon Platean escarp-
ment. It is not clearly exposed at any point, but in its imme-
diate vicinity the sandstone and shale are crushed, slickensided,
and locally contorted.

In the north bank of Delaware River the fault is indicated
by a slight notch in the bluff a few hundred yards south of
Brookville. A few yards north is a ledge of coarse arkose;
and 50 yards south a small quarry in erushed and erumpled
black shale shows many slickensided surfaces and in part
resembles a fault breccia.  To the north the exposures of beds
near the fault are poor and scattered, but on the west side rises
a ridge of hard sandstone and conglomerate of the Stockton
formation, which is eut off by the fault south of Headquarters.
A second low ridge of harder sandstone is cut off by the fault
east of Sergeantsville and a third one is terminated in the same
manner northeast of Sand Brook. Northeast of Sand Brook,
where the fault has brought the Lockatong argillites against
the softer Brunswick shale, there is more marked contrast in
topography than where the Stockton sandstone abuts against
the shale.

East of Sand Brook the fault cuts off the west side of the
shallow syncline of the Brunswick formation, probably eausing
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the northwestern termination of the small sheet of extrusive
basalt included in the shale in this flexure. Local disturbances
in strata near the fault are exhibited at various points in this
vicinity, notably in a ledge of red shale below the mill pond at
Sand Brook, where the dip is to the south at an angle of 45°,
probably indieating downward drag toward the fault, which is
supposed to pass a short distance south of the exposure. A
mile northeast of this locality, in the bed of a brook near
Thomas Dalrymple’s, there is a ledge of erushed and bent black
argillite traversed by many joints with slickensided surfaces.
The fault is believed to pasg near by.
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FrauRE 2 —Sections across the Brookville-Flemington fault: A, Northwest
of Copper Hill; B, on Sand Brook ; C, north of Dilts Cornere; 0, along
north side of Delaware River; E, 2 miles southwest of Delaware River.
Seale, approximotely 1 ineh = 2 miles.

Con, Bhenandoah limestone; T, Stockton formation; T, Lookatong formation: %e, Brunswick

shala; Fiks, basalt flow. Hade of faults nob determbzed, bt probally steep,

Hopewell faull.—The Hopewell fault extends in a sinuous
course from Buckingham Township, Pennsylvania, bevond
the north end of Sourland Mountain. It crosses the Delaware
near Moore and extends through Harbourton, west of H ope-
well, and thence along the foot of the east slope of the Sourland
plateau. In New Jersey the fault traverses the strata obliquely,
and from Harbourton to Bkillman the upper sandstones of
the Stockton formation= abut against the middle portion of
the Brunswick shale with a maximum displacement of not less
than 6000 feet in the vicinity of Hopewell and Glenmoore.

The height and prominence of the Sourland platean north of

Skillman is due to the contrast in hardness between the Locka-

tong and Brunswick beds brought together by the dislocation,

and quickly disappears as the fault erosses the strike and with
diminishing throw passes out into Brunswick shale to the
north. In Pennsylvania, where the fault is in Brunswick shale
and of diminished amount, it is difficult to trace. It is believed
to cut off the diabase in Jericho Mountain and to pass through
the old baryta mine. The fault plane is nowhere exposed and
in many places its location can not be determined within 50
feet. In the beds of streams evidences of the fractures are usu-
ally found in the crushed and slickensided condition of the
rocks, and in a few localities the strata are steeply bent. Such
features appear along the stream 1} miles west of Harbourton,
near the end of the diabase ridge. 1In the bed of the first brook
east of Hopewell, about 400 yards north of the railroad, a ledge
of erushed and slickensided shale and sandstone is exposed,
which dips 15° 8. Twenty yards farther upstream the
Stockton beds in the up-thrown block show the normal north-
westerly dip, and downstream the Brunswick shale has a strike
of N. 15° E. and a dip of 20° W. The fault passes a few
yards south of the crushed beds. Similar phenomena oceur in
the bed of the next brook east, near the foot of the escarpment,
not far from the house of David Labaw. Here the Stockton
formation in the uplifted block has been dragged down at
the fault line so that it dips 72° 8. Along the Sourland
Mountain voad 2 miles southwest of Plainville, where the
soft red Brunswick shale has been brought down against the
hard dark-green Lockatong beds, there is striking contrast in
color of the surface in the neighboring fields. Near the fault
both rocks have been. so completely crushed and afterward
disintegrated that nearly all traces of the bedding planes are
destroyed. Outerops in the bed of Roaring Brook, southwest
of Plainville, show the same kind of disturbance. East of the
fault line in this vieinity the normal strike of the red shales is

N. 55° W. and the dip 15° NE., while west of the fault the

strike of the Lockatong beds is N. 75° I. and the dip 15° NW.

Five-eighths of a mile west of the Plainville-Skillman road the

black shale dips southeast at an angle of 45° and is considerably

crushed.  For 200 yards up the brook exposures of contorted

beds, with slickensided surfaces parallel to the great fanlt, show
that the beds have been much disturbed. The diabase in the
quarries at the end of the Rocky Hill ridge south of Hopewell
is traversed by many joints, which are in general parallel to the
fanlt that passes just to the west.

In many loealities the different layers terminate abruptly
where the fault crosses their strike, a feature which is promi-
nent in some of the ridges formed by hard beds. An instance
of this oceurs just east of Harbourton, where a ridge of hard
sandstone begins in the upthrown block and extends northeast,
the fault here trending more to the east than the strike of the
strata.  Another instance is southwest of Hopewell, where
the diabase of Rocky Hill is terminated by the fault in the gap
through which the railroad passes. West of Skillman the
fault trends more nearly north than the strike of the strata
and, crossing the sandstones of the Stockton obliguely, soon
passes into the argillites of the Lockatong. : :

North from Skillman the fault is oblique to the course of
the argillite, which, with the diabase, forms the Sourland
plateau, and, as a consequence, the highland soon comes to an
abrupt termination. It was at first supposed that the diabase
sheet would be found to be cut off in turn by the fault, but
this does not seem to be the case. It thins out and terminates
ghortly before reaching the fault.

South of Plainville the strike of the red-shale beds trends at
right angles to the fanlt line, and for some distance the strata
abut squarely against it. Owing, however, to their uniform
softness they do not form ridges and the evidence from topo-
graphy is lacking; the diverse structure on either side of the
fanlt is, however, strongly marked.

Minor faults—Ilt is extremely difficult to detect faults which
are entirely in the sedimentary rocks, unless they are of suffi-
cient magnitude to repeat some of the formations, or unless
the fault plane itself is exposed. This is due to the absence of
individuality in the beds of each formation. Even when faults
are detected it is difficult to estimate the amount of dislocation.
Some of the faults described below are well exhibited, but the
presence of some others is only inferred. In nearly all the
amount of dislocation is probably small, but in a few it may
be very much greater than has been supposed.

Several very slight faults occur in the Trenton Brownstone
Company’s quarries in the sandstones of the Stockton formation
at Wilburtha. Faulting in a nearly horizontal direction is
exhibited in the quarry of Dennis Roe at the same place.

A fault was found in the bed of the creek almost directly
south of the southwest termination of the diabase mass 2 miles
northwest of Pennington. The fault plane trends N. 22° E.,
nearly parallel to the strike of the adjoining shale, and it dips
27° NW. Continued northward, it passes along the western
margin of the diabase, the termination of which may be due to
the fault. Hard green argillaceous sandstone outcrops on
the west side of the fault and red-brown shale on the east side,
both belonging to the Brunswick formation. No fault breccia
is present. To judge by the slickensided surfaces, the uplift
has been on the westward or dip side, forming a reverse fault.
The amount of dislocation ean not be determined at this
expusure. This fault was also observed in the bed of a brook
one=half mile farther south, but no traces of it could be found
beyond that point.

In the bed of a brook 1} miles west of Harbourton, near the
Hopewell fault, a fault is exposed along which heavy argillite
abuts against red flagstones of the Lockatong formation. The
fanlt plane strikes N. 65° W. and its dip is 40° SW. The
slickensided surfaces indicate that the motion was nearly hori-
zontal and the vertical component was small, but the amount is
indeterminable.

In the bed of a small ravine midway between Moore and
Lambertville a vertical slickensided face of dark-red shale of
the Lockatong indicates a horizontal motion in a direction
N. 40° E. The amount of dislocation is unknown. The
adjoining rocks are considerably erushed.

North of Lambertville a fault is shown in the bed of the
second tributary to Alexauken Creek, where green-black shale
abuts against red shale and both rocks are somewhat shattered.
The fault plane trends N. 12° E. but could not be traced beyond
this exposure.

An obsecure fault along which the rocks are much erushed
is exposed in a ravine one-half mile west of Mount Airy. All
along this ravine the dips are irregular and the rock shows
repeated indications of dislocation and shearing, These beds
are not far from one of the smaller diabase masses and their
disturbed condition may be due in part to its intrusion.

A fault is seen in a high ledge of shale exposed along the
bank of a brook 11 miles south of Bowne, on the Flemington
branch of the Pennsylvania Railroad. The throw is only 3 feet,
but the fault is of interest because it is one of the very few
where the downthrow is on the west or dip side.

A fault of unknown throw is exposed in the cut of the
Philadelphia and Reading Railroad a few hundred yards west of
Yardley station. The best exposure is on the north side. The
fault trends northwest and southeast and is in strata dipping
gently to the north-northwest. On the east side are conglom-



eratic beds and on the opposite side red shale. The fault plane
is ocenpied by a dike 5} feet wide, standing nearly vertical. A
portion of the shale is somewhat upturned along the contact.
From this it is believed that the downthrow is on the west side,
but its amount could not be ascertained.

COASTAL PLAIN AREA.

By W. B. Crank,

The Coastal Plain has not the simple structure which was
earlier assigned to it. From the beginning of Cretaceous time
onward the angle and direction of tilting constantly changed,
and although the angle of dip is to-day slight and its direction
is prevailingly easterly or southeasterly, it differs in nearly all
the formations. As a result of uplifts and depressions the
landward margins of the formations particularly show much
complexity, with a marked change in the sequence ot deposits
from point to point. At times transgression has buried the
landward outerop over wide areas, though the formation may be
found in sections farther east. These differential movements
have in parts of the Coastal Plain even brought about the total
disappearance above sea level of entire groups of formations,
although they may be found far from the region of surface
outcrops in some deep-well borings.  The sequence and general
eastward inelination of the strata are shown in figure 3.

The older formations of the Potomac group exposed in
Delaware and Maryland have been in this way gradually
transgressed toward the north in New Jersey and Pennsylvania
by the Raritan, while toward the south the Raritan is itself
eradually transgressed by Upper Cretaceous formations until
it finally disappears in southern Maryland, the Matawan
deposits resting directly on the Patapsco.

The Upper Cretaceous formations from the Magothy to the
Manasquan, as well as the Eocene Shark River beds, are simi-
larly transgressed from New Jersey southward by the Aquia
formation, of late Eocene age, although the probable northward
extension of the Aquia is again buried by transgressions of
Miocene strata, with the result that the Shark River and Aquia
formations nowhere come into actual contact so far as known.
Although the lowest beds of the Matawan still outerop as far
south as southern Maryland, they disappear in Virginia below
the Aquia formation, being represented in that State only in
deep-well borings near the seaward edge of the Coastal Plain.
Transgression likewise oceurs within the series of Miocene
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the Matawan. The later Upper Cretaceous formations are
evidently conformable to the Matawan, but a pronounced
unconformity ocenrs between them and the overlying Miocene
Kirkwood formation. The latter is overlain unconformably
by the Cohansey sand, of later Miocene age, and the Pleistocene
formations rest everywhere unconformably upon the underly-
ing deposits.

An epitome of the oscillations of the Coastal Plain in this
area is as follows:

SBubsidence and deposition of the Patapsco formation,

Uplift and erosion.

Subsidenee and deposition of the Raritan formation with northerly
tilting.

Uplift and erosion.

Subsidence and deposition of the Magothy formation with southerly
tilting. "

Uplift and erosion.

Subsidence and deposition of the conformable sequence of Matawan,
Monwouth, and Ranecocas groups and Manasquan formation with
southerly tilting.

Uplift and erosion.

Subsidence and deposition of the Kirkwood formation with northerly
tilting accompanied by extensive transgression over the latest Creta-
eeous and Eocene formations.

Uplift and erosion.

Subsidence and deposition of the Cohansey sand with northerly
tilting.

Uplift and erosion producing main drainage lines,

Subsidence and deposition of the Pleistocene formations at different
levels during the suecessive oscillations,

HISTORICAL GEOLOGY.
PIEDMONT PLATEAU AREA.
By F. Bascou,

SEDIMENTARY AND IGNEOUSE RECORD,

While the Atlantic basin and the North American conti-
nental platean are very ancient, the North .American continent
in its present form is much younger.

At the time when geologic history began in the Trenton
quadrangle the present continent had not come into existence,
and only isolated and limited portions of the continental plateau
were above the sea.  Along the Atlantic border there existed a
comparatively small land mass, which has been called Appa-
lachia. Appalachia extended east of the present shore line, but
probably not beyond the present continental platean. West of
it was the Appalachian sea, in which sediments were accumu-
lating. The western border of Appalachia, which would
include the Trenton district, was submerged during the early
history of this region. During this submergence, which began
in pre-Cambrian time and continued with a considerable inter-

Beginning perhaps at the eclose of Devonian time and
continning until the close of Paleozoic time there were earth
movements along the Atlantic border which resulted in the
uplifting, folding, and recrystallization of these sediments.
The eroded pre-Cambrian crystallines were further deformed
and faulted. The beach deposits of Cambrian time were altered
to quartz conglomerate, quartzite, and quartz schist. The cal-
careous sediments were metamorphosed into caleareous schist
and crystalline limestone. The sandy-clay deposits were con-
solidated and erystallized into a schist,

The uplifting of these sediments above the sea was probably
not continuous but intermittent, and while erosion did not
keep pace with the upward movement, Paleozoic topography
undoubtedly never exhibited perfect constructional forms; that
is, the arches and troughs of the folded crystallines never
existed unmodified by erosion, and before the beginning of the
next period of sedimentation of which there is record, they had
heen eroded to a relatively even surface.

This period, known as the Triassic, is separated by a long
interval of time from Ordovician sedimentation. There was
time enough in this interval for the formation by uplift and
removal by erosion of mountain ranges, and finally for the
development of great tidal estuaries or inland basins embracing
all the areas now covered by Triassic formations.

These basins were long, narrow troughs roughly parallel to
the coast and extending from Hudson River through New
Jersey and Pennsylvania into Virginia and North Carolina.
They were probably due not to erosion, but to warping or
faulting, and early in their history possessed shores steep
euﬂugh, on the west at |(_=,:|:-sl, to :‘-,tllppl:y' to the hasing caleareous
eliff débris and quartzose gravel. A limestone breceia, which
has considerable local development on the western border, and
a quartzite conglomerate are evidence of this configuration.
The character of some of the other formations, consisting of
cross-bedded and ripple-marked sandstones, or of sun-dried and
cracked sandy shales, or of shales rich in carbon, shows that
the basin or basins in which they accumulated were shallow,
were bordered by low shores, and were associated with mud
flats, or, oceasionally, with marshes in which vegetation thrived
and decayed. Huge reptiles, now extinet, and other verte-
brate animals wandered over these mud flats, and their tracks,
impressed on the soft mud, are now preserved in the indurated
mudstone or shale.
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FraurE 3.—@eneralized cross seetion of the Cretaceous and Tertinry deposits southeast of Trentom  Horizontal seale, same as map ; vertical scale, 10 times the horizontal,

gn, Pre-Triassic erystalline rocks; Ke, Raritan formation, probab
town sand: Kmi, Marshalltown formation; Kel-Bw, Mount Laurel and Wenonah sands;

formation; Te, Cobansey sand.

formations, the Choptank formation of Maryland and it possi-
ble equivalent in New Jersey, the Cohansey sand, gradually
overlapping the older beds.

The marked changes in the sequence of strata from one part
of the Coastal Plain to another produced by these transgres-
sions are reflected in the angle and direction of dip of the beds.
In general the dip is slight, ranging from 40 to 50 feet to the
mile in the earlier Cretaceous formations to 10 to 15 feet to
the mile in the later Tertiary deposits. The direction of the
dip, although in general easterly, is somewhat more northerly
in the Lower Cretaceous formations than in the Upper Creta-
ceous and Eocene formations, where it becomes progressively
more southerly. In the Miocene beds, however, the direction
of dip swings gradually back toward the north and reaches its
¢limax in this direction again in the upper Miocene. From the
gradual disappearance northward of the marine Pliocene beds
of the Carolinas, the direction of dip evidently changes again
to the south before the end of the Tertiary is reached.

The mantle of Pleistocene formations everywhere slopes
gradually seaward and locally toward the channels of the
varions estuaries, These formations occur as a veneer over
the older deposits.

In the region of the Trenton quadrangle, as elsewhere in the
(oastal Plain, the Lower Cretaceous formations dip eastward
at greater angles than any other of the Coastal Plain formations,
about 40 to 50 feet to the mile, while the unconformably over-
lying Upper Cretaceous formations have a slightly smaller dip,
about 35 feet to the mile, but in a more southerly direction.
The Miocene formations, which unconformably overlie the
Upper Cretaceous deposits in this area, the Eocene being
absent, dip at a still less angle, about 15 feet to the mile, but
in a more northerly direction, which becomes progressively
more marked in the higher beds, this being shown by the
general overlap of the lower Miocene beds by the higher,
toward the north. The overlying mantle of Pleistocene forma-
tions has in general the same characteristics as in adjacent
areas, as already deseribed for the whole Coastal Plain distriet.

Numerous unconformities appear in the series of Coastal
Plain formations. Exclusive of the formations not represented
in this district, the first appears between the Raritan and
Magothy formations, and another between the Magothy and

Trenton.

ruption through Cambrian and Ordovician time, there was
deposited in the Trenton distriet a littoral belt of micaceous
feldspathic sand, grading seaward into arkosic sand. These
sediments accumulated upon an uneven gneiss floor and in an
encroaching sea which permitted the argillaceous material to
collect to the east of the earlier arkosic deposits. In this way
the arkosic sand was overlain by argillaceous mud or—on the
east—was altogether supplanted by it. This mechanical sedi-
mentation was succeeded, in the north at least, by an organie
and chemical deposit of ealeareous material.

The sediments grew to a thickness undetermined and in a
period not definitely known, but presumably long enough
before Cambrian time to permit not alone their accumulation,
but also their consolidation, metamorphism, and uplift to a
land surface.  This uplift was accompanied by the intrusion of
great igneous masses, represented in the Trenton guadrangle
by gabbro and serpentine.

When the sea again encroached upon the land it probably
did not reach the eastern edge of the Trenton area. In this
sea a pebbly beach deposit was formed, derived from the newly
elevated sediments. This deposit was thin and was succeeded
immediately by a clean beach sand. The land mass to the
east did not, even at first, stand at a sufficiently high level to
give its streams the velocity necessary for the transportation of
coarse material, and soon, with the lowering of the land by
denudation, only the finest material was brought down by the
strenms.  With a slight deepening and consequent clearing of
the sea, caleareous sediment acenmulated.  This continued into
Ordovician time, when the sea shoaled again and received from
the land a sandy clay deposit.

The Trenton quadrangle shows no record of further sedi-
mentation during Paleozoie time. It is not probable, however,
that the subsequent movements of uplift followed Immediately
on the deposition of the sandy elay and that sedimentation in
this region ceased. The amount of material deposited in Paleo-
zoie time which has disappeared through subsequent erosion
is not known but was presumably considerable. On the
New Jersey Piedmont Plateau a partial record is left of
overlapping sedimentation during Silurian and Devonian time,
succeeded by an uplift which was characterized by open fold-
ing, faulting, and little or no metamorphism.

Iy underlnin by older Cretaceons doposits in the desper part of the seetion: Km, Magothy formation: Kme, Merchantville clay; kwb, Woodbury clay; ke, Exnglish-
Krs, Mavesink marls 6, Redbank sand; kh, Hornerstown marl; Ke, Vincentown sand; Kma, Manasquan formatlon; Tk, Kirkwood

Before the close of this period of Triassic sedimentation
igneous material was intruded between the beds or traversed
them in the form of dikes or flowed out at the surface. Fol-
lowing the consolidation and accompanying the uplifting and
centle tilting of these sediments, titanic crustal movements
occurred, dislocating the sandstones and shales and associated
igneous rocks, and rupturing and displacing the formations
along planes of fracture.

There is little if any record in the Trenton quadrangle of the
events of the following period, the Jurassic. Erosion rather
than sedimentation marks this period. Toward the close of
Jurassic time, however, and at the opening of the suceeeding
Cretaceous period estuarine conditions prevailed.

The most inland estuarine basin was located on the eastern
horders of the former Triassic estuary and included in its floor
the adjacent crystallines on the east, where, alone, remnants of
the estuarine deposits have escaped erosion.  Another estuarine
hasin exists to the east in the Delaware basin, embracing con-
siderable areas in the Coastal Plain. Deposits of both these
estuaries appear in the Trenton quadrangle. Those of the
inland one occur in scattered ountlying areas on the plateau,
while those of the Delaware are represented by more or less
continuous remainsg in the basin of that stream and on the
adjacent Coastal Plain.

About the middle of Cretaceous time the barrier between the
Delaware estuary and sea disappeared, and the Paleozoic erys-
tallines with their cover of early Cretaceons deposits were
submerged heneath the Atlantic. This submergence, which
scarcely reached west of the Delaware, was gradual, and was
accompanied by seaward tilting and landward uplift.  Erosion
on the plateau was renewed and supplied materials for thick
beds of sand and clay.

While, on the whole, during later Cretaceous time depressions
of the sea floor inereased at the same time that erosion, lowering
the surface of the land, decreased the activity of the streams,
which consequently supplied a diminished amount of mechan-
ical sediments, there must also have been oscillation of the level
of sea floor and land surface, acecompanied by variations in the
angle and direction of tilting. The interbedding of sand,
aravel, and elay, which characterizes the deposits of this period,
indicates temporary changes in the activity of the streams,



while the differences in direction and amount of dip of these
formations indicate warping of the sea floor.

The deposits of Upper Cretaceous time have suffered little if
any alteration since their deposition.

The periods following the Cretaceons—the Tertiary and
Quaternary—were marked by a changing shore line, by renewed
uplift of the Appalachian Province entailing the doming of the
Piedmont Plateau, and by the glaciation of northern North
Ameriea. The accelerated rivers, supplied from the ice sheet
and the Plateau, furnished abundant sand and gravel for the
thick deposits of these periods. These deposits, while in the
main spread upon the Coastal Plain, also aceunmulated in estu-
arine waters bordering the Piedmont Platean, and are now
represented by gravels covering the eastern margin of the
Trenton plateau region.

At the close of Pleistocene time elevation caused the dis-
appearance of the estuary, the coast line assumed its present
position, and the physical geography of the district approached
that of to-day.

PHYSIOGRAPHIC RECORID.

It was stated under “Introduction™ that the present form of
the platean is not a constructional form; that the rock strue-
ture is discordant with the surface configuration. If the com-
paratively slight depressions made by the present streams were
filled in, a perfectly even plain sloping seaward would result.
If, on the other hand, the arches and troughs of the original

_elntiulines and synclines of the underlying rock were restored,
a region of lofiy mountains and deep valleys would be devel-
oped. These two strikingly unlike topographies are separated
by a long and more or less complex erosional history. While
the prompt action of erosive forces makes it impossible for the
perfect constructional form to have ever existed, yet a much
greater height of land than the present must have characterized
this region during some portion of Paleozoic time. This
height of land was so far reduced at the opening of Triassic
time that it was upon a comparatively level and deeply eroded
floor that the materials of the Triassic were laid down.

The later sediments of the Paleozoic series of the Appalachian
region must, in a large measure, represent material removed
from this belt of high land when, as iz indieated by independent
proof, the main drainage basins discharged into the western sea.

During Triassic time the portion of the Plateau east of
the Triassic estuary drained northwestward into this estuary
and furnished materials to the sediments accumulating there.
The reduction of the surface of the present platean must have
continued during Jurassic and early Cretaceous time. It was
during this time that a nearly featureless plain sloping seaward
was formed. Such a plain, carved by subaerial erosion, the
work of the atmosphere and of running water, is ealled a
peneplain.  Only peneplanation can explain the even sky lines
[:II'. tlil} }I]”H illlll I'i[jgﬁ_'ﬁ il]]il [I]i.‘-‘ 1”3L‘.U]'{]il]1l_"{: }_Il_‘:l"ll'l_‘{_"ll E'I_'I_]'j'lill'_"{_':
configuration and underground structure.

The time of the peneplanation is established by the age of
the deposits borne upon its surface. A peneplain of so vast a
scope as that of which the Trenton gquadrangle is an insignifi-
cant part is necessarily not of the same age throughout its
extent. Peneplanation, begun along the main drainage lines,
gpreads with ineredible slowness away from these lines. Thus
the eastern border of the Piedmont region may have been
reduced to a peneplain and even submerged while peneplana-
tion was still progressing on the western margin.

The oldest deposits upon this peneplain are the Patapsco and
the Raritan formations, indisputably laid down in Lower Cre-
taceous time. The peneplain also carries deposits of Upper
Cretaceous, Tertiary, and Quaternary time. The presence of
these deposits and their character indicate that submergence
terminated Jurassic peneplanation, and that this submergence
was not due to a single erustal movement but to an interrupted
and complex series of movements,

First, there was subsidence with tilting, which produced
estuaries bordering the sea and extending inland roughly
parallel to the present sea border. In these estuaries were
deposited the clays and gravels of the Patapsco formation.
Uplift followed, bringing the Piedmont district above the sea,
and erosion removed the Patapsco deposits except from the
deepest portion of the inland estuary.

Following the erosion interval came a second subsidence
and the renewal of estuaries in which Raritan deposits were
laid down. The uplift that followed was more marked than
the preceding, and the region remained above water for a
long period, during which extensive erosion took place. The
third subsidence, which followed this erosion interval, lasted
during all of Upper Cretaceous time, was more extended than
EI.:I'_I_":.1 {]fl l]ll’_‘,‘ PI'I_‘{'SUI“IIE_’& :l”ll Wils ﬂsl!i].l':ltﬁl'}" ill {_‘.II':Irq']{‘.tI_‘:I'.. r‘J_‘h:l;:
adjoining land must have been low, for the streams fur-
nished only fine sand deposits.  Cretaceous time was followed
by an uplift and an erosion interval of long duration. During
this period portions of the Coastal Plain were intermittently
beneath and above water, but the present platean region
remained above water continuously until Lafayette time,
when all the Coastal Plain and part of the Piedmont Platean
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were brought heneath the sea by tilting which raised the
northern half of the district. Stream veloeity was accelerated
so that the streams were able to carry to the sea coarse as well as
fine gravel. This was true for the first time since early in the
{jl'ﬂlﬂl_"ﬁﬂllfﬁ. FIHIIL‘ lll]]if‘t \\'}Ii(!l] Fﬂ].]ﬂ“'l_"[] I]'IiS ri.ttillg H]'I{l “']li[!]l
hrought the continental shelf as well as the Coastal Plain above
water produced a dminage system that eould not have been
very unlike the present. The lower courses of the Schuylkill
and the Delaware became established along the present lines
and the development of the present topography began. It
was during this erosion interval that the master streams cut
their gorges on the continental shelf.

After this uplift and erosional activity the eastern margin
of the Piedmont district subsided. The highest terrace and
escarpment so well developed along the eastern margin of
the Piedmont Platean and the corresponding less well defined
terrace on the Coastal Plain have been interpreted by some
geologists as marking the shore of a great estuary. Accord-
ing to this interpretation the successively lower terraces mark
the stationary positions of the shore line of a contracting
estuary. Other geologists have regarded these features as due
in part to lateral corrazion and in part to aggradation by a
meandering stream. In this view these terraces represent
successive stages in the degradation of the region by the
ancient Delaware. These views are not wholly exclusive of
each other, for river terraces of the normal type may merge
into estuarine terraces primarily of wave-cut origin, and it
may not always be possible to differentiate the two types after
their characteristic features have been obseured by subsequent
erosion and warping.

The close of Pleistocene time was marked by the assumption
by Delaware River of its present course below Trenton in the
former estuarine depression. The Jurassic peneplain was ele-
vated to its present height, which is sufficient for the estab-
lishment of a drainage actively eroding its surface.

The cover of Cretaceous, Tertiary, and Quaternary formations
has been removed in the stream valleys and in the northwest
from the interstream areas, and the Triassic and Paleozoic
formations are not only exposed but have been eroded. The
peneplain thus through elevation became a platean, and now
by the renewal of erosion it is losing its distinctively plateaun
('.]:h'!]'-'l{'.t[_!l' :li]{.t ‘IS l]t’!['f}l!lh]g il [”5.‘5[!{"{‘!{1 “E]I'r”“!.

Post-Juraszsic  peneplanation iz recorded on the western
margin of the Piedmont Plateau in traces of three peneplaing,
which on the eastern margin, embracing the Trenton quad-
rangle, can not be diseriminated from the older peneplain.

As a result of the northwestward tilting of the Triassic
sediments, it is assumed that the master streams of the Pied-
mont Plateau had northwest courses. These would seem to
have been reversed in early Cretaceous time by the tilting
which depressed the seaward margin of the Jurassic peneplain.
With the final elevation of this region their lower courses
became too well established in directions determined I]J" the
general slope of the uplifted peneplain or of the Cretaceous
sediments on its seaward margin to permit subsequent adjust-
ment to the underlying erystalline formations.  For this reason
“IL!J" NOW pursue courses iudl_-}l::mlmll of the variations in the
underlying rock. The secondary streams of the Trenton
quadrangle, on the other hand, because subsequent to the
establishment of the greater drainage basing, have not been
controlled in their conrses by the general slope of the platean
and show a nice adjustment to the underlying formations.

COASTAL PLAIN AREA.
By W. B. CLARE,
GENERAL STATEMENT.

The later geologic formations along the Atlantic border form
a low plain of varying width extending from the New England
coast to the Gulf. The deposits consist of a succession of
gravels, sands, clays, and marls, with a gentle dip toward the
southeast.  Representatives of nearly every epoch from the
Upper Jurassic or the Lower Cretaceous to the Recent are
recognized, the oldest formations in general being found along
the west side of the Coastal Plain and the younger forma-
tions suecessively farther east.

A detailed study of the character and distribution of the
several formations shows that the angle and direction of
the tilting were not constant from Cretaceous time onward.
The oscillations resulted in transgressions of the waters with
their accompanying sediments, so that at several periods they
locally entirely overlapped the earlier formations, burying
from view their landward exposures and bringing about in
places the deposition of some of the later formations far to the
west of any outerops of the earlier deposits.

Denudation at various periods down to the present has left
remnants of all formations seattered as outliers along the west-
ern margin of the main bodies of the deposits. With the
exception of the Pliocene and Pleistocene formations, however,
the chief outerops of the several formations in the Trenton
distriet are successively encountered in crossing the Coastal
Plain from northwest to southeast. Farther south the normal

succession of most of these formations also is shown, although
the relations of the Pleistocene deposits to the other members
of the series are complicated because of the extensive erosion
that took place at the close of the Tertiary period and the con-
sequent submergence of the valleys throughout the coastal area.

POTOMAC HISTORY.

A great variety of conditions characterize the deposition of
the Coastal Plain sediments. During the earlier periods of this
history estuarine conditions prevailed throughout the region.
A great estuary, the extent of which can no longer be deter-
mined, occupied a depression in the Piedmont surface and
followed in general the main structure lines of the Appalachian
uplift. Just when this later estuary was formed ean not be
definitely determined, but the dinosaur remains which have
been found in one of the lower -formations have led some
eminent vertebrate paleontologists to regard the age as late
Juragsic.  The plant forms found in these earlier beds likewise
show certain Jurassic affinities, but primitive dicotyledonous
types also oceur, which on the whole have led paleohotanists
to regard even the oldest beds as early Cretaceous.

The estuarine deposits, during whose formation uplifts and
depressions took place, are collectively known as the Potomac
group, and have been divided in Maryland, where the most
complete sequence occurs, into the Patuxent, the Arundel,
the Patapsco, and the Raritan formations. Of these, the two
lower have been doubtfully referred to the Jurassic because
of the vertebrate remains, as above mentioned, in the Arundel
beds. As far as known, neither the Patuxent, the Arundel,
nor the Patapseo formation appears at the surface in the Tren-
ton quadrangle, the only Potomae beds therein being referable
to the Raritan, of whose Cretaceous affinities there ean be no
doubt. The Raritan deposits are coarser than those of the
preceding Patapsco, and it would seem that considerable defor-
mation of the shores of the ancient estuary must have been in
progress, later culminating in the breaking down of the eastern
barrier and the entrance of the open waters of the Atlantie.

MAGOTHY HISTORY.

The date of the change just mentioned was evidently not
earlier than the close of the Lower Cretaceous. At first the
marine faunas, which apparently entered the basin of deposition
in the Raritan Bay region, did not extend far southward, for
the Magothy deposits in the Trenton quadrangle and toward
the south have not as yet afforded marine fossils. It seems
probable that the encroaching sea merged into an extensive
estuary that extended southward along the old line of Potomae
sedimentation across Delaware to the western shore of Chesa-
peake Bay. The same is probably true in a measure to the
north, although the exact limits of the so-called “Island series,”
on which this generalization must be based, are not fully com-
prehended.  The flora of the Magothy strata suggests that this
change was not consummated until late Cenomanian time, and
the fauna points even to the Senonian, Magothy time appar-
ently represents a transitional period between the estuarine
conditions of Potomac time and the distinctly marine conditions
that characterize the remainder of the Cretaceous.

MATAWAN HISTORY,

The materials composing the marine sediments are mainly
gand and elay, which from the bage of the group upward contain
greater or less amounts of glauconite, showing that during
much of the time land-derived materials must have reached the
area of deposition in small amounts. It is probable that the
region was not far removed from the shore line of the period,
and that the land had been gradually reduced until a great
peneplain had been developed, extending westward at least
into the Appalachian district. The evidence for this is found
not only in the glauconitic character of the sediments through-
out late Cretaceous and early Tertiary time but also in the
even-topped ridges throughout the Atlantic border district as
tar back as the Allegheny Plateau. A marked similarity in
composition characterizes these late Cretaceons sediments, from
the Matawan to the Manasquan, as a whole, although they

. vary sufficiently over considerable areas to make it possible to

separate them on lithologie grounds into several formations.
Gilaunconite in greater or less amounts appears, as above stated,
at nearly all horizons, in places constituting the main body of
the deposits, while in other places it is sparsely distributed and
may be limited to definite beds or may oceur as small lenses or
patches inclosed in other material. In general the beds
become gradually more glauconitic in passing upward in the
series, the highest beds consisting in places almost entirely of
glauconite.

The opening period of this later division of the Cretaceous,
known as the Matawan, was marked at the outset by extensive
deposits of clays and sands. The sea encroached over a more
or less even floor, producing sediments that had their origin
in the still unconsolidated materials of the earlier Cretaceous
ag well as in the older rocks to the west. Marine life was
abundant and varied, an extensive fauna of cephalopods,
gasteropods, and pelecypods characterizing the period. The



conditions of sedimentation changed during this time, especially
in the north, where a clearly defined differentiation in the
materials occurs.  Southward this feature is less pronounced
and the deposits gradually become more homogeneous, the dis-
tinctions being entirely lost in Maryland.

MONMOUTH HISTORY.

The advent of Monmouth time was not marked by any
pronounced change, sedimentation having continued without
interruption. As the period advanced, however, thick-bedded
glanconitic deposits were laid down, and the greensand of the
Monmouth is very unlike anything which had preceded it.
The middle formation of the Monmouth, known as the Navesink
marl, is a characteristic greensand marl, and in its numerous
fossils shows the extensive marine fauna that existed at this
period. Many of the species are different from those of earlier
time, ultl]-l.‘rugh many fossils are found common {o one of the
zones of the earlier Matawan and to the later Redbank. The
red sands found both above and below the greensand marl are
quite unknown at later horizons, except in the northern phase
of the later Rancocas. Locally the beds are highly caleareous
an account of the great number of mollusean remains entombed
in the deposits.

RANCOOAS HISTORY.

With the close of Monmouth sedimentation came a time of
pronounced glauconitic aceumulation.  The greensands of the
Hornerstown constitute the most significant beds of glauconitic
materials in the entire Cretaceons system. They represent quiet
seas, in which the acenmulation of materials must have been
extremely slow. The land area to the west by this time had
become reduced to a featureless peneplain, while the sea floor
itself may have been still further depressed, earrying the area of
sedimentation farther landward. Conditions must in any event
have remained uniform through a considerable period, for the
thick deposits of nearly homogeneous greensand extend
throughout the district from Raritan River southward to the
point of their final disappearance near the Maryland border.
The Rancoeas closed with an extensive accumulation of quartz
deposits, known as the Vincentown sand, which are in places
largely made up of the remains of Bryozoa and Foraminifera,
forming a lime sand, and are in other places decidedly glanco-
nitic. These deposits where caleareous are among the most
striking in the entire Cretaceous system of the north Atlantic
Coastal Plain, and indicate a great profusion of life in the seas
of the time.

LATE CRETACEOUS AND EOCENE HISTORY.

After the deposition of the Manasquan formation, which
closed Cretaceous sedimentation, a long period of time passed
before the next younger sediments of the Trenton quadrangle
were deposited. The record of these times is represented in the
Shark River marl, of early Eocene age, developed mainly
toward the north, and in the Aquia and Nanjemoy formations,
of middle Eocene age, developed mainly toward the south in
Delaware and Maryland.

MIOCENE HISTORY.

So far as can be judged from the deposits farther south,
conditions along the Atlantic border were little changed until
Miocene time. The deposits of the earliest epoch are for the
most part clays and fine sands, although in the extreme south-
ern part of New Jersey occur marl beds which by their
numerous fossils show the existence of an extensive molluscan
fauna. To the south, however, extensive diatomaceous beds
give evidence of the existence of vast numbers of diatoms in the
seas of early Miocene time.

Unlike the early Miocene sediments of this district, the later
Cohansey deposits consist of coarser sands and fine gravels,
which show that the land areas toward the west had become
extensively elevated as the Tertiary period advanced, cansing the
streams to transport large amounts of coarser material down
their courses to the sea. A great thickness of highly character-
istic sandy deposits was laid down, which farther off' shore or
in regions remote from the mouths of streams became finer,
with beds of elay bearing an extensive molluscan fauna.
Toward the south in Maryland, where these deposits are most
characteristically developed, a great number of species have
heen recognized.

The latest portion of Miocene time is represented east of the
Trenton quadrangle by deposits of sand and clay which are
now buried beneath a cover of Pleistocene materials. In the
deeper well borings along the coast and toward the south in
Maryland these deposits afford sands and elays that lithologic-
ally are not unlike those of the earliest epochs in many respects,
although generally finer, indicating in all probability the lessen-
ing volume of sedimentation.

PLIOCENE HISTORY.

The close of the Tertiary along the Atlantic and Gulf bor-
ders is marked by the deposifion of a cover of gravels and sands.
That this was brought about by landward uplift accompanied

Trenton.
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by a depression of the shore line is shown by the fact that the
deposits of the Lafayette formation, which has been thought to
represent the Pliocene, are distributed widely above the Miocene
strata as well as above those of earlier time, reaching the erystal-
line rocks of the Piedmont area. The Lafayette is not known
to oceur in the Trenton quadrangle. The period of time repre-
sented by the Lafayette must have been short and was termin-
ated by extensive uplift of the sea floor, during which the present
drainage lines of the Coastal Plain were largely developed.

PLEISTOCENE HISETORY.

In the ancient channels described and on adjoining lowlands
the deposits of the Pleistocene epoch were laid down. The mate-
rials consist of gravels, sands, and clays derived to a considerable
extent from the earlier Coastal Plain strata, although streams
flowing from the Piedmont Plateau added their quota. The
life of the Pleistocene approached more nearly that of the
Recent, although relatively few localities are known in the north
Atlantic coastal region in which any considerable assemblage
of Pleistocene species occurs.

The blocking of the minor post-Lafayette channels in later
Pleistocene time produced ponded areas in which were laid
down the thick deposits of black elay so typically developed
at numerous points in southern New Jersey, Delaware, and
Maryland.

ECONOMIC GEOLOGY.
MINERAL RESOURCES.

. PIEDMOXNT PLATEAU AREA.

By F. Hascou.

In that portion of the Piedmont Platean contained in the
Trenton guadrangle the chief mineral produects of economie
importance are building stone and road metal.  Minor products
are graphite, copper, and barytes.

BUILDING STONE.

The supply of building stone in the Trenton quadrangle is
inconsiderable and is furnished chiefly by the Triassic forma-
tions. The Baltimore gneiss does not furmish it in large
amount nor in superior quality. Jesse Darrah’s quarry near
Langhorne and Charles T. Eastburn’s quarry on the Nesha-
miny near Neshaminy Ifalls have produced stone for building
purposes, though the output of these quarries has been utilized
chiefly for railroad ballast and road metal.

The Chickies quartzite has been used only locally for
building ; schoolhouses and a few dwelling houses near Lang-
horne have been built of this material. The stone iz quarried
in thin slabs cut parallel to steeply dipping cleavage and
bedding planes.

Considerable quarries were at one time operated in the
Shenandoah limestone at Limeport. The stone was burnt
chiefly for lime, which was used as a fertilizer. The quarries
have been inactive for many years,

The Stockton formation yields gray and brown sandstones,
suitable both for rough work such as foundations, bridge
abutments, and culverts, and for finer work such as brown-
stone fronts. The largest quarries are located at Wilburtha
and Stockton, where the canal and railroad afford good ship-
ping facilities, Flagstones and foundation stones are also
obtained from the Lockatong formation, in which there are
several small quarries at Princeton. The Brunswick shale
within this quadrangle is in general so soft that attempts to
use it for building have been unsuceesstul.

ROATY METAIL.

Ample and excellent material for road building is furnisheid
within the Trenton quadrangle by the rocks of the Plateau,
both pre-Triassic and Triassic. The physical qualities requisite

. for such use are tonghness, or capacity to resist fracture or

impact; hardness, or resistance to abrasion; and cementing
power, or capacity of the rock powder to recement larger
fragments of the rock.

In toughness and hardness the Baltimore gneiss, the Wis-
sahickon mica gneisg, the Chickies quartzite, the gabbro, and
the diabase excel. In binding power the guartzite is deficient,
but the gabbro has fair binding power, though less than that
possessed by limestone. The gneisses are slightly superior to
gabbro in this quality but do not wear so well. Diabase is
superior to all the other formations in toughness, hardness,
and binding power.

The Baltimore gneiss ig quarried mainly for road metal.
Joseph Finney's quarry at Holland, Darrah’s quarry in Lang-
horne, and LEastburn's quarry at Neshaminy Falls are the
T e illl'l::li:l]"l:ll]' f_ll]t‘![lillh'}-_!- I‘l_}r I,.I:Ii."} ;I'I,l]"EIU::H_,"..

The Wissahickon mica gneiss, while not quarried within the
Trenton quadrangle for building stone except in a very small
way for local use, is extensively worked for road metal, of
\\'EI;L"]I if Ilil'l'TliH]'H."H ikl EX{'E_.‘]IL!IIT- 11[“!“'}'. .'\.l}}llﬂlﬂn’;‘i 1]"!“"‘}’,
1 mile north of Byberry, Wood's quarry, worked by
MeMenomy 11 miles northwest of Ford, and Folkeold's quarry,
1 mile south of Byberry, are actively engaged in supplying
macadam material.

The Chickies quartzite has recently been utilized consider-
ably for macadam. Quarries in this formation at Neshaminy
Falls (Eastburn’s), one-half mile northeast of Janney (McMen-
omy’s), and between Glenlake and Oxtord Valley (Thompson’s)
furnish road metal.

The pre-Cambrian gabbro, though capable of furtishing a
superior quality of road metal, has not been quarried for that
purpose.

The Triassic diabase or ““trap rock” is extensively crushed
for road metal and concrete, the largest and most active
quarries being at Lambertville, Moore, and Rocky Hill. This
rock is also quarried near Brookville, Marshalls Corner, and
Mount Rose.

Physival properties of road-building stones.

|
Cementing | Speciile

| ::}:‘I“tl_':::[' Tounghmess, Hardness value, | EEBVIEY.
l Biotite gneiss 52 19 | 17. 05 41 a8
Giranite gneiss 5.8 12 17.% 26 2. 88
i Quartzite 29 18 18. 4 17 370
Gabbro ... .. 28 (] 17. 9 a9 &, (W
l Diabage (fresh) 20 80 8.2 40 & (i
| Dinbase (altered) 2.5 24 17.5 156 | 2,95

Large numbers of Belgian blocks have been made from the
trap rock, but this style of pavement is decreasing in popularity
and the industry has greatly fallen off. The blocks are made
chiefly from huge trap bowlders and the industry is not
localized at a few quarries but is distributed along Sourland
Mountain and to a less extent along Rocky Hill.

GRAPHITE.

Graphite occurs sparingly in the Baltimore gneiss. 1t was
once mined at Trevose and a mine was opened and early
abandoned on the Gross estate east of Langhorne, near Glen-
lake. In the Trenton quadrangle graphite does not oceur in
such abundance as to pay the expense of separating it from
the associated constituents of the gneiss.

COPPER.

Copper not uncommonly oceurs in the shale in elose prox-
imity to the trap, but not ordinarily in commercial guantities.
Somewhat extensive openings have been made, however, near
Griggstown, Copper Hill, and Flemington (just north of the
quadrangle) and a generation or more ago these mines were
actively worked. The ore was chiefly in the form of
carbonates.

BARYTES.

Barytes, or heavy spar, was at one time dug a mile north of
Glenmoore, where deposits of this material oceur in disinte-
orated diabase, but the mines have long been abandoned.
Another deposit was also worked to some extent several years
ago one-half mile west of Buckmanville in Pennsylvania. It
is in a quartzose breccia of barytes and decomposed diabase,
possibly connected with an igneous intrusion which lies beneath
the surface.

S01LS.

The soils of the southern Piedmont Plateau are the residual
products of the weathering of the rocks immediately underlying
them, except where covered by soils of the Coastal Plain
deposits.  Long-continued decay has supplied a mantle of
productive soils comparatively free from stones and possessing
considerable depth. The soil derived from the disintegration
of the Wissahickon mica gneiss is a brownish-buft’ micaceous
clay loam. The clay derived from the decay of the feldspar is
filled with small fragments of mica and stained by the
hydroxide of iron. Larger fragments of vein quartz and of

the mica gneiss also characterize the soil. [t is a mellow, fertile

goil, grading impereeptibly into solid unweathered rock through

a considerable depth of decayed rock. It corresponds to soil
which in adjacent regions has been designated the Cecil mica
loam by the Bureau of Soils of the Department of Agriculture.

Toward the Delaware this mica loam is overlain on the inter-
stream areas, and eompletely covered in the immediate vieinity
of the river, by the Coastal Plain soils, called by the Burean of
Soils the Norfolk sand and the Meadow soil.

The Chickies quartzite disintegrates into a sandy soil which
containg a little clay and minute scales of sericite. This =oil is
thin and immediately overlies hard rock. It corresponds to
the Edgemont stony loam of aveas to the west, shown on the
maps of the Bureau of Soils,

The Baltimore gneiss decays into a sandy clay soil character-
ized by a yellow color and freedom from mica, and studded
with flat fragments of the gneiss.

The gabbro, which oceupies nearly as large an area as the
Baltimore gneiss, gives rise to a red elay soil set with tough
bowlders of gabbro. The soil is not so deep as that of the
gneiss and gives place somewhat abruptly to solid rock. It has
been ealled the Ceeil clay by the Burean of Soils.

The soil derived from the disintegration of the Triassic shales
and sandstones covers a larger area than any other single type



in the Trenton quadrangle. Tt is a sandy clay loam character-
ized by an Indian red or brownish-red color. Confined to
gently rolling country and comparatively free from stones, it is
tillable and productive. This soil is the Penn loam of the
Bureau of Soils.

The diabase contributes to the Triassic areas a soil similar to
that supplied by the gabbro.

The soils of the Piedmont of this quadrangle are not so dis-
similar in character as to be characterized by a peculiar flora.
They are alike productive and, along the Delaware and its
tributaries, support a great variety of forest trees and shrubs.
Among these are several varieties of the maple (the swamp, the
sugar, and the silver maple), linden, ash, hickory, walnut,
butternut, red birch, white oak, ironwood, poplar, willow,
hemlock, spruce, tamarack, sumach, laurel, and azalea.

COASTAL PLAIN AREA.

By H, B. Kvsser.

The mineral resources of the Coastal Plain portion of this
area consist chiefly of clay, sand, gravel, and marl.

CLAY.

Clays of varying economic importance and of widely different
geologic age occur within the Trenton gquadrangle and are
more or less extensively worked. The Raritan, Magothy,
Merchantville, Woodbury, and Pleistocene formations all afford
excellent deposits of different grades.

Raritan elays.—Raritan clays are dug at Bridgeboro, Flor-
ence, Trenton, and Sand Hills for foundry uses, terra-cotta,
and sagger manufacture. These clays, while they do not
possess the refractoriness of the best fire elay, resist tempera-
tures in some cases of 3100° F. (cones 28-29) before fusing
and can be used in connection with more refractory clay for
fire brick. Considerable guantities are used in the potteries
of Trenton for saggers, but, contrary to popular belief, the
extensive pottery industry at Trenton is not dependent on
local clay; in fact, except for saggers, ete., little or no local clay
is used in this industry.

At Bridgeboro a series of pits has been opened along the
south bank of Rancocas Creek, where a red-mottled semi-
refractory clay is found under 8 or 10 feet of pebbly sand of
Cape May age. It is reported to be 14 feet thick and to be
underlain by a white water-bearing sand. The character of
the clay varies in different pits, some of it being of a wkhite or
light-blue color, burning buff, while other beds burn red. In
the easterly pits a G-inch layer of lignite occurs in the upper
portion of the clay, which gradually passes horizontally into
a lignitic sand. The creek is navigable at this point and
the clay is shipped to Philadelphia, mostly for foundry and
terra-cotta purposes. The red-mottled clay, which represents
the run of the bank, is fairly plastie, although it contains some
coarse grit. [t has the following physical properties: Water
for tempering, 22 per cent; air shrinkage, 5.3 per cent; average
tensile strength, 104 pounds per square inch. When burned
to Seger cone 3 (2174° F.) it has a fire shrinkage of 4.7 per
cent, and an absorption of 9.88 per cent, is of light-red color,
and is steel hard. The whitish sandy clay is less coherent and
glakes rapidly. It requires more water for tempering (30.8
per cent), but its air shrinkage is less, being but 4.3 per cent.
The tensile strength is 119 pounds per square inch. It has a
low fire shrinkage, at cone 10 (2426° F.) only 2.7 per cent and
at cone 15 only 3 per cent. It burns to a gray eolor with brown
gpecks.  Owing to its low shrinkage it can be used to advantage
in mixtures with other clays which have too high a shrinkage.

At Florence the river is bordered for 2 miles or more by a
bluff, in the steep slopes of which red and blue clay occurs at
several points and has been extensively utilized. The follow-
ing analysis of clay from pits of J. Eayre was published by

Cook :

Analysiz of clay from Eayre's pit, Florence.

Band 40 50
Silica ([i0,) x . 26, 567
Alomina (Al;05) L 91 06
Titanic acid (TIO,) . ji e
Ferric oxide (Fag0,) 1.98
Lime (Cady) e
Magnesia (MgO) 3 ]
Potash (K 0 2.47
Soda (Na,0) - |
Water (H,0) _ L.BD
Moisture - : . B0
00, 99

Semirefractory blue and red mottled clay is now dug in the
lower half of Haedrick’s pits at Florence and sold chiefly for
foundry purposes. As the pits are located along the Delaware
the clay can be directly and cheaply loaded onto vessels.

Two miles east of Trenton a clay of Raritan age is dug in a
number of pits along Pond Run. The overlying material,
chiefly Pensanken gravel, varies from 5 to 15 feet in thickness.
The clay is commonly ved or red spotted, grading into a blue
at the bottom of the pits. In some places the upper layer is
white clay, and locally a black lignitic elay ocenrs beneath the
blue clay.  Elsewhere a bed of sand underlies the elay.  These
beds vary from 10 to 32 feet in thickness. The general section
at one of the largest pits is as follows:
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Section af pits of J. J. Moon, near Trenton.

Foot,

Stripping, chiefly gravel -
White clay (where stripping is thin)____ S SR -3

Red elay, grading down into a red-spotted and thenee into

o blue elay__. o i sa 7T gl Ry O ) 14-28
Sand : 34
Hard tough blue clay, called ** hardpan ™ 8- 4
Loose white sand, more than 8

The clay is used chiefly for saggers and wad and is hauled
by wagon to the Trenton potteries. The following series of
tests, made by Ries, fairly represent the properties of these
Raritan clays in the vicinity of Trenton :

Physical tests of Rariten clays near Trenton.

1 | 2
| Water required (per eent) _____________ | 18 | 2.5
Mrshrinkngc{pcrcaut]_...._.__.._._.I 5.8 | 4,6

‘ Average tensile strength, 1bs. persq. in_| 55 ! i

| Cone 05:

' Fire shrinkage (per cent) SHCER LR e 1.4
Absorption (per cent). : b 19, 62
Galor .. Pinkish red.

Condition ___________ ... Not steel hard.

| Cone 08: _ .

Fire shrinkage (pereent) ____________| ____________._... &
Absorption (pereent)________________ [l el x 20
Caolor o St | o M N ALY Pinkish red.
Cone 3: | !
| Fire shrinkage (per cent) ___________ & 7.8 i3 |

! Absorption (per cent) s | 13 15, 63

. Color Creamy white. Pinkish red.

| Condition Steel hard. | Not steel hard.

Cone 5:
Fire shrinkage (per cent) . T.4
Abgorption (per cent) 8. 26
Color Light red.

| Condition Steel hard. |

| Cone 8: |
Fire shrinkage (por cent) _____ : 8.7 9.4
Absgorption (per cent) e A .04 |__

Color : } Cream white,
1 |
! I S | 1
Water required (per cent) Aipe L 8.8 !
Air shrinkage (per cent) | ] )
Average tensile strength, lbs. per sq. in.| T2
Cone 1: |
Fire shrinkage (per cent) .. - 8
Absorption (per cent)_ : 15, 39 16,08 |
[/ o VO L S i s o Gray. i
Condition ____ fio A et Bteel hard., '
Cone 3:
Fire shrinkage (per cent) .___________ 88 .. _‘
Absorption (per cent)____ = A a o SRS EESE TR
Color - b SN T ey 8| EEEa o T
Condition |
Cone §: ,
Fire shrinkage (per cent) 10 B
Abzorption (per cent). 11, 8
Color _____ E : Gray.
Condition 5
Coneg 8:
Fire shrinkage (por cent) ____________ 11. 6 k.
Ahsorption (per cont) g S b |
Color . : e g A i Gray.

1. No. 1 blue elay, whitish color, with some fine grit, from J. J. Moon's
pits. It slaked moderately fast and had tiny limonite speckes.

2. No. 1 sagger clay. J. J. Moon,

8. Tough red wad clay with very little grit. J. J. Moon.

4, No. 2 sagger clay.

At cone 15 No. 1 had a fire shrinkage of 11.7 per cent;
absorption, 1.21 per cent; it vitrified at come 27. No. 2
vitrified at cone 10; No. 3 was viscous at cone 30.

At numerous points in the Sand Hills north of Monmouth
Junetion white and red mottled elay has been dug in small
pits, many of which are now filled with débris or water. The
clay was apparently similar in general appearance and character
to that found near Trenton. It has been largely carted to
Rocky Hill a few miles distant for use in the terra-cotta factory
at that point.

Muagothy clays.—The Magothy clays so far as mined are all
red burning and are used only for common brick. At the
brickyard 1 mile south of Fieldsboro the upper portion of
the Magothy is dug to a depth of 16 feet. The clay is black,
slightly micaceous and strongly laminated, the layers ranging
from one-half to 1 inch in thickness and being parted by films
of fine white sand, along which they readily separate. In the
higher part of the bank occur the lower layers of the Merchant-
ville clay, which are mixed with the Magothy clay for use.
Pyrite concretions are very abundant. Owing to the large
amount of carbonaceous matter, care has to be exercised in the
early stages of burning not to push the firing too rapidly, lest
the bricks swell and crack. In manufacture, a certain amount
of surface loam of Pleistocene age is added to the clay. The
addition of the loam improves its color-burning properties and
renders it more porous.

The black elay, aceording to Ries, has the following physical
characteristics:

Phygical tests aof Magothy elays.

Cone—
0, 1 b}
Fire shrinkage (per cent) | 3 | 5.6 5.6
Absorption (per cent) 11, 80 T.12
Color Pale red. | Pale red. | Pale red.
Condition . |

Steel hard. |

e

Water needed for tempering, 27.8 per cent; air shrinkage, T per cent;
average tensile strength, 168 pounds per sgunare ineh.

The material burns to a red brick of moderate absorption
but is too coarse grained to make a smooth pressed brick of the
best grade.

At the Kinkora brickyard a similar laminated black clay
is dug, but the bulk of the material used belongs to the
Merchantville formation. According to Cook, the chemical
composition of this clay is as follows:

Analysiz of Magothy clay from Kinkora.

Samnd e Mtgont LS St it | s s Jf W e 31, 80
Combined silica (8i0,)... il s i e 25, 50
Alamina (Al Og) o g L T A
Ferric oxide (Fe.0,) niah i, 40
Lime {Ca0))_ - .16
Magnesia (Mg0) . e g A . B
Potash (K, : 1. 54
Boada (N, O E e
Titanie oxide (Tih,) : 28 ¥ .
Water (Ho() e=e= 1180
Moisture. S o, hlk

98, 95

Merchantville elays.—The Merchantville clays are utilized
for the manufacture of common brick at Bordentown, Fields-
boro, Kinkora, and Hightstown. At Bordentown the clay
bed utilized is 8 to 10 feet thick; it rests on white sand
(Magothy) and is overlain by 6 to 9 feet of Pensauken gravel
and loam. In color it is black to greenish black, the green
color being due to the presence of considerable glauconite.
The upper portion for a foot or two is weathered yellow.
The black clay has a high shrinkage and can not be used alone,
henee a clay loam is added to it. It takes 23.4 per cent water
to temper it, and it shrinks 8.8 per cent in drying, which is
somewhat high. Tts average tensile strength is 251 pounds
per square inch.  When burned, it gives the following results:

Furning tests of Merchontoiile clay, Bordentorwn Brick Company.

| Con—
i i . e : E
1, | o1, 1. .
|

Fire ﬂ]nriuk.'ige|:|u=.r{:1=.nt}.‘ 8.3 : 11.8 11. 8 11.8

Absorption (per cent) 10.74 | - R N
| Color_.____. Deep red. | . -

Condition Not steel | Boftened . |  Bevond

hard. somewhat. | vitrifieation.

On account of the low cone number at which the eclay
softens care has to be used in burning, so that the bricks do
not erush out of shape. This clay shows a very high fire
shrinkage and therefore can not be used alone but is mixed
with considerable surface loam. The latter burns to a porous
body of low shrinkage, and thus counteracts the undesirable
properties of the clay. Bricks manufactured from this clay
have given good results when subjected to erushing and break-
ing tests.

At Kinkora similar ¢lay, 12 to 14 feet thick in the bank, is
used for brick in connection with some elay from the Magothy
below and a Pleistocene loam above:; and at Fieldshoro, as
already stated, a thin layer of greenish-black clay of Merchant-
ville age oceurs at the top of the bank and is mined with the
laminated Magothy elay below. At Hightstown small amounts
of marly clay are dug and mixed with other clays in the
manufacture of common red brick. The mixed clay molds
well on a stiff-mud machine and is used also to some extent
for making drain tile.

The physical properties of a sample from this locality taken
at the contact of the Merchantville and Woodbury eclays are
given by Ries as follows: Clay, tough and fairly plastic, work-
ing up with 34 per cent of water; air shrinkage, 6.6 per cent.
The fire tests were as follows:

Burning tests of Keed  Brother’s Wack elay, Hightstown.

Cona—
0 1. s | 5,
Fire shrinkage (per cent)_| 3.4 | 5.4 | 64| %, 4
Absorption (per cent) 16, G 10,59 | S
Clolor 3 ! Pale red. Red. |
|

Condition e Not

Bteel hard. |
steel hard, |

|
Hed. |

| fazed specks.

|

|
-
| Faw small |

A dry-press tile made from this clay and burned at cone 5
had a fire shrinkage of 5.2 per cent and was slightly mottled
in color.

Woodbury clay.—The Woodbury, although well developed
in this region, is utilized only at Crosswicks and at Hights-
town. At the former place 25 feet of black jointed clay is
exposed in the bank, overlain by 6 to 12 feet of Pensauken




gravel. Where the overburden is thinnest the clay is more or
less weathered to a brownish color in its upper portion. It is red
burning at a comparatively low temperature, is probably of low
fusibility, and is used for making hollow bricks and drain tile.
In the bottom of the pit the upper beds of the Merchantville clay
occur, but are not utilized. At Hightstown, as noted above, the
lower beds of the Woodbury are used for common brick in con-
nection with clays from the Merchantville and a surface loam.

The Woodbury clay was formerly utilized three-fourths mile
southwest of Rancocas. An extensive plant was erected with-
out a previous thorough examination of the clay, which was
afterward found to be of little value owing to the formation
in it of a network of iron-oxide crusts, and the plant was
abandoned.

South of Bordentown along Blacks Creek there are numer-
ous points where good banks of the Woodbury clay could be
opened. Half a mile west of Columbus a black micaceous clay
is exposed to a depth of 6 feet, its weathered portion, however,
being vellowish in color. A sample burned at cone 05 had an
air and fire shrinkage of 6.6 per cent and an absorption of
30.47 per cent, showing that the brick was very porous. A
mile farther west a smooth, plastic, chocolate-colored clay is
exposed along the road toa depth of 4 feet; no tests have been
made upon this deposit.

Pleistocene elays.—The most extensive utilization of the Pleis-
tocene clays has been in the neighborhood of Trenton, where
for many years a clayey loam which mantles the Pensauken
gravel on the flat-topped hills north of the city has been used
in the manuficture of red brick, both common and pressed.
The deposit is very shallow and consequently large areas have
been worked over. In fact, the available supply near the yards
has been nearly exhausted, and eclay is now brought in from
points near Trenton Junction and Ewing. These loamy clays
around Trenton are rarely more than 5 or 6 feet thick and,
moreover, may be pockety or basin shaped in their character.
On account of the large number of stones which they contain,
many of them have to be screened before use or put through
rolls to crush the pebbles.  When burned they produce a brick
of excellent red color.

In the earlier years of the brick industry around Trenton,
most of the brick were made by the hand process, and those
which were sold for front brick were re-pressed in hand-power
machines. At present, though hand molding is still used for
brick that arve to be re-pressed, common brick are often molded
‘in steam-power stiff-mud machines.

A thick black elay on the flood plain of Delaware River
near the mouth of Crosswicks Creek is also utilized for brick
making. As there is but little stripping and the clay is dug
with a steam shovel to a depth of 12 or 15 feet, the expense of
mining is very slight.

Near Roebling a soft, black, sticky, sandy clay in the Cape
May terrace, overlain by several feet of wind-hlown sand, is
utilized for brick. It is slightly micaceous and containg much
carbonaceons matter in the shape of rootlets. It is apparently
only a local deposit and probably represents a swamp clay of
Cape May age. When used it is mixed with other clays,
chiefly a surface loam and a light-colored Raritan clay that is
dug close by at a lower level. This produces a mixture whose
air shrinkage is 4.3 per cent and fire shrinkage 4.4 per
cent. The clays burn to a red brick with the exeeption of
the light sandy Raritan material, which burns whitish and
shows as spots in the brick.

North of Rancocas a surface clay loam has been used for the
manufacture of brick and drain tile. The deposit is dug to a
depth of 3 or 4 feet only, but is reported to be much deeper.

At Edgewater Park a bluish-black clay covered by 1 to 3
feet of loam, which in turn is overlain by 2 to 6 feet of wind-
blown sand, has been utilized. The clay is 8 feet in thickness,
contains much organic matter, and is rather sandy. In work-
ing, about one-third loam was mixed with the clay. It isa
red-burning clay, becoming steel hard at cone 1, with a fire
shrinkage of 2} per cent and an absorption of 11.97 per cent.
The brickyard has recently been abandoned.

SAND.

The Cretaceous, Miocene, and Pleistocene beds afford valua-
ble deposits of sand for molding, filtration beds, and building
purposes of all kinds. Those which have heretofore been most
extensively utilized have been confined to the Magothy, Pen-
sauken, and Cape May formations, although locally small
amounts have been dug from other horizons.

In the Raritan sands of the Sand Hills there are thick
deposits of a coarse quartz sand, which, however, are but little
utilized owing to their remoteness from transportation.

The Magothy formation furnishes clean quartz sand, both
fine and coarse, some grades of which are in high demand for
use in steel molding and foundry use. It is mined extensively
near Florence, where the location of the pits in the face of a
high bluff overlooking Delaware River gives exceptional ship-
ping facilities.

The Englishtown, Wenonah, and Mount Laurel sands are
for the most part seldom utilized. Many seams of clay occur

Trenton.
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in the Englishtown, destroying in a measure its availability,
while the Wenonah and Mount Laurel either do not in general
outerop in localities close to transportation facilities or favorable
to the development of large pits, or they are too impure for use.

The Kirkwood and Cohansey sands are used in some por-
tions of the State, the latter particularly furnishing good glass
sands, but they are not mined to any extent in this region.

Coarse arkosic sand of Pensauken age is dug in numerous
small pits and most of it hauled by wagon to the pipe found-
ries at Burlington, Hainesport, and Florence, where it is used
in making the cores for cast-iron pipe.

Certain loamy surface sands, chiefly Cape May in age, are
widespread and are dug at numerous points for molding sand.
They occur extensively along Rancocas Creek and its branches,
particularly on the southern side. While the chief workings
are near Mount Holly and Lumberton, just south of the limits
of this quadrangle, the sands are also dug at Tullytown, Pa., on
Burlington Island, near Florence, N. .J., and perhaps at other
points.

The cleanly washed Cape May sands, particularly those along
Rancocas Creek near Borton Landing, and farther upstream
at Hainesport and Birmingham, just beyond the limits of this
quadrangle, are extensively used in filter and construction work
and the excavations cover many acres.

GRAVEL.

In the Trenton quadrangle the Pensauken iz the most
important source of gravel; there is hardly a hilltop or divide
capped by this formation which has not been pitted to obtain
it. The chief use of the gravel has been for road material.
The Delaware River phase of the Pensauken is best for this
purpose, beeause its decomposed arkosie content acts as a binder
'||"|."h['!|| llE{:l_i 01 t]I.'E.' IWHIE, .\ﬁlvs GF i]]]l]]'l:l‘r'l,"l;,l Fl:lﬂ{]:i IIEI v l|H_.'{_‘.]'1
constructed wholly or in part of it. It has been dug for this
purpose southeast of Burlington, at Deacons, Jacksonville,
Bustleton, Mansfield, Mansfield Square, Kingston, and other
places too numerons to mention.

The finer Pensauken gravel or coarse sand is used exten-
sively at the pipe foundries at Burlington, Florence, and else-
where as core sand. It compacts readily, but nevertheless is
sufficiently permeable to permit the ready escape of steam and
other gases in casting. The Bridgeton formation also furnishes
good road gravel, but its importance in this area is much less
owing to its lack of development. The Cape May formation
contains much gravel and is used somewhat upon the roads,
but with less happy results owing to its lack of a suitable
]_i[l] L I{‘.I'}

GLATUCONITE MARL.

Glauconite is widely disseminated in the Cretaceous beds,
and at some horizons forms so large a percentage of the whole
that the material has long been known as greensand marl or
ﬁilll]]l:r' 1 I'I. I[l lillli_!:‘.i ]HIH-I 1,}“"#[! I_'I‘fjl].ﬁ I]H.‘I.‘l:’ hl._"!F._‘.II |¢Ir;.,rui_"'.' I,IFFE_‘.I].
as fertilizer, their value for this purpose lying in their content
of phosphorie acid and carbonate of lime. The Merchantville,
Marshalltown, Navesink, Hornerstown, and Manasquan forma-
tions have each been utilized to a greater or less extent in this
\\'El.‘!.', El[t]]ﬂl];‘!_:h t]'l{_! Nﬂ"ﬁ'f‘!‘jillk EI]"HI I,[ﬂ!'!llf_!l'!‘jtﬁ“'ll IIEI\'I‘_" I]ﬁl"l] ”1{_‘!
most important and in this quadrangle are the only sources.
The ocenrrence of the marl at these different horizons, out-
cropping more or less continuously across the State, made it
readily accessible, and where these formations are near the sur-
face there is hardly a farm which did not have its marl pit,
while large quantities were hauled miles by wagons to less
favored localities, or shipped from large pits located along the
railroads, In 1881 the production of these larger pits was
about 74,000 tons, but these fizures did not include the numer-
ons small ]ﬁhe and were far short of I'L‘.IJI"(‘&L‘.T'tl,iII;_; the total
amount dug. In this quadrangle the chief pits were located at
Hornerstown and along Crosswicks Creek north of New Egypt.

Samples of commercial marl analyzed by Cook contained
from 50 to 90 per cent of glauconite and 33 to 7 per cent of
clay. An average specimen from the marl bed at Horners-
town showed the following chemical composition.

Chemical composition of g mart from Hornerstouwn (Cook).

Phosphorie acid. 1,88
Sulphurie acid : ML
Hilicic acid and sand, 446,
Potash b, 67
Lime 201
Magnesia __ 8,47
Alumina 7. 86
Oxide of iron 25, 03
Water 8. 40

100, Gk

With the introduction of manufactured fertilizers the use of
these marls has almost ceased. Here and there farmers with
easily accessible deposits dig a little for their own use. Only
at Bewell, in Glouncester County, are they still dug in New
Jersey in commercial gquantities,

=01Ls,

The soils of the Coastal Plain portion are for the most
I
part directly dependent on the various Pleistocene formations

'.\']'liL!]I over most Gf t]m rﬁg;m] L’DH(‘.E_‘,{I] t|||_- GH’.tEIGI’;{]uﬁ and
Tertiary beds. Even over those areas from which clearly
defined Pleistocene deposits have been removed by erosion,
much of the soil is due to their remnants or to wash from
higher slopes, although under these circumstances the under-
lving formations have strongly influenced them. The region
has for so long a time been subjected to alternating stages
of degradation and aggradation and there has been so much
mixing and shifting of materials upon the surface by streams,
rain, wind, and gravity that the wvarious geologic forma-
tions are not always marked by definite soil types. The
following notes regarding the soils may be summarized from
the published results of the work of Salisbury and Knapp
(Ann. Rept. State Geologist New Jersey, 1898).

Near Trenton the broad Cape May plain is in general
covered with a fertile loam, but along its eastern margin, 1} to
3 miles back from the Delaware, the soil is more sandy and in
places so loose as to be readily blown by the wind. The subsoil
is here generally brown loam, retentive of moisture, while the
loose gravel and sand beneath insure ready drainage. Along
Crosswicks and Daoctors erecks the low sandy Cape May terraces
are covered with 1 to 3 feet of loam which in the lower part
of the wvalleys, where the terraces are nearly as high as the
interstream areas, spreads over the low divides, mantling other
formations, Locally, as at Kinkora, Fieldsboro, and else-
where, this loam becomes so clayey as to be used for brick.
For many miles south of Florence the clayey loam which
originally formed the soil has been covered with a coarser,
looser, wind-blown sand that extends up the slopes above the
terrace and mantles the Cretaceous formations or even the
Pensauken gravel which caps the hills.

The soils of the Pensanken formation are gravelly to clayey
loams. In many localities a bed of silt from 1 to 3 feet thick
covers the typical gravel and sand of this formation. This
loam has a greater development in Mercer and Middlesex
counties and in the northwestern corner of Burlington County
near Bordentown than elsewhere. Its presence generally
results in a better soil.

The Bridgeton soils are for the most part like the Pensauken,
but are not of ereat importance in this area.

The so0il of the Cohansey sand usually consists of a coarse,
loose white sand which seems extremely unfavorable to any
crowth. At a slight distance below the surface, however, the
whiteness disappears and the loam increases. The soils of the
lower part of the formation are on the whole better than those at
higher horizons, but nowhere do they approach the fertility of
the other soils of the Coastal Plain, and the greater part of the
region underlain by them is better suited for forest than for
ordinary forms of agriculture.

The Kirkwood tends to give rise to a fine sandy or loamy
soil, but in this region it is for the most part mantled with a
sandy soil derived in large part from adjacent and topograph-
ically higher formations and not particularly characteristic
of the formation itself. This soil becomes decidedly clayey
with corresponding variations in the Kirkwood.  Much of the
Kirkwood is under cultivation and in this respect stands in
sirong contrast to the Cohansey.

The various formations of the Cretaceons do not, on the
whole, give rise to sharply marked soil types over broad areas.
The soils of the Vincentown, Redbank (in part), Mount Laurel,
Wenonah, Englishtown, and Magothy are naturally loose and
sandy and are typieally developed chiefly on slopes.  Some of
them contain more or less glanconite and iron crusts. The
Hornerstown and Navesink marls, where not covered by soils
derived in large part from the Pleistocene cover, give rise to a
black glauconitic loam, which, when properly tilled, is one of
the most productive in the State, althongh liable to bake or
“hurn out.”  Much of the soil on the marl belts is a mixture
of marl and sand washed from higher slopes, and in some
respects these soils are better than those derived from the marl
alome.  The Woodbury and Merchantville elays give rise to a
light-colored stiff clay soil and a brown ferruginous loam
respectively.  For the most part, however, these formations are
mantled, in many places very thinly, with a soil of displaced
material; under these cirenmstances the adaptability of the
soil is markedly affected by the impervious subsoil of clay.

Truck farming and the raising of fruit—Dberries, pears, and
apples—are carried on extensively on the loose sandy soils in
the southern part of the area, Farther north such standard
erops as corn, oats, and potatoes are raised abundantly, and in
the southeast there are extensive and produetive cranberry
bogs. Comparatively little of the region is still in forest, what
there is being chiefly southeast of New Egypt, which is at the
edge of the great pine barrens.

WATER RESOURCES.
By F. Bascow,
SURFICIAL WATER.

Delaware River and its tributaries furnish most of the water

power of the Trenton quadrangle. The only remaining streams

of the quadrangle, the Neshanic and the Millstone, which drain
northeastward into the Raritan, are relatively unimportant.



RARITAN DHRAINAGE.

At Clover Hill, on the Neshanie, a fall of 9 feet furnishes a
grist mill with 90 horsepower (gross).

The water power of Millstone River is considerable and
remaing to be fully developed. The upper Millstone, or that
portion which is above the junction of Stony Brook and drains
the Coastal Plain sands, possesses fair ground storage. C. C.
Vermeule, consulting engineer of the New Jersey Survey, who
furnished the estimates of water supply and water power quoted
here for the New Jersey streams of the Trenton quadrangle
(vol. 3, New Jersey Survey), estimates that with 4.91 inches
storage the upper Millstone will “furnish 34,400,000 gallons
daily, or 53 cubic feet per second; and that, tofrether with
Stony Brook (with 7.25 inches storage), it would supply 144
cubic feet per second. The least monthly flow of the Millstone
above Millstone village is estimated at 29,600,000 gzallons daily.
While because of the presence of mechanical detritus the water
of the river could not be used without settlement or filtration,
an analysis of it published by the State Survey shows it to be
fair potable water.

DELAWARE DRAINAGE,

Of the tributaries of the Delaware, which with the Delaware
drain the remaining and larger portion of the quadrangle, the
following only are of importance,

Neshaminy Creek possesses an average daily flow, as
estimated by John E. Codmon, of 157,600,000 gallons.
The maximum flow has been 3,700,000,000 gallons per day
and the minimum flow 2,800,004 gallons per day. As a
source of water power and water supply it remains largely to
be developed.

Wickecheoke Creek, the most northeriy within the Trenton
quadrangle of the tributaries to the Delaware on the New Jer-
sey side, has an available horsepower of 0.75 per foot fall at its
mouth.

On Alexauken Creek at Mount Airy a grist mill utilizes 30
horsepower (gross) with a fall of 11 feet.

Assanpink Creek, though draining a considerable area, is not
desirable as a source of water supply because of its muddiness
nor important asa water power because of its low gradient.
Its available power has been estimated at its mouth as 6.75
horsepower per foot fall.

Crosswicks Creck possesses considerable importance as a
source of water supply. The capacity of the stream without
storage has been estimated at 23,600,000 g.'—:l]un.»; daily at its
mouth; or with storage at 51,000,000 gallons daily. The
stream is eapable of furnishing considerable storage. It is
navigable by canal boats to Groveville. At this locality the
water power is estimated at 8.1 horsepower per foot fall, which
is about the amount being utilized at present.

Blacks Creek is not suitable for water supply. At the
lowest mill the water power has been estimated at 1.6 horse-
power per foot fall. This may be doubled by pondage.

Assiscunk Creek, like Blacks Creek, is unfit as a water-supply
source. At present, above Burlington, 3 horsepower per foot
fall is available for nine months; with improvement of a 20-
toot fall, 60 horsepower could be secured.

Rancocas Creek is one of the two largest tributaries to the
Delaware from the State of New Jersey. The headwaters of
the Rancocas drain wooded uncultivated land and the water
which reaches the streams is filtered through sand. The sup-
plying capacity of North Branch at Mount Holly without
storage is estimated o be 22,900,000 gallons daily. South
Branch above Vincentown will supply 9,000,000 gallons daily
without storage.

Above tide water at Mount Holly the water power of North
Branch is estimated at 10.20 horsepower per foot fall for nine
months of the year. At Vincentown South Branch has an
available water power of 4 horsepower per foot fall.

The value of Delaware River as a source of water supply and
water power is very great. This river already supplies 150,000
inhabitants of New Jersey with water. At Trenton the supply
is estimated at 601,600,000 gallons daily without storage. The
natural flow of the river at Trenton amounts to 850,000,000
gallons daily.

As a source of water power the Delaware has been little
utilized. There is no doubt that a much ]EIT‘;_’]’(_‘:I." amount of
water power could be profitably developed. At Trenton 447
horsepower per foot fall is available during nine months of the
year in addition to the amount now in use.

The Trenton quadrangle, lying south of the line of glacial
deposits, is without natural ponds.

UNDERGROUND WATEK.
EFRINGS,
The formations of the Trenton quadrangle, stratified and
gently dipping, furnish conditions favorable for springs, which

are both abundant and copious and which supply the rural
districts with water.
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WELLS.

PIEDMONT PLATEAU,

The erystalline formations exposed through a very small
portion of the Platean district are penetrated abundantly and
deeply by joint planes which afford passage for underground
water. For this reason water may be ohtained by boring, and
artesian wells have been successfully drilled elsewhere in the
same formations.  No artesian wells are known to have been
drilled within the Trenton quadrangle.

The Piedmont Plateau of the Trenton gquadrangle is in
Pennsylvania largely and in New Jersey exclusively an area of
Triassic formations.  Of these formations the sandstone, arkose,
and conglomerate of the Stockton furnish the series most per-
meable to water, The flagstones and shales of the Lockatong
are relatively impervigus. The Brunswick formation, consist-
ing chiefly of shale but including many beds of sandstone,
while more permeable than the Lockatong, iz less permeable
than the Stockton.

The fanlting which has displaced the Triassic formations
affects the water horizon both advantageously and disadvan-
tageously. While the Stockton formation is in some places
made more available than it otherwise would be, in other local-
ities it may be abruptly cut off, together with its water supply.
Water may always be obtained when the Stockton ean be
reached.  Water reaches the permeable beds of the Stockton
not alone along outeropping strata, but by means of vertical or
nearly vertical joint planes which thoroughly intersect and
deeply penetrate the Triassic formations.

In general within the Piedmont area of the Trenton quad-
rangle water is found in rocks which may be drilled with
comparative ease, and the chances of obtaining a supply can be
foretold with considerable aceuracy.

COASTAL PLAIN.

Of the Coastal Plain formations the Raritan, at the base,
contains important water-carrying beds.

The Matawan may be divided into five formations, the lower
1.“‘0 ﬂfl W'I]i{‘.]:l are it[l}lﬁ!l'\'i(}[lﬂ Jl]:“'l E3||!-] {']i‘l}' }_I]"I_-I'_I serve ds a covelr
to the water-bearing sands at the top of the Raritan. The third
formation from the bottom of the Matawan is, in the Trenton
quadrangle, an important water-bearing stratum, a sand bed
about 100 feet thick. This is covered by impervious marl and
clay above which is another sand bed 100 feet in thickness,
constituting a second important water carrier.

The red sand which separates the Rancocas marl beds from
the underlying Monmouth marl beds contains water and is in
the northeast about 100 feet thick. The yellow sand which
separates the Manasquan from the Rancocas is also an impor-
tant water hearer, The Manasquan forms an impervions cover
to this bed.

The Tertiary formations of the Coastal Plain are impor-
tant water bearers along the shore, but do not lie at sufficient
depths in this quadrangle to serve as sources of water supply.

Stemanary of wells on the Cogstad Main within the Trenton guadrangle.®

Locality, ul';'!l._'ilf,llil_i'" 3,?:;25;"; Formation.
Feet, frallons,
HBordentown 119-155 Many. | Raritan ; basal Raritan.
Burlington ______| 185-258 0-25 | Raritan.
Hightstown 2015040 12-70 | Matawan : Raritan : basal
| | | Raritan.
Millville _________| 150-160 | Satisfactory. |
Mount Holly __ __i 675 Raritan,
Trenton uih ! i Lie. = Large supply. | Raritan,
|

“ Darton. N, H., Artesian-well prospects in the Atlantic Coastal Plain :
Bull. U. 8. Geol. Burvey No. 138, 1806, pp. 42-438.

FUBLIC WATER SUPPLIES.

The towns of the Trenton area are inconsiderable in size.
Springs are numerous throughout the Piedmont distriet and
dug and driven wells in both the Piedmont and Coastal Plain
distriets furnish an abundant supply of water. For these
reasons the number of water-supply companies is unusually
small,  Public water supplies are obtained chiefly from
Delaware River and are furnished to the following towns in
Pennsylvania and New Jersey.

PENNSYLVANIA,

Morrisville. — Morrisville is supplied with water by the
Borough Waterworks, owned by the borough of Morrisville.
The corporation obtains its water from Delaware River by
pumps possessing a capacity of 1,000,000 gallons per 24 hours,
and distributes it to the borough without filtration.

Bristol—The Bristol Water Company, established in 1874,
supplies the town of Bristol with water. The water is obtained
from Delaware River by means of a plant with a capacity of
300,000 gallons daily and is distributed unfiltered to the town.

Langhorne.—~—An excellent quality of water is obtained
by the Langhorne BSpring Water Company from copious
springs in the Chickies quartzite. The water flows into a

3,000,000-gallon reservoir, whence it is pumped to a 40,000-
gallon tank placed on a stone tower 35 feet ubove the level of
the town. The pumps have a eapacity of 300,000 gallons in
24 houra. Private wells are also in use in Langhorne.

Newtown.—The Newtown Artesian Water Company supplies
a populated area of about 800 acres from four artesian wells,
pumping about 100,000 gallons daily into a reservoir from
which the water is distributed without filtration.

Other places—These are the only water companies supplying
water to towns in the Pennsylvania portion of the Trenton
quadrangle. The supply of the smaller villages is derived
chiefly from private wells or springs, and oceasionally is col-
lected in cisterns. The wells are from 15 to 25 feet deep and
the water is described as hard.

NEW JERSEY.

Trenton.—The city of Trenton, including Milham and
Chambersburg, is supplied by the Trenton Waterworks, under
municipal ownership. The source of the water is Delaware
River, from which water iz pumped to a storage reservoir with
a capacity of 112,000,000 gallons. The daily consumption of
water is 11,000,000 gallons.

Bordentown.—Bordentown was formerly supplied by a pri-
vate company, the Bordentown Reservoir and Water Company,
from Crosswicks Creek, the water being subjected to natural
filter pressure and coagulated with alum. In 1906 a new
supply under municipal ownership was obtained from springs
at the foot of the bluff along Crosswicks Creek, near White
Horse, the water being collected in a series of horizontal gal-
leries and led to a large collecting well. The average daily
consumption is about 300,000 gallons, and the population of
the city is about 4200.

Fieldsboro.—Fieldsboro iz supplied with water i_’]‘l;l.,“"}’ from
private wells and cisterns. The only public supply is that
furnished to a few families by courtesy of the Union Steam
Forge, which obtains the water from the Delaware.

Burlington.—The city of Burlington is supplied with water
by waterworks owned and operated by the city. The water is
obtained from Delaware River and delivered direct without
filtration, and the plant has a eapacity of 2,000,000 gallons in
24 howrs. Owing to the unsatisfactory nature of the water a
new supply is being sought.

Beverly.—The Delaware River Water Company, obtaining
its water from Delaware River and from wells, supplies an area
which embraces the city of Beverly, South Beverly, Edgewater
Park, Delanco, and Riverside. The plant has a capacity of
1,500,000 gallons in 24 hours.  Delanco, Edgewater Park, and
H!}I_l,t.l'l, ,j)-ﬁ;‘r'l_'r.l:!.’ are -|'||.‘:H_'] Hlll]]ili{!i] !‘I'OIII: I]I'i'l.'q'!lﬂ \‘L'E_‘IIE‘S-,

Mount Holly.—Mount Holly, a town of over 5000 inhab-
itants, iz supplied with water by the Mount Holly Water Com-
pany, incorporated in 1845, The water is taken from North
Branch of Rancoeas Creek and fivst lows into a supply well,
where a zolution of alominum sulphate iz added. Thence it is
pumped to sedimentation tanks, whence it flows by gravity to
the filter tanks, which have a capacity of 1,500,000 gallons per
24 hours and are of the New York Continental Jewell type.
From the filter tanks the water descends to the filtered-water
reservoir and is pumped thence to a 1,500,000-gallon reservoir
on Mount Holly 100 feet above the pumping station and 180
feet above sea level. The pumping capacity of the plant is
60,000 gallons an hour, with a duplicate plant for emergencies.
The average consumption of water is 450,000 gallons per day.
An analysis shows it to be good drinking water,

Wrightstown.—The Wrightstown Water, Electric Light, and
Sewer Company supplies Wrightstown, a village of 200 inhab-
itants, with water from an artesian well having a capacity of
10,000 gallons per 24 hours. The water is not filtered.

New Egyplt.—New Egypt is supplied by the New Egypt
Water Company from an artesian well with a capacity of
10,000 gallons per 24 hours. The water is not filtered.

Hightstown.—The Hightstown Waterworks, owned and
operated by the horough, furnishes Hightstown with water.
The horongh owns four artesian wells, of which the three in
use possess a capacity of 150,000 gallons per 24 hours. The
water is broken up by means of air pumps and a small stream
of lime water is introduced. The water is then filtered through
sand.

Lambertville.—Lambertville is supplied by water obtained
from springs having a capacity of 38,000,000 gallons. The
water is passed through sand filters and is handled by the
Lambertville Water Company.

Hopewell —Hopewell, a town of about 1200 inhabitants, iz
supplied with water by the Hopewell Water Company, which
obtains the water from springs and an artesian well. The
water is not filtered.

Other fowns.—All other towns on the Coastal Plain are
supplied from private wells, chiefly dug wells.  All other towns
on the Piedmont Platean are supplied with water from dug
wells, cisterns, or springs, and a few from driven wells. Fast
Millstone is largely supplied by means of driven wells.

April, 1905.
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COLUMNAR SECTIONS .

GEMNERALIZED SECTION OF THE PRE-CRETACEOUS ROCKS OF THE TRENTON DISTRICT. GEMERALIZED SECTION OF THE POST-TRIASSIC AQGKS OF THE TRENTON DISTRIGT.
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and still smaller ones slages. The age of a rock is expressed
by the name of the time interval in which it was formed.

The sedimentary formations deposited during a period are
grouped together into a system. The principal divisions of a
system are called series.  Any aggregate of formations less
than a series is called a group.

Inasmuch as sedimentary deposits accumulate’ successively
the younger rest on those that are older, and their relative
ages may be determined by observing their positions. In
many regions of intense disturbance, however, the beds have
been overturned by folding or superposed by faulting, so that
it may be difficult to determine their relative ages from their
present positions; under such conditions fossils, if present,
may indicate which of two or more formations is the oldest.

Many stratified rocks contain fossils, the remains or
imprints of plants and animals which, at the time the strata
were deposited, lived in bodies of water or were washed into
them, or were buried in surficial deposits on the land. Such
rocks! are called fossiliferous. By studying fossils it has
been found that the life of each period of the earth’s history
was to a great extent different from that of other periods.
Only the simpler kinds of marine life existed when the oldest
fossiliferous rocks were deposited.  IFrom time to time more
complex kinds developed, and as the simpler ones lived on in
modified forms life became more varied. But during each
period there lived peculiar forms, which did not exist in carlier
times and have not existed since; these are characteristic types,
and they define the age of any bed of rock in which they are
found. Other types passed on from period to period, and thus
linked the systems together, forming a chain of life from the
time of the oldest fossiliferous rocks to the present. Where
two sedimentary formations are remote from each other and it
is impossible to observe their relative positions, the character-
istic fossil types found in them may determine which was
deposited first. Fossil remains in the strata’ of different areas,
provinces, and continents afford the most important means for
combining local histories info a general earth history.

It is many places difficult or impossible to determine the age
of an igneous formation, but the relative age of such a forma-
tion can in general be ascertained by observing whether an
associated sedimentary formation of known age is cut by the
igneous mass or is deposited upon it. Similarly, the time at

" which metamorphie rocks were formed from the original masses

may be shown by their relations to adjacent formations of
known age; but the age recorded on the map is that of the
original masses and not that of their metamorphism.

Symbols, eolors, and patlerns—Each formation is shown on
the map by a distinetive combination of color and pattern and
is labeled by a speeial letter symbol.

Patterns composed of parallel straight lines are used to
represent sedimentary formations deposited in the sea, in lakes,
or in other bodies of standing water. Patterns of dots and
circles rvepresent alluvial, glacial, and eolian formations.  Pat-

terns of triangles and rhombs are used for igneous formations.
Metamorphie rocks of unknown origin are represented hy
short dashes ivregularly placed ; if the rock is schist the dashes
may be arranged in wavy lines parallel to the structure planes.

Suitablé combination patterns are used for metamorphic forma-

tions known to be of sedimentary or of igneous origin. The

patterns of each class are printed in various colors.  With the-

patterns of parallel lines, colors arve used to indicate age, a
particular color being assigned to each systein.

The symbols consist each of two or more letters.  If the age
of a formation is known the symbol includes the system sym-
bol, which is a capital letter or monogram; otherwise the
symbols are composed of small letters.

The names of the systems and of series that have been given
distinetive names, in order from youngest to oldest, with the
color and symbol assigned to each system, are given in the
subjoined table.

Symbols and colors assigned fo the rock systems.

iﬁ;.-m-! Color for sedi-

Eystom. b Series. | Lol | mentary rocks,
1
J{ i AT o e L | : fE{,:ﬁ;fﬁ@;@“ "z : | © | Brownlsh yellow.
| L=
A | { Mlioeene........ 1
Conompic 11 AT il
| R R T e Ky s i s el e m e ”'1'-":' T Yellow achorp,
¥ l Ol Il
l Fosiny g
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MO@oE01a. 1 JUFRBAIN ..o e cnaas i mmamm o mnm s i s e e e J | Blue-green,
o T TR B SR B | T TR LR DR R RO B Peguroek T,
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EURFACE FORMS,

Hills, 'n.';llh-:.':-{, and all other .l-mi'f:l»:'t_* forms have been |}1‘m1l|<'w|
by geologic processes.  For example, most valleys are the result
of erosion hy the streams that flow through them (see fig. 1),
and the alluvial plains bordering many streams were built up
by the streams; waves cut sea cliffs and, in cooperation with
currents, build up sand spits and bars. Topographic forms
thus constitute part of the record of the history of the earth.

Some forms are inseparably connected with deposition. The
Iooked spit shown in figure 1 is an illustration. To this class
belong beaches, alluvial plains, lava streams, drumlins (smooth

“oval hills composed of till), and moraines (ridges of drift made

at the edges of glaciers). Other forms are produced by erosion.

The sea cliff'is an illustration; it may be carved from any rock.
To this class belong abandoned river channels, glacial furrows,
and peneplains. In the making of a stream terrace an alluvial
plain is first built and afterward partly eroded away. The
shaping of a marine or lacustrine plain is usually a double
process, hills I‘Jeillg Worn away [u"rri,rm'dﬂﬂ} and \':l“[!_‘_ﬂ,’i‘j 1rq!i115_!;
filled up (aggraded).

All parts of the land surface are subject to the action of air,
water, and ice, which slowly wear them down, and streams
carry the waste material to the sea. As the process depends on
the flow of water to the sea, it can not be carried below sea
level, and the zea is therefore called the base-fevel of erosion.
Lakes or large rivers may determine local base-levels for certain
regions.  When a large tract is for a long time undisturbed by
uplift or subsidence it is degraded nearly to base-level, and the
fairly even surface thus produced is ealled @ pereplain.  If the
tract is afterward uplifted, the elevited peneplain becomes a
record of the former close velation of the tract to base-level.

THE VARIOUS GEOLOGIC SHEETS.

Areal geology map.—The map showing the aveas ocenpied
by the various formations is called an areal geology map. -On
the margin is a legend, which is the key to the map. To ascer-
tain the meaning of any color or pattern and its letter symbol
the reader should look for that color, pattern, and symbol in
the legend, where he will find the name and description of the
formation.  If it is desired to find any particular formation, its
name should-be sought in the legend and its color and pattern
noted; then the areas on the map corresponding in color ani
pattern may be triced ont. The legénd is also a partial state-
ment of the geologic history. In it the names of formations
are arranged in columnar form, grouped primarily according
to origin—sedimentary, igneous, and crystalline of unknown
origin—and within each group they are placed in the order
of age, so far as known, the youngest at the top.

Leonvme geology map.~The map veprezenting the distribu-
tion of useful minerals and rocks and showing their relations
to the topographic features and to the geologic formations is
termed the economie geology map. The formations that appear
on the areal geology map are usually shown on this map by
fainter color patterns and the areas of productive formations
are emphasized by strong colors. A mine symbol shows the
location. of each mine or quarry and is accompanied by the
name of the principal mineral mined or stone quarried. .If
there are important mining industries or artesian basing in the
area special maps to show these additional economie features
are included in the folio.

Strueture-seetion sheef.—In ecliffs, canyons, shafts, and other
natural and artificial euttings the relations of different beds to
one another may be seen. Any cutting that exhibits those
relations is called a seefion, and the same term is applied to a
diagram representing the relations.  The arrangement of rocks
in the earth is the earth's structure, and a section exhibiting
this arrangement is called a siructure section.

The geologist iz not limited, however, to natural and arti-
ficial cuttings for his information concerning the earth’s
strocture.  Knowing the manner of formation of rocks and
having traced out the relations among the beds on the surface,
lie can infer their relative ]:::Hi[iml:-; after Ii!t-_}' |rirss beneath the
surface and can draw sections representing the structure to a
considerable depth. Such a section is illustrated in figure 2.

Frouri 2. —Sketch showing a vertical section at the front and o landseape
beyond. "

The figure represents a landscape which is cut off sharply
in the foreground on a vertical plane, so as to show the
underground relations of the rocks. The kinds of rock are
indicated by ‘appropriate patterns. of lines, dots, and dashes.
These patterns admit of much variation, but those shown in
figure & are used to represent the commoner kinds of rock.

Limestones, Hhales,

g 25 M

e i e

!{;Lruinfﬁlmx mmil oo Bhaly sumilstonss, Caloenreous sand=iones,

glomarntes

Bohists, Massive and bedded ignsous rocks.

Fiauirk 3.—Symbels used in sections to represent different kinds of rocks,

The platean shown at the left of figure 2 presents toward
the lower land an escarpment, or front, which is made up of

sandstones, forming the cliffs, and shales, constituting the
slopes. The broad belt of lower land is traversed by several
ridges, which are seen in the section to correspond to the out-
crops of a bed of sandstone that rises to the surface. The
upturned edges of this bed form the ridges, and the inter-
mediate valleys follow the outerops of limestone and caleareous
shale.

Where the edges of the strata appear at the surface their
thickness can be measured and the angles at which they dip
below the surface can be observed. Thus their positions
underground can be inferred.  The direction of the intersec-
tion of a bed with a horizontal plane is called the sfrike. The
inclination of the bed to the horizontal plane, measured at
right angles to the strike, is called the dip.

In many regions the strata are hent into tronghs and arches,
such as are seen in figure 2. The arches are called anficlines
and the troughs synelines. As the sandstones, shales, and
limestones were deposited beneath the sea in nearly flat sheets,

~the fact that they are now bent and folded is proof that'forces

have from time to time caused the earth’s surface to wrinkle
along certain zones. In places the strata are broken across
and the parts have slipped past each other. Such breaks are
termed faulis.  Two kinds of faults are shown in figure 4.

Frovneg 4.—Ideal sections of strata, ghowing (a) normal faults and (b) a
thrust or reperse fault.

At the right of figure 2 the section shows schists that are
traversed by igneous rurks. The schists are much contorted
and their arrangement underground ecan not beé inferred.
Hence that portion of the,section delineates what is probably
true but is not known by observation or by well-founded
inference.

The section also shows three sets of formations, distinguished
by their underground relations. The uppermost set, seen at
the left, is made up of sandstbnes and shales, which lie in a
horizontal position. These strata were laid down under water
but are now high above the sea, forming a plateau, and their
change of elevation shows that a portion of the earth’s mass has
been uplified. The strata of this set are parallel, a relation
which is called conformable. '

The second set of formations consists of strata that have been
folded into arches and troughs. These strata were once eon-
tinuous, but the: crests of the arches have been removed by
erogion. The beds, like those of the first set, are conformable.

The horizontal strata of thes plateau l'est'npon the upturned,
eroded edges of the beds of the second set shown at the left of
the section. The overlying deposits ave, from their position,
evidently younger than the undérlying deposits, and the bend-
ing and eroding of the older beds must have oceurred between
their deposition and the acenmulation of the younger beds.
The younger rocks are wnconfermable to the older, and the
surtace of contact s an wnconformily.

The third set of formations consists of erystalline schists and
igneous roeks. At some period .of their history the schists
were folded or plicated by pressure and traversed by eruptions
of molten rock. But the pressure and intrusion of igneous
rocks have not affected the overlying strata of the second set.
Thus it is evident that a considerable interval® elapsed between
the formation of the schists and the beginning of deposition of
the strata of the second set. During this interval the schists
were metamorphosed, they were disturbed by eruptive activity,
and they were deeply eroded. The contact between the second
and third sets is another unconformity; it marks a time
interval between two periods of rock formation.

The section and landscape in figure 2 arve ideal, but they
illustrate actual relations. The sections on the structure-
section sheet are related to the maps as the section in the
figure is related to the landseape. The profile of the surface
in the section corresponds to the actual slopes of the ground
along the section line, and the depth from the surface of any
mineral-producing or water-bearing stratum that appears in
the section may be measured by using the scale of the map.

Colwmnar seclion.—The geologie maps are usually accom-
panied by a columnar secfion, which contains a concise
description of the sedimentary formations that occur in the
quadrangle. It presents a summary of the facts relating to the
character of the rocks, the thickness of the formations, and the
order of aceumulation of suceessive deposits,

The rocks are briefly deseribed, and their characters are
indicated in the columnar disgram. The thicknesses of for-
mations are given in figures that state the least and greatest
measurements, and the average thickness of each formation iz
shown in the column, which is drawn to seale. The order of
accumulation ot the sediments is shown in the columnar
urmngvnmni—lhn oldest huit]g at the bottom, the voungest at
the top.

The intervals of time that correspond to events of uplift and
degradation and constitute interruptions of deposition are
indicated graphically and by the word * unconformity.”

GEORGE OTIS SMITH,

May, 1909. Director.
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T9i | Stewansan' el b o il s Ala-Ga-Tenn. ........ 5
20 | Cleveland . .." ...... sl A R TEaREe & s e 25
21 Bileavilla® S vl b 5k, b el i Tennessse . . ... ...... 25
22 | MoMinnwille . . ... ..... Tonmesses , ... . ... ... e5
SER| W ominte s . ks Aot Maryland-Virginia . . .. .. 25
24 | ThreeForke. .. ... . ... [ B et PR gl e S o8
SRS Tomdant s 8w o, e L0 e i Tenmesgee . . & ... .. a5
26 | Pocahontas .. ... ... Virginia-West Virginia . . . . £
2% | Morristown ... ... 0L Tennesgee . . . . ....... a5
SE I EIndmont T, i eyt i West Virginia-Maryland . . . | 95
29 | Nevada City Special . . . .. Galttornia L LA L, 50
80 | Yellowktone Mational Fa,rkf Wyoming ) Lt B0
31 | Pyramid Peak .. .. . e Clalformial et S g 25
32 | Franklin o, . . 275" . . | West Virginla-Virginia . . . . 25
O N = (e 1 T S VRS Tenoeagee . . .. . ... ... o8
84 | Buckhanmén. ... ........ West Virginia . . . ... ... 25
&8 | Gadstden TR LS L Alabama . ... .. 3 e AR a5
S8 | Poablo, [lwegE BoloTadn e ey WRR i S a5
&¢ | 'Downieville ... . . v .. L 1T ey a1 R e S it A O ob
58 Butte Special . . ....... Montanas s s RERE s as
o IR AT T e ERlTormia 47 55 s e o8
I R ) R Y P ennsstmar. 00 kL, L 15
41 S, e L e Balfarmia- S o T 25
G A R [ (2T e A IR L G oAt bk Lo B W e Ty 25
43 (| BidwellBar . ......... BHIEOTIIR £t e e i 25
C N e | S e i Virginia-West Virginia . . . . 25
AR e e e L R Idahoiiass- o RS EE T a5
4E |" Richmond . . . ... ... .. Kentuoky .. ..... AR 25
- T ] BT ) T B S M | sBenbaokydatis oo s a5
48 | Tenmile District Special . . . | Golorado . . . ... ... ... 25
G e SR T L L Dregeﬁ ............. 25
BON R yoke . e Massachusetts-Connecticut . 25
[ 1= B T e e Ealifomilas e L o 28
| LT ] e A Foromings k. b L 20
55 | Standingstone ... .. .. .. Tenneesas . . . . . . . . . . . 28
- il ERE R Tofa a0 e PR Washington . ¢ . . 0. .. a5
55 Fort Benton ... 0L L0 .. RAGTERTIA e n o R A 25
§6 | Little Belt Mountains . . . . Montana: o e s 25
S el harid e s e et Ly Gologado, & el LT b ' 25

£8 Elmoro . . . o e Lolomadnt.  seet s hi T b et
S uBrisbol N, A R Virginia-Tennessee. . . . . . 25
(1o M ! 1N o 1 R B SR Colorado . . . .. g gt 25
61 Monterey .. ... .. .. . Virginia-West ‘u'lrglma. N 25
62 Menominee Special . . . . . . v Ry T T A R U 25
88 Mother Lode District . . . . Ealifobmian., ot et 80
84 [kt b [t s e Texas il B 25
68 | Tintic Special . . . . . S LRt e SR - a5
SEu| Sbaliam i ki R A e s T o T R S 25
T4 O 1] R R N e Hineis-indiana. . . .. . . .. a5
68 Walgenburg . . ... ... . Bolnracnt e s o s o 25
69 Huntingbon: . .« .o .. ... West Virginia-Ohio . . . . . . a5
0 | Washingbons. - 5 a0 N g ) e N . 150
71 Spanish Peaks ... ... .. LT P S S A 25
€2 | Ghareston . . ~. ... .... West Virginia . ... . ... .. 25
A LT = oy R S S R e (]I o R e S g 25
A b Goalgate o B RE T e [ndian Territory . . . . . ... 25
¢6 | Maymardville: . . ... TanneEEas G ok 0, 25
76 Tofh o i La e, B ESTE el ACH BIEERE! & T un S 25
] IR oy B D R Weast Virginia . . ... ... 25
vt 2T (R oy 11 P e W e L S Georgia-Alabama . . . . . . . 25
b e el YRR TS R L ST Indian Territory. . . . .. .. 25
80 | Marfolk T Virginia-Morth Garolina . . . 28
81 ShlcalFartpm et Sk AL Minois-Indiana N 80
82 | Masontown-Uniontown . . .| Pennsylvania ......... 25
86| MawXorkGity ........ New York-New Jersey 50
84 [0 K77 AR S L R T 25

EhErimoyl R AR TR e

GEOLEOGIC IO T @5

No.* Mame of folio. State. Price.t
Cents.
BES O alriehins 0 g e South Dakota-Nebraska . . . 25
BE | Ellansburg . ... ....... Washington . . ... .0 25
87 (- CampClarke. . ........ Mabrasgka <. s o e s 25
88| ScottsBluff . ......... Mabraska ' o on b B | 25
89 | PortOrford . .. .. .. .. PBEOTE s % it e hae e e 25
S0:| ' Granberey s 0L L e .. | Morth Garclina-Tennessee . . 28
9] 11 b3 gy 1| T ERE St SN RO gt St T e i | 25
58" VA Cninaeh sl ap BT S Tl Pennsylvania-New York. . . | 25
95 | Elkland-Tioga . .. ...... Pennsylvania .........| 25
924 | Brownsville-Connellgville . . | Pennsylvania ... ...... 25
OB Balambia A e TenNeBREA . & i sinn v s 25
] L b ) SR e T A L South Dakota . .. .. ... 25
2t ] S T e e R R R T South Dalkota . . .. ... .. 25
981 "Tiehomipge: . . .0 . .1 . - _Indian Territery . . . . . . .. 25
Okl iMIbehallly 2 c ai s T R South Dakota . . ........ 25
100 | Alsramdrln . oo e vl South Dakota . . . ... ... 25
101 Sanplaasai e e California 25
LA Andianay. SR, T Penngylvania . .. ...... 25
e R B [y e T R Ml i e ldaho-Oregon . . ....... 25
0 O SilwariBrky T L LAabmp. St & s i it a5
LOBCE Patolntelil " D00 T Indiana-Illinois . . ...... 25
108 Mount Staart . ... . .. . .. Washington ... .. 25
10% | MNewecastle . . ... . .....: Wyoming-South- Daknt.a, : 25
108 BEdgemont . .. .. ... South Dakota-Nebraska . . . 25
109 | Cottonwood Falls . . . .. .. ECRNBAS: . ortis #1800 . ae 25
L1000 Datrahea: s S8 By S i 08 Fenngylvania . ........ 25
111 o R A e S At B P ZOOE g e e W 25
Jsliere b Biahed s i U A, e by L L AR SO R ! a8
T i o e L A TR Rl South Dakota . ...... .. 25
114 | De Smet L STOr e South Daloots . . . o' Li. . a5
115 Kittanningi 55, o5 e oo Pennsylvania . . , ... ... 25
L6 -1 Behewilla ¢ s oo d 08 North Carolina-Tennessea . . 28
117 Casselten-Fargo .. ... .. North Dakota-Minnesota . . 25
| 118 | Greeneville . ... | Tennessee-North Carolina. . o985
| 119 Fayattaville . . ... ... .. Arkansas-Missouri . ., . .. 28
120 Silwarfon &« b0 LAk Galoradd..s o a0 S ey 25
121 Waynesburg .. . ....... Pennsylvania . ........ o258
[ 123 | Tahleguahies 8o, L Indian Territory-Arkansas . . ]
| 125 Elders Fidge . . ..... .. Pennsylvania .. ... .. .. 25
124 | Mount Mitechall . . .. .. .. MNorth Carolina-Tennassea . . 98
125 Ruaral Valleay /., - . ... . ... Pennsylvania ......... 25
126 | Bradshaw Mountains. . . . . ArTmamials: P e a8
127 sundance:. .. o L. ... Jd Wyoming-South Dakota . . . 28
T2E- SR Taddin, 8 et L Wyo.-S! Dak.-Mont. . ... . 25
e e R TR o o L e ATTZOTVRE S5, &b i by 5 iy o a5
L= O N o 7 [P St NS e Golarida "t =0 | S B 95
181 | Needle Mountains ... ... Colorado LA 25
182 Museagas . .°. - ... . 0. Indian Terrbory - .« .. .. [ 25
153 Ehengburg - . . 0 7. .. 5. Pannsylvania . . ... ... N - 1
1 T O = T T R e e Penngylvania . . .. ... .. 25
161 apeeran 1 . S, ok s TS T E o] orad ofee S e S TR 28
156 [T ETAMARIRL &\ b ek Maryland-Virginia . . . . . . | 25
157 T A SR S S Del-Md.-N. J.......... | 25
158 Reddings i faik i Pl Galifornia s 1t | S gt | a5
159 Snogualmie . ......... Washington . . ... ... .. 25 ’
140 Milwaukee Special . . . . .. Wisgongin¥. "l - o sl o0 L 25
141 Bald Mountain-Dayton N O S 8 s ekt -3, At |i i e
142 | Cloud Peak-Fort McKinney . | Wyoming . iy T R
145 | MNantahala .. ... ...... Morth Garelma Tennessee E o 25
144 | Amity .. ... s R Pennsylvania .........| 95
145 i Lancaster-Mineral Point . . Wlscunsmaluwa,—ﬂ]mom 4 el ! a5
146 | Rogersville . . ... ..... Pennsylvania .. ....... 25
o =TT T S N. Carolina-S. Garolina . .. | 95
148 ! Joplin Digtrict . . . ... :. Missouri-Kansas . . .. .. . S50
149 | Pencbscot Bay . ... .... Maine a5
150 | Devwils Tower . . . ...... Wromilgs e, Sk, han N wa a5 .
151 i Roan Mountain . . . . ... . Tennessee-North Carolina . 28
1B TPaltent e Lol s e =T Ol oS B 2 R
5T (] e VS o el S e Coloradot: S0 0 s 08 LSl b 28
‘154 | Winslow . . .. ........ | Arkansas-Indian Territory . 26
LEE™ | Ann Arboke 4.5 At Jain Michigan e «F e s TR0 5 28
LBE: [[AEIE RN . s oo S. Dak.-Mebr.-lowa . .. .. 25
157 | Passaic wee.....| NewJersey-New York ...| 25
1683 Booklamait. T nh sl L 0 A airiaty St N e T 25
169 | Independence ... ... ... Kanses. & . ... 25
160 | Accident-Grantsville. . . . . | Md.-Pa.-W. Va. . { 25
161 Franklin Furmnace . . . . . .. Mew Jersey .'. ... ..... a5
162 | Philadelphia . % ... o.. Pa-M.J=Dal.. .. .. 0. 50
168 | Santa Cruz b YRR, Califormlasts . o i g et 25
164" | Belle Fourche. .. ... ... South Dakota . . . ... .. / a5
165 | Aberdeen-Redfield . . . . . . South Dakota, . . . ...... 25
166 El'Bano §:f%.5x ghirriaeadt, v Texas : ) 25
1aT | Trans ot S rE Al s Mew Jereey-Pennsytvama. ; e85

on application to the Director, United States Geological Survey. Washington, D. C.

* Order by number.

4 Payment must be mada by monaey order or in cash.

t Thasa folios are out of stock.

" Girculars showing the location of the area covered by any of the above folios, as well as information concerning mmgra.pme maps and other publications of the Geological Survey, may be had

-



