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PREFACE

In the twenty-five years that have clapsed since the publieation

of Bulletin 14, T'he Geology of New Jersey by J. Volney Lewis and
Henry B. Kiimmel, great progress has been made in the science
of geology and mueh eareful work has been done not only in New

~ Jersey but in adjacent states, This has Pccessitatcd gsome changes

in our conclusions regarding the classification and geologic history
of some rock formations in New Jersey. Moreover, the original
cdition of Builetin 14 has been out of print for many years and
there has been a steady demand from various sources for a sum-
roary of the geology of the State, so that the need for a new edition

. bas long been apparent.

The retiroment of the author as State Geolegist and Director
of the Department of Conservation and Development in 1937, re-
lieved him of al administrative duties and gave him the desired
upportun'ity of returning to his scientific studies and particularly

of rewriting the geologic history of New Jersey.

In preparing this cdition the anthor has not hesitated to use
without quotation marks such sections of Bulletin 14 as seemed
appropriate to this work. He desires to express his indebtedness to
Dr. Lewis for the latter's share in the earlier work, but he has not
hesitated to make many changes both in arrangeinent, text and in
some eases conclusions as set forth herein, Dr. Lewis cannot, there-
fore, be held responsible for these or the language in which they
are clothied exeept in 80 far as they are identical with the statements
in the earlier report.

Bulletin 14 was written originally to explain the State Geo-
Jogical Map (1910 - 1912). Several editions of this map have been

~ published with minor changes, the last in 1933, and copies ean still

be obtained at a mominal charge from the Department office in the
State House Annex, Trenton, N. J.

As indicated in the title of the map, the geologie data have
been compiled from both the published maps and the unpublished

5

RSEY GEOLOGICAL SURVEY



manuseript data in the possession of-the Survey. The published
geologie folios and those in-process of publication, under the joint
auspices of the Geological Survey of New Jersey and the United
States Geological Survey, have been followed as far as they go;

that is, for the areas covered by the Franklin Furnace, New Yorh

City, Trenton, Passaic, Philadelphia, and Raritan folios. Other
parts of the State have been covered by the field work of the
several geologists named : Dr. William 8. Bayley, the pre-Cambrian
areas of the Highlands; Dr. Heury B, Kimmel, the Paleozoic,
Triassie, and the Quaternary areas; Professor Rollin D, Salisbury,
the Quaternary formations; and Mr. G. N. Xnapp, the Cretaceous
Tertiary and Quaternary areas of the Coastal Plain, ,

Special acknowledgments are due to the emgravers, Messrs.
Hoen & Company, of Baltimore, Md., for their painstaking care
at every stage of the difficult and eomplicated task of reproducing
the map and for the excellent workmanship that is apparent in both
the engraving and the printing.

HENRY B. KUMMEL.
Trenton, N, J., March 15, 1940.
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CHAPTER 1. '
GEOGRAPHY OF NEW JERSEY.

LOCATION AND AREA. .

New Jerscy is a portion of the Atlantic slope of North America,
(Fig. 1, L 1I) and lics between the parallels of 38° 55’ 40” and
41° 21’ 22.6” north latitude and the meridians of 73° 53 397 and
75° 35" 00” west longitude, The State is limited by natural
boundaries—rivers, bays, and the ccean—on all sides except the
northeast, where the New York-New Jersey line runs across the
country from the Hudson to the Delaware, a distance of 48 miles.

The extreme length of the State from the most northerly poing
near Port Jervis to Cape May, is 166 miles. From Trenton to the

head of Raritan Bay, across the marrowest part of the State, the -

distance is only 32 miles. The portion of the State north of this
line is nearly square and is about 55 miles across m a northwest.
southeast direction and 65 miles from northeast to southwest. The
sputhern portion of the State, which i3 36 miles across from
Bordentown to the shore, gradually broadens southward to a
maximum width of 57 miles a little south of the line from' Camden
to Atlantic City. The length of this southern part, from Raritan
Bay to Delaware Bay, is 100 miles.

The land_area of the State is 7,514 square miles, and 710 square

—— -.—j\#‘-—-—-‘. - e

miles of water—bays, harbors, lakes, ete—~lie within its horders,

making a total area of 8,224 square miles.!

GrograArHIC PrOVINCES

The Atlant:c slope of the United States i included in two
geographie and geologie provinces: {1) the Coastal Plain, which
borders the Atlantic from the Gulf of Mexico to the Hudson and
which is represented morthward to Massachusetts Bay by several
islands and the peninsula of Cape Cod; (2) the Appalachian
province, which extends from the Coastal Plain westward to the
Mississippi lowland and from central Alabama northeastward into
Canada. The boundary between the two provinees rnns obliguely
across New Jersev in a nearly straight line through Trenton and
New Brunswiek, (PL 1I, Fig. 1).

! The recent decision of the U. 5. Supreme Court regarding the boundary
between New Jersey and Delaware within the 12-mile circle from New Casile,
may subtract a small amount from this figure. . ‘

(15)
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16 ‘ GEOLOGY OF NEW JERSEY

Each provinee is a fairly distinet geologic and physiographic
unit whose general geologie history, as recorded in its rocks, its
structures, and its physiography, is nearly the same throughout
fxll its parts. The two provineces differ from each other, however
in their rocks and geologic strueture and hence have had disssirrdlaxi
histories,

Fig. 1. Map of the northern part of the A
ppalachian provine
the physifographic divisions and its relation to the Cgast:i?p;l:l}:lc.'wmg

APPALACHIAN PROVINCE,

The four major divisions of the Appalachian provinee, named in
. order from west to' east, are (1) the Appalachian Platean, (2} the
Appalachian Valley, (3) the Appalachian Mountains, and (4) ihe
Piedmont Platean. All but the first of these enter New Jersey.
The Appalachian Valley.—This is a broad belt of valleys and
subordinate ridges lving between the Appalachian Mountains on
the east and the Appalachian Plateau on the west and extending
throughout the length of the provinee. Its surface is in general
much Jower than that of the adjaeent divisions, though in parts
of its length the crests of some of the subordinate ridges which
traverse it have about the same altitude as the Appalachian

WSS
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narrow, and like the great valley itself, have a pronounced north-
cast-sonthwest trend.

From Virginia southwestward the minor ridges become pro-
gressively lower and the belt as a whole is occupied by a broad
valley—the Valley of East Tennessee and the Coosa Valley of
Georgia and Alabama. From Virginia to New York State the
western side of the valley belt is broken by high, sharp ridges and
only the eastern side is occupied by the great valley, to which
various local names are given. Northeast of the Hudson the
divisions of the province lose much of their definite character, but
the Appalachian Valley is continued in the Champlain Valley of
western Vermont.

In New Jersey (Pl II) the Appalachian Valley contains a large
part of Warren and Sussex counties and has an area of 635 square
miles—a little more than one-twelfth of the State. Its eastern
part is occupied by the broad Kittatinny Valley and the western
part by the narrow valley of the upper Delaware, the two being
separated by the bold, even-crested ridge of Kittatinny Mountain,
which, although orie of the ridges of the Appalachian Valley belt,

,reaches a greater altitude than the Highlands east of the valley.

The portion of the Kittatinny Valley within thd State is 40
miles long and about 12 miles wide. Its plains and bottom lands
lie between 400 and 600 feet above sea level and its hills and
ridges rise to elevations of 800 to 1000 feet. The valley lands in
the narrow upper Delaware Valley are about 500 feet above sea
level whereas the river itself drops from 403 feet at the New York
State line to 287 feet at Delaware Water Gap. The even crest of
Kittatinny Mountain, the bold ridge that separates the two valleys,
is 1,600 to 1,800 feet high and atiains a maximum elevation of
1.804* feet at High Point, the highest in the State, The mountain
varies in width from 1 to 5 wmiles (Fig. 9 and 10). ‘

The Appalachian Mountains.—~The Appalachian Valley is
hounded on the east by the Appalachian Mountains, which in the
Middle Atlantic States form a rather narrow belt of irregular,
more or less interrupted ridges, nowhere of great altitude, but as
# rule rising rather abruptly from the lower country on either
cide. South of the Potomac the belt is broader, in western North
Carolina reaching a width of 60 miles and culminating in the

1Top of a glacial bowlder which formerly rested on the highest point of
hed rock. The elevation given on the tablet aitached to the base of the monu-

ment i3 incorrect if intended to give the elevation of the crest of the mountain
pefore the monument was erected, .
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highest. summits of eastern North America. In"the southern
Appalachians the rather sinuous divide between the streams flow-
ing to the Ohio and those flowing directly to the Atlantic is
called the Blue Ridge. For much of its length the Blue Ridge
defines the eastern limit of the Appalachian Mountain belt and
forms a bold scarp facing southeast, toward the Piedmont Plateau.

In New Jersey (Pl II) the Appalachian Mountains form a
belt from 10 to 25 miles wide, known as the Highlands, which
crosses the northern part of the State southeast of Kittatinny Val-
ley. The Highlands have an area of 900 square miles (about one-
eighth of the State) and an average elevation of about 1,000 feet
above sea level. They are chiefly in northern ITunterdon, Morris,
and Passaic counties and the southeastern borders of Warren and

Sussex. Their maximum elevation is 1,496 feet midway between .

Canistear and Vernon in Sussex County, Bearfort Mountain
reaches 1,491 feet and there are several peints on Wawayanda
. and Hamburg mountains in Sussex over 1,400 feet above sea level
~ Sparta Mountain, 2 miles southwest of Stockholm is 1,406 feet, but
_pone to the South and east reaches 1,400 feet. The Highlands
gradually - destend to Ramapo Mountain on the sgutheastern
border, with a maximum elevation of 1,171 feet, and to Musco-
neteong Mountain at the southwest, with a maximum altitude of

987 feet apd its southwest end near the Delaware a little below .

800 feet. The valleys range from 500 to 800 fect above sea level.
The lower Pohatcong, Musconetcong and Wanaque valleys are
below 500 feet, '

In general the Highlands consist of several broad, rounded or
fiat-topped ridges, rising 400 fo 600 fceet above the lowlands on
either side and separated from each other by deep and generally
narrow valleys. The larger topographical features of the High-
lands, like those of the Appalachian Valley, show a marked north-
east-southwest trend, although the ridges are much broader and
more massive and many of the minor features are, irregnlar. Some
of the prominent valleys, such as the Rockaway, the Pequannock,

and the Delaware, are transverse to the general trend. Near the '

Delaware the Highlands are lower and are broken by broad inter-
highland valleys. They econtinue sonthwestward inte Pennsyl-
vania for a few miles as low, irregular ridges; northeastward in
New York they extend to and across the Iudson, beyond which
they lose their distinctive character. ' D

The Piedmont Plateau.——The easternmost division of the Ap-
palachian ‘province, lying east and southeast of the mountain

S—
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belt, is the Picdmont Plateau. In New Jersey. and southward it is
bounded on the east by the Coastal Plain. Iis surface isthat of a
dissected plateau or plain which slopes gently eastward or south-
eastward from the base of the Appalachian Mountains and is
broken here and there by knobs or ridges that rise several hun-
dred feet above its surface. In the southern Appalachian region,
where it lies well inland, the Piedmont Platean stands at a con-
siderable altitude and constitutes a true plateau, but toward the
northeast it becomes a low plain, mare or less hilly, and in the
vieinity of Newark Bay it falls to sea level,

In New Jersey (Pl II) this Piedmont Plain, as it may be more
appropriately called, occupies the southeastern portions of Iunt-
erdon, Morris and Passaic counties, targe areas of Mercer, Somer-
set, and Middlesex, and the whole of Union, Essex, Hudson, and
Bergen counties. It is chiefly a lowland of gently tounded hills

" separated by wide valleys, with some ridges and isolated hills

rising conspicuously abhove the general surfg‘ce, which stopes gently
from about 400 feet above sea level at its northwestern margin to
about 100 feet along its southeastern border near the Delaware
and’'to sea level abont Newark Bay.

) The Piedmont Plain constitutes about one-fifth of the State, an
area equal to both the other divisions of the Appalnchian provinee.
The low hilly or, rolling plain: that constitntes the greater part
of its surface is divided into several somewhat distinet portions
by higher ridges, several of which are locally called mountains,
The general level of both the ridges and the plain declines toward
{he southeast. North of Paterson and Hackensack much of “the
country is about 300 feet above sca level, while the flats of the
upper Passaic Valley and the broad roiling plains of the Raritan
Valley are mostly below 200 feet. Along the lower course of
the Hackensack the plain dips below sea level and south of Engle-
waod large areas are eovered by tidal marsh.

The Watc]\nmg Mountains attain their maximum elevation in
High Mountain, a peak north of Paterson, which is 879 feet above
sea level. Camp Gaw Hill is 752 feet. Between Paterson and
Summit, First Mountain ranges from 550 to 691 feet; further
soirth its crest is between 450 and 539 feet. The corresponding
portions of Second Mountain have elevations of 500 to 665 feet
and 530 to 635 feet, respectively, The Palisades decline from 547
feet near Closter to 40 feet above tide at Dayonne. The crest of
Cushetunk Mountain is mostly above 600 feet and rises to 2

maximum of 839 feet. Sourland Meuntain has .a maximum

N
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elevation of 563 feet near its northeast end and most of its erest
is above 450 feet. The Hunterdon Plateau, which occupies the
west side of Munterdon County, has a maximum elevation of 913
feet; at Cherryville it is 706 feet and it declines southwestward
to about 500 feet near the Delaware.

THE COASTAL PLAIN PROVINCE.

General statement.—The Piedmont is the most easterly division
of the Appalachian provinee, Ietween it and the coast, from
New York Bay southward, lies the Coastal Plain, which forma the
esstern margin of the continent and in both geologic and geo-
graphic features is essentially unlike the Piedmont. Its surface
has a gentle slope to the southeast, along some parts of its inland
border as much as 10 to 15 feet to the mile, but generally over

the greater part of its surface the slope does not exceed § or 6

feet to the mile,

The surface of the Coastal Plain evctends castward with the
same gentle slope bencath the water of the Atlantic for about
100 miles, where at a depth of approximately 100 fathoms, it is
bounded by a steep escarpment, along which the ocean bottom
descends abruptly to abysmal depths. This submerged part of the
Coastal Plain is known=as the continenial shelf, and the stecp
esearpment which bounds it on the east is the continental slope.
Tn the South the subaerial portion expands to 150 miles, while
the submarine portion dwindles in width and along the eastern
shore of Florida almost disappears. Northward the submarine
portion increases in width, while the part above sea diminishes

and beyond New Jersey becomes a fringe of islands and the -

peninsula of Cape Cod. FurtheF northward the subaerial portion
disappears altogether through thc submergence of the entire
Coastal Plain.

The maderate elevation of the Coastal Plain, which in a few
places reaches 400 feet and is for the most part less than h half that
amount, has pre\cntod the streams from _cutting valleys of  any
consnderable » depth. ’I‘hroughout the "reatcr portion of the plam,
therefore the relief i inconsiderable, the streams flowing in open
valleys that lie at only slightly lower levels than the broad, flat
divides.

The subaerial portion.—All of New Jersey (Pl 1I) southemt
of a line through Trenton and New Brunswick, about three-fifths
of the 6&& ares, belongs to the subaerial Coastal Plain. It in-
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cludes the southern portions of Mercer and Middlesex and the
whole of the counties further south. Its surface is in general &
dissected plain that rises gradually from sca level at the coast to -
nearly 400 feet in central New Jersey. At its inner margin, where
it borders on the Piedmont Plain to the northwest, it includes a
broad shallow depression lying less than 100 feet above sea level -
and extending from Raritan Bay to the Delaware at Trenton. The

. southwestward continuation of this low belt forms the lower Dela-

ware Valley, the axis of which lies below tide level. Hence, the
Coastal Plain of New Jersey falls to sea level on the east, west, and’
south and rises barely to 80 feet along the axis of the depression at
Its northern horder,

Over half of the Coastal Plain within tlie State lles below 100

feet and the main divide between the east and west slopes is less
than 100 feet above sea level between the headwaters of Rancocas
Creek and the Mullica River. Northward the divide rises in Mon-
mouth County to a maximam at Crawfords I1ill, one of the Mount
Pieasant hills, which has an elevation of 391 feet. Hills between
Clarksburg and Perrinesville reach an elevation of 354 feet and.
the Navesink Highlands 276 feet. In these three localities there
is considerable ground above 200 feet.
- Conspicuous features of the Coastal Plain are the marshes bor-
dering the stream courses and the numerous estuaries due to the
submergence of valleys carved at a time when the plain stood at.
a higher level than the present. Delaware Bay, the old lower
course of the Delaware, and Raritan Bay, the drowned portion
of the Raritan Valley, are conspieuous examples and many smaller-
anes lie between.

The present width of the subaerial portion of the Coastal Plain
is due to the existing height of sea level in relation to the land
areas, This is a purely temporary condition which has varied
greatly in geologic time and doubtless will continue to vary in the
future. As we shall see in later chapters, sea level even in recent
geologic time has stood much higher and also lewer than at pres-
ent. These changes of level have caused wide migraiion of the
shore line across the Coastal Plain.

The submerged plain or confinental shelf. -—-\\; tthin recent years
(1934-1939) wmuch detailed information has been gbtained regard-

_ ing the topography of the submerged part of the Coastal Plain

east of the 100 fathom line, and of the continental slope which
borders it. This has been due to the development of echo sound-
ing to determine depth, and radio—acoustic.rang" to determine
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horizontal loeations, These methods have not only greatly in-
creased the number of soundings possible in a given time, but have
given much more accurate control of ‘horizontal location.

The continental shelf off the New Jersey coast slopes seaward
for about 100 miles at an average gradient of 6 feet per mile to 2
depth of about 600 feet (100 fathoms). It bears the wave-built
sand bars that fringe -the cosst and the sand flata and marshes
that in places unite the bars to the Coastal Plain. The predomi-
nant topography of the shelf is a very gently incltined plain
marked in general by ‘‘northeast-southwest trending bars and
lagoons with oceasional prominent terraccs, steep on the seaward
sides; in short, the forms are easily recognizable as marine made
or heavily modified by marine erosion.,’”

" "he continenial slope. The topography of the continental slope
below 600 feet stands in marked contrast to that of the continental
shelf. It drops from 600 feet to 8,000 feet below sea level in about
50 miles—an average gradient of 150 feet per mile=and in & few
sections the, descent is as steep as 700 feet per statute mile.r Deep
canyons cross the eontinental slope and in some - cases their heads

deeply indent the shelf and lie northwest of the 100-fathom line.

The submerged valley across the continental shelf oppoesite the
mouth of the present Hudson River has long been known, but only
recently have soundings been sufficient to outline accurately its
dimensions and gradients. ‘

These have disclosed a channel 2 to 6 miles in width, 60 to 120
feet in depth below the adjacent ocean floor, with a maximum
depth below sea level of 290 feet. This submerged valley extends
for about 100 miles in a sountheasterly direction from near Sandy
Hook to within about 20 miles of the outer edge of the continental
ghelf. Here it drops abruptly into the head of a great canyoa
‘which is cut in the continental slope and the seaward margin of
the shelf. ' ‘

fThis submerged canyon bas a maximum depth below its rim of
4,720 feet, & width from rim to rim of 6 miles at its deepest point
and a gradient from 130 feet (average) to 272 feet per mile

. (;_naximum) . . . ‘
ally_agreed by_geologists that:the 100-mile channel

.1t is genera .
aeross_the shelf is a former course of the Hudson River cut in

. Amer. P

; : )
1A. C. Veach and P. S. Smith -— Special Paper No. 7, Geol. Sec. of
13, ‘ o ‘ -
. 2 Veach and Smith -~loc. cit.
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relatively recent geologic time (late glacial) when the sea level

stoad 250 to 305 feet lower than at present (pp. 145 and 170).

"The fact that this channel leads into the head of the Hudson
canyon suggests at once that the canyon &lso marks a former ex-
tension of the Hudson River. Supporting this view also is the
fact that the canyon possesses in & marked degree many cbaracter-
istics of valleys cut by subaerial erosion, 5o that not a few geolo-
gists have adopted the view that mot only the channel across the

shelf, but also the canyon across the slope are due to subaerial -

erosion. The adoption of this view, however, scems to involve an
insuperable obstacle. It is one thing to explain a lowering of sea
lavel 250 or 300 feet in comparatively recent peologic time due to
accumulation on the land of glacier ice over thousands of square
miles, and it is another thing to explain a ginking of sea level of
7,200 or 7,500 feet; and after a long enough time to erode the
canyon to its present width and depth, to restore the ocean to its
present level, Where did the water go fo and what brought it
back again? St

But the Hudson Canyon is not the only puzzle of this kind. Sim-
ilar canyons, but smaller in size oceur at 25 pther pointst along
the continental slope from the Georges Banks 130 miles southeast
of Nantucket Istand near Cape Cod to a point east of the mouth
of Chesapeake Bay, south of which detniled soundings bave not
been published. In no other cases than the Judson can the
canyons be traced headward entirely across the shelf into direct
connection with existing rivers on the mainland. In many cases
they are limited entirely to the continental slope east of the 100
fathom line, but others have worked headward and nicked the
wargin of the shelf for variable distances up to 20 miles. While
explanations have been offered to account for these canyons there
ie a8 yet no unanimity of opinion regarding their origin. e

ReLATION oF TOPOGRAPRY TO (FEOLOGY.

General statement.—The striking differences in the surface fea-
tures—hills, plains, mountains--that characterize the different
portions of the State as described in the preceding pages are the
result of long continued exposure to weathering and erosion of
rocks that vary greatly in resistence in the different regions and
that also have very different structures or modes of arrangement.

1A, C. Veach and P. S. Smith, Joc. cit. Plate 2,
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The conditions under which they were formed and the suceessive
steps in the development of these surface features will be con-
sidered at length. It is sufficient here to emphasize the fact that
with the exeeption of a few relatively minor details, the present
surface features are due almost entirely to erosion of older and
higher land masses. The greater hills and the mountains of the
Qiate have their present elevation not because they have been up-
lifted relative to the adjoining lower aress, but because generally
speaking they are of harder rock gnd have been eroded less rapid-
ly. Whatever movements of elevation or subsidence have taken
place at different geologic periods {and they have been many and
profound), have affected wide areas and the State as a whole has
been uplifted, depressed, or tilted.

This is a conception which the non-technical reader may find
diffieult to comprehend.  The mind naturally assumes that the
prominent hills and mountains rise above the lowlands at their
base, because they have been ‘‘pushed up’’ by some internal
forees, which were not effective in the lowland region. It is true
that volcanoes are buili up above their surroundings by the ac-
cumulation of material ejected from their eraters and that in

young and growing mountain regions, belts in which the strata are

being compressed into folds may rise above the adjoining areas
-where the rock layers remain undisturbed, But these exceptions
do not apply to New Jersey. There are no voleanic cones in this
State, and the folds and faults which characterize the roek of

three of the geographic divisions were formed so long ago, that .

whatever elevations resulted from those movements, have long since
bheen worn away. .

The present surface features, are, therefore, with very minor ex-
ceptions the result of long-continued weathering and erosion over
tens and even hundreds of millions of years, on rocks of different
"degrees of resistence and of different modes of arrangement. The
minor exceptions are chiefly due to the irregular accumulation
and deposition of glacial drift and wind-blown sand.

DRAINAGE.

The present streams.~—The Hudson and Delaware rivers flow
in a general southerly direction obliquely across the eastern part
of the Appalachian province, and the part of the province in New
Jersey is drained by tributaries of these rivers or of Newark and
I{arita.lys. Kittatinny Valley is drained in part northeast-
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ward into the Hudson, in part southwéstward into the Delaware.
The western part of the Highlands is drained by tribntaries of
the Delaware, the southern and sontheastern Highlands by tribu- -
taries of the Raritan, and the northern and northeastern High-
lands chiefly by tributaries of the Passaic. The Raritan and Pas-
saic flow into the Raritan and Newark bays, respectively. ’
Three-fourths of the broad low belt that stretches across the
State from Trenton to Raritan Bay, along the northern border of .
the Coastal Plain, is drained by tributaries of the Raritan, while

short tributaries of the Delaware drain a small area about Trenton. .

This divide is continued southward approximately parallel to the
Delaware and to the coast and separates the plain into two un-
equal slopes, the shorter and steeper one forming the eas{ side of -
the Delaware Valley and draining by numerous short tributaries
into that river, and the longer and gentler slope draining directly
into the Atlantie, except the tributaries of the Raritan at the north
and the Maurice River at the south, the latter flowing into the .-
lower Delaware Bay.

Throughout most of its length the divide between the two slopes
of the Coastal Plain lies within 15 miles of Delaware River, but
the Rancocas has pushed its headwaters back té double this dis-
tance 8o that the divide south of Whitings lies within 15 miles of
Barnegat Bay. The principal rivers draining the long south-
castern slope are the Maurice, the Great Egg Harbor, and the Mul-
lica, while the smaller Toms, Manasquan, and Navesink lie further
north where the Coastal Plain is narrower and the eastern slope
shorter.

Earlier drainage~—The above paragraphs relate to the drainage
as it exists at present, but as will appear in the following pages,
not only have there been great changes throughout geologic time
in the general relation of sea and land, but also of mountains and
valleys. Large parts have been repeatedly and on occasion the
entire State has probably been submerged beneath the sea. Upon
re-emergence of the ocean floor a new system of drainage was es-
tablished which was adjusted to the slope of that surface, but
which may have had mo relation to the older drainage of the
region before subsidence. Some of these ancient changes will be
discussed in later pages.

With the erosion of the later sediment the rivers were super-
jmposed upon the underlying older topography, often in positions
which they eould not have attained had their courses been di-
rected by these older hills and valleys. The course of the Dela-
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ware River or its ancestor through Kittatinny Mountain at the
Delaware Water Gap may be a case in pointr .~ - o
" References.—Descriptions of the geographic features of the
State and their relations to the geology may be found in the fol-
lowing pubhcatmns of the State Geological Survey: .
The series of Geologic Folios, begun in 1908,
‘Physical Geography of New Jersey,”” by Rollin D. Salisbury.
Final Report of the State Geologist, vol. iv, 1898, 170 pp.
““Topography, Magnetism, Climate’’ and ‘“‘Physical Descrip-

tion,’’ by C. Clarkson Vermeule., Final Report of the State Geolo-
gist, vol. i, 1888, pp. 89-189,

"1 Sce page 141,

i
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CHAPTER IL _ |
ROCKS AND ROCK STRUCTURES o

" For the benefit of the non-technical reader brief explangtory
statements are here inserted concerning the more common types
of rocks and their structures. For a fuller consideration of these
tapies, as well as those of the geologic forces and proeesses and the
great field of historical geology, reference must be made to text
books and the larger manuals.

- SEDPIMENTARY ROCKS,
" ORIGIN,

Definitions.—~—The sedimentary rocks include all those varieties
that have been formed in layers, beds or strata, by the accumula-
tion of mud, sand and gravel—chiefly washed down from the land
by rivers—and the limy oozes of the sea. Such an arrangement in
beds or strata is called bedding or st;g_tiﬁcation, and rocks possess-
ing this structure are said to be stratified. Similar sediments are
now being deposited in seas and lakes and on low lands in many
parts of the world:

Accumulations of soft mud or elay or of loose sand and gravel
are classed as rocks, because they are eomposed of rock materials,
but they are not included in the ordinary meaning of that word.
"he greater part of such materials, however, particularly the bulk
of those that were formed in the earlier periods of geologie history,
have become solidified into stone. This is due in part to pressure
to which they have been subjected, but in greater part to the de-
position between the particles of 2 small amount of mineral matter
from solutions that have penetrated info the porous mass, cement-
ing them more or less firmly together,

Marine sediments.~-Most of the sedimentary formations of New
Jersey contain sea shells or fragments of other marine animals,

* showing that they were formed in the sea, which at various times

in the past has covered all parts of the State, although perbaps,
not all at any one time. Thus the sedimentary rocks (shale, lime-
stone, sandstone, and conglomerate) that are so abundant in the
northwestern counties _particularly in Susset and Warren, and jn
parts of Hunterdoy, Morris and Passaie, were deposnted chiefly

in a northward _extension of the Gulf of \Iemco, which in several

penods of the Paleozoic era expanded into a great sea that cov-

T
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" ered much of the interior of the continent. On the other hand, the

extensive deposits of sand, ,_gravel, elay and marl that constitute

the whole of the State qout_h of a line through Trenton and New
Brunswick (PL II)ﬁabcut three- fifths of its entire area—were

accumulated at a much 1ater {ime ahd with the exception of the
Raritan clays and_sands, chiefly in the borders of the Atlantic
Qcean, which covered ali of _this Coastal Plain region and its south-
ward continuation to the Gulf of Mexico,

Continental deposits—TIn contrast with these areas of sedimen-
- tary rocks in the northwest and in the south, there is a middie belt

of country extending daecross the State from the Delaware to the:

Hudson in which red shale and sandstone of Triassic age are
prominent (I’ls. I, II). These are older than the Coastal Plain
formations, which overlap them on the south, but much more re-
cent than the rocks of Sussex and Warren Counties. They con-
- tain scattered remnants of land plants in places, and many foot-

prints of land animals. The mud of which they are in part com-

posed was often dried and eracked by the sun as it accumulated,
and these eracks were later filled with material of a different eolor
or texture so that they are now recognizable. There are other

characters also that show that the beds in this region were depos-
ited_on low lands by streams that washed down the mud and sand

~from higher grounds and spread them over wide areas at times of

high water, Fossil fishes that are found here and there lived in
the streams and small ponds or lakes!

Glacial deposits—Still another type of sedimentary deposit is
represented in the surface materials that cover much of the coun-
try north of a curved line through Perth Amboy, Plainfieid, Sum-
mit, Morristown, Dover, Hackettstd®wn, and DBelvidere (Fig, 5),
These are the aceumulations of sand, gravel, clay, and bowlders,
mingled together in all proportions in the glacial £ill that forms a
sheet over much of the surface, and in the hummocky hills and
ridges of the terminal moraine (p. 161), All of this material was
sconred from the soil and broken from the underlying bedroeks of
this region and of the country north of it in very recent geologic
time by the slow movement of a great continental glacier or ice
sheet, thousands of feet thick, similar to the ice caps that now
cover CGreenland and the Antarctic continent. The waters that

1Geologists formerly supposed that locat bays extended into thls region
from the Atlantic coast of that time: but smce no distinctly marine fossil

has bheen fou there is no evidence in support of this hypothesis, ;
NEW JERSEYG.O
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flowed constantly from the melting borders‘ of the ice sheet and
those produced by its final melting and disappearance carried with
them more or less of the material transported by the glacier. The
finest material was carried in suspension and was ultimately de-
posited as beds of clay and silt in areas of still water, as lakes,
ponds, and the sca. Coarser materials were laid down, chiefly
along the conrses of the glacial streams, as beds of sand and gravel,
T'he water-laid deposits form the stratifie@ drift so commonly as-
sociated with the glaeial tiil.

All of these glacial deposits are unconsolidated, although loeally
the till has been so compaeted by pressure that it can be excavated
only by blasting and in places the gravel has been cemented by
carbonate of lime to a loose conglomerate. In New Jersey they
range in_thickness from_a few inches to_an extreme known depth
of 460 feet, but the average thickness is probably not more ﬂih_a_g
15 or 20 feet. In general the drift is somewhat deeper in the
1alleys than on the adjacent slopes and uplands,

Unconsolidated deposits of the Coastal Plain—Deep wells in the
sonthern part of the State penetirate sucecessive layers of sand,
gravel, clay and greensand (glauconite) marl to depths in excess
of 2,300 feet. In some localities a little of the sand and gravel
near the surface has been consolidated by iron oxide into stone, but
the total quantity of solid rock in this region is insignificant, and
in the main the formations represented on the map of the Coastal
Plain (south of the line through Trenton and New Brunswick)
are unconsolidated beds,

THE S0LID ROCKS,

General statement.—North of the line through Trenton and New
Brunswick the bed rock is everywhere solid. In most places it is
covered with a mantle of unconsolidated material, which may be
{a) the result of the decay of the underlying rock, or (b) drift
deposited on the hard rock by wind, streams or glaciers., This
mantle rock may vary in thickness from a few inches to many
feet, but in the more hilly aud mountainous regions the bare
rock appears at the surface in numerous places.

As indicated by the colors and symbols on the map, many divi-
sions or formations have been distinguished in this region. There
are not so many different kinds of rock, however, as there are divi-
sions; for in nearly all the formations various beds occar that are
tomposed of the same kinds of rock s similar beds in other forma.
tions. Beds of sandstore or limestone, for exampte, are‘nstitu-
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ents of many of the divisions that' are”shown on the map. 'The
variety of rocks is far greater in the northern part of the State,
however, than in the unconsolidated ‘materials of the Coastal Plain.
The prineipal kinds' of the solid sedimentary rocks are briefly
deseribed in the following paragraphs. '

* v Sandstone.—As.the name suggests, this rock is a more or less
consolidated sand. It is formed by the natural eementing together
of sand grains sufficiently to make them adhere in a solid mass.
For example, a bed of sand with only a small amount of élay
mingled with it, when subjected to a great weight of later deposits
or other pressure, will form a fairly firm, compact rock; but the
clay softens so easily that the rock soon ernmbles on exposure to
the weather. A common eementing material in sandstone is cal-
cium carbonate, or carbonate of lime, which ig slightly soluble in
water and may be deposited between the grains where such a solu-
tion seeps through a bed of loose sand. In some sandstones the
cement is silica, Most sand grains are particles of the mineral
quartz, which is alsé silica. When the silica cement is so abundant
as to fill all the spaces between the grains the stone is practically
‘solid guartz and is called quartzite.! Trom oxide or hydroxide is
the cement in some sandstones; these are strongly colored red or
brown and are often ecalled brownstone. A sandstone in which
numerous grains of feldspar are mingled with the gunartz is called
{eldspathic sandstone or arkese, and where pebbles are mingled

with the sand the rock is called pebbly sandstone or pebbly
quartzite, :

Conglomerate.—A toek composed chiefly of pebbles, with more
or less sand filling the spaces between, when cemented into a solid

©'GEOLOGY OF NEW JERSEY

mass, is called conglomerate. Thus it is like a pebbly sandstone’

but eontains a larger proportion of pchbles. - There are all inter-
mediate gradations from the finest sandstones to eonglomerates
containing large pebbles and, moré rarély, even bowlders up to
several feet in diameter, ’ : .

\/Shale.——Ordinary clay or mud, when consolidated, becones shale.
Tt is generally in very thin layers and scales off badly on exposure
to the weather. It may be grayish, black or'red in eolor, according
to whether the original mud was ordinary elay, or more or less
blackened by decomposing organic matter, or stained red with iron
oxide. Sandy or arenaceous shale eontains a considerable amount
of fine sand mingled with the clay, and all gradations are found

1Quartzite frequently contains a small percentage of other minerals
than quartz.
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between this and true sandstone. Caleareous shale eontaing vary-
ing amounts of caleium earbonate (Jcm'bonate of lime), and witk
increasing proportions of this constituent it grades into limestone.
Argillite is a compacted mud roeck without thin lamination, N
weathers irregularly on exposure and breaks with a curved (con:
choidal) fracture when struck with a hammer, The argillite of
New Jersey, which is particularly abundant in the plateau region
of Hunterdon County, is far more durable than shale and its
greater resistence to weathering accounts for the high altitude of
the country west of Flemington. Argillite has been quarried ex-
tensively at Princeton for building purposes.

Slate.—Slate is shale that has been greatly changed (meta.
morphosed), so that it differs in two important respects from the
original rock: (1) it is much harder and does not readily erumble
and shell off when exposed to the weather; (2) it has acquired a
structure known as slaty cleavage, whereby it splits readily intc
thin sheets. This is a secondgry character and has po relation
whatever to the lamination or bedding of the original shale. It is
caused by the compression to which the rock has been subjected, so

- that the slatz in different localities, or even in different parts of

the same quarry where the strata have been folded, may have a
cleavage which makes any angle whatever with the original bed-
ding and lamination, The usual colors of slate are various shades
of gray, black, green or red, depending chiefly on the color of the
original shale from which it was formed. '

v Limestone.—This is commonly a compact rock composed of cal-
cinm carbonate or of the carbonates of caleinm and magnesium
combined in various proportions; in the latter case it is called mag-
nesian or dolomitic limestone. Limestone differs from the sedi-
mentary rocks deseribed in the preceding paragraphs in that it is
not formed from mud, sand, ete., washed from the land.! It forms
in the sea, ehiefly from the limy mud or ooze produced by the eon-
stant grinding in the surf of shells, corals and other limy parts of
both plants and animals. This action goes on with great vigor
on beaches and reefs during storms, and the fine powﬁ% produced
is drifted out by the undertow into deeper water, where it settles
and afterwards consolidates into limestome. Coarser fragments
and even whole shells and other remains of organisms accumulate

1 Some very dense nonfossiliferous limestones have heen supposed to
have heen formed of fine Fimy mud eroded from pre-existing limestones on
land and depesited in an adjoining sea. Some other limestones probably
also represent chemical deposition from sea water. .
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in reefs and shell beds and in the shallow waters near them aud
become cemented into fragmental shell or coral limestone. Car-
bonate of lime is sometimes precipitated in the form of minute
spherules, called odlite from their resemblance to fish roe. Lime-
stone containing these spherules is said to be odlitic. Where clay
from the land becomes mingled with the limy ooze the rock be-
comes an argillaceous limestone, Siliceous limestone contains some
variety of silica, commonly either in the form of intermingled sand
grains (sandy or arenaceous limestone) or in particles from the
hard parts of siliccous sponges and other organisms that live in
the sea. In the latter case the silica may be dissolved and rede-
posited in such a way as to appear in the solid limestone in the
form of irregular lumps and streaks of chert, flint, or hornstone;
whence the name cherty limestone.

Marble* is a limestone in which the carbonate has been crystal-
lized into grains, which may be fine like the particles in lump
sugar or so coarse that individual grains measure an inch or more

_in diameter. It is generally lighter in color than the limestone

from which it is formed; thus a gray limestone may produce a
snow white marble. Many marbles, however, are streaked with
gray on account of a little of the dark carbonaceous matter of the
original limestone remaining either in the- amorphous form or
erystallizing into flakes of graphite; others are mottled or stained

a reddish or brownish color, due to the presence of iron oxide. The

term marble is often used in.a much broader and more indefinite
sense, particularly for any limestone that will take a polish and
produce pleasing effects in interior decorative work.

Ieneous Rocks.
ORIGMN,

Eztrusive and intrusive—Igneous rocks have been formed by
the solidification of intensely hot liquid rock material or magma.
They arc either exfrusive, formed by surface flows of lava from
fissures and volcanoes; or tntrusive, that is, similar material that
has spread through fissures between strata, or in irregular forms
among the rocks, and cooled there, often far below the surface. It
is only after long periods of erumbling and washing away of the
overlying rocks that intrusive masses become exposed at the sur-

-face. A surface flow may become deeply buried by the accumula-

tion of younger sediments on it, and at a much later date may be

1 Quartzite, slate and marble are frequently termed metamorphic rocks. |

(Sec p.35)
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partially exhumed by the erosion of the oterlying strata, Und.er ,
such eircumstances an extrusive sheet may be interbedded with
other rocks and present the structural features of some kinds of
intrusive sheets. Careful study of their relations usually serves
however to differentiate them. Thus, the Watchung Ridges in
Essex and Union Counties are formed by the outcropping edges
of extrusive lava flows, suceessively buried by sedimentary rocks
and exhumed in much later geologic time. On the other hand, the
Palisade trap ridge is an intrusive sheet which solidified far below
the surface and has been exposed by later erosion of the overlying
beds. (See p. 105). )
‘Where the intrusive rock occupics a fissure with approximately
paraliel walls it is called a dike; where it fills a large and irregu-
lar conduit the mass is termed a stock. Where molten magma
traverses stratified roeks it may be intruded along bedding planes;
such masses are called sills or sheets if of comparatively uniform
thickness, and laccoliths if they accupyplarge chambers produced
by the pressure of the magma, ‘
Extrusive igneons rocks cool so rapidly that they are very fine
grained and dense looking, and in places where they fail to erys-
' tallize at all they may be even glassy. The basalt flows of the \}Tat-
chung or Orange Mountains are good examples of dense extrusives.
Tntrusive rocks, on the other hand, having stopped decp below the
surface, cool slowly and hence generally have a distinctly gfained
texture. Well known examples are the diabase of the Palisades,
Rocky Hill, and Sourland Mountain and the granites that occur in
many places in the Highlands of Morris, Passaie, and Huuterdon
coutttics. : :
Volcanic.—Volcanie eruptions of the explosive type also produce
fragmental igneous rocks by viclent ejection of lava high into the
air in the form of minute particles and spray and larger masses.
These fall upon the surrounding country, often covering it fot_' a
distance of many miles with a bed of so-called voleanic ash which
may attain a thickness of many feet. The larger fragments,
known as bombs, fall nearcr the source and mingle with the ash.
Somewhat similar fragmental rocks may be formed where lava
flows enter shallow bodies of water. Large amounts of steam are
generated and the lava is broken into fragments of all sizes an'd
;lmpes. This was probably the origin of some of the vo!cm-uc
hreccie and fuff locally found in connection with the extrusive
fiows of the Watchung Mountains, notably in old quarries along

the Passaie River below Little Ifalls. .
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" CLASSES.

Acid igneous rocks are chiefly light colored and the minerals
that compose them contain much silica in their composition. In
many of them there is free silica in the form of the mineral
quartz. Granite is a common example of an acid igneous rock
which cooled slowly and at considerable depths below the surface,
80 that it is relatively coarse grained. It occurs abundantly in
some parts of New Jersey. It is normally a massive rock without
foliation (banding). If it takes on this character it becomes.a
granite gneiss or simply a gneiss—a rock which is extremely
abundant in the Highlands of New Jersey. There are many other
classes of acid igneous rocks but as they are of little imporiance
in this State they will not be deseribed here.

Basic igneous rocks are heavier than the aeid ones and much.

darker in color than most of them. They consist of minerals with

. & low percentage of silica and much lime, magnesia, and iron, and
they are often called colleetively ‘“trap’’ rock. Diabase is a good
example of basic intrnsive rock occurring abundantly in the Tri-
- assie formatipns of New Jersey; gabbro and diorite are found less
frequently in the State. The extrusive or voleanie basie rock of
the Triassic formations is basalt. The diabase and basalt of New
Jersey have essentially the same chemical composition and were
formed from closely similar magmas, but owing to the different
conditions under which they solidified they present significant
differences of texture and crystallization. Some gneiss has the
approximate chemical composition of these basic rocks but differs
from them in being banded.

RELATIONS TO OTTIER ROCKS.

1t is obvious that extrusive voleanic rocks will cover the surface
of older rocks and that they in turn may beeome covered by later
accumulations, either of sedimentary beds or of other voleanies.
Intrusive rocks, however, since they do not reach the surface at
the time of their formation, may stop in the midst of rocks of any
preceding age whatsoever. Hence in contrast with sedimentary
and volcanic rocks, intrusive rocks do not follow the law of super-
position whereby the later (younger) formations overlie the earlier
(older) ones. All kinds of massive igneous rocks differ from sedi-
mentary rocks in the absence of regular layers or stratification.
However, successive flows of lava, one on top of another, such as
may be found in many voleanic regions, produce a rude resem-

o
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blance to bedding. On the other hand repeated eruptions of ash
and other fragmental voleanics give rise! to genuine stratification,
whether the materials fall upon the land or into the water. The
foliation or banding of some varieties of gneiss is so distinct as to
resemble bedding somewhat closely.

MeTaMorPHIC ROCKS.

Immediately upon formation all rocks both sedimentary and.
igneous begin to undergo changes. Cementation of loose materials
into coherent masses is the, most common form of change in sedi-
mentary rocks. The minerals of igneous rocks begin to alter
through chemical change, due to the addition or subtraction of
water (hydration or dehydration), addition or subtraction of oxy-
gen (oxidation or reduction}, molecular rearrangement, changes in
temperature, or pressure, etc. 1f these changes proceed far
enough, the transformation from the original form may be nearly
complete, This change is termed juetamorphism and rocks 8o al-
tered are called metamorphie. Slight changes are not cominonly
so termed, nor are the processes of rock decomposition, called
metamorphism, * Quartzite, slate, marble, the gneisses, schists end
serpentine (see above) are the most familiar examples of meta-
morphie rocks. In each case the rock was originally sedimentary
or igneons but it has been changed into a different rock by one or
several of the processes mentioned above.

" RoCE STRUCTURES.

Sedimentary rocks—As a result of their method of formatio_n
sedimentary rocks are arranged in layers and beds. They are said
to be stratified. The stratification consists essentially in the super-
position of layers of unlike constitution, size of material, color, or
compactness on one another. The thinnest divisions are called
laminac; the thicker ones layers or beds, All the consecutive lay-
ors of the same sort are called a formation and are usually given
a specific name, as the Kittatinny formation, When deposit§ are
made in shallow water subjeet to shifting currents, the material is
frequently laid down in inclined laminae, sometimes at & steep
angle. But since these inclined jaminae do not conform to'the gen-
eral horizontal position of the layer of which they are a part, this
structure is called eross bedding. The occurrence of eross bedding
in a rock formation is taken to indicate that it was deposited by
shifting currents and probably in shallow water. The saudy bot-

NEW JERSEY GEWLOGICAL SURVEY
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toms of rivers are in many places characterized by wave-like un-
dulations, produced by minute eddies in the water currents, which
heap the sand in small ridges separated by shallow hollows. Simi-
lar undulations are frequently found on the surface of sand dunes
and are due to eddies in the air currents. The to-and-fro move-
ment of the water on the ocean bottom caused by the passage of
wind waves produces very similar ripples in the sand there. Many
sandstone beds and some limestone layers are characterized by un-
dulatory markings exactly like those found on sandy deposits to-
dey. These are known as ripple marks and their presence in the
hard rocks gives a elue to the conditions under which the rocks
were formed. Mud sediments are sometimes exposed between tides
or floods for periods long enough to permit drying and cracking
. at the surface, With the return of the waters the cracks may he
filled with material of a different eolor, size or kind, and be perma-
nently preserved. These are known as sun-cracks or mud-cracks.
" They are particularly common in deposits formed in temporary
lakes (playas), which dry up periodically, Partly dried clay sur-
faces, when exposed to a short, sharp rain will receive and retain
the impressions made by the falling rain drops. Under favorable
conditions they may be filled by subsequent fine sediment and pre-
-gerved. These markings are characteristic of continental mud de-
posits and where now found on the surface of shale layers gen-
erally indicate a continental origin, Various sedimentary forma-
tions contain nodules or irregularly shaped masses of mineral mat-
ter which is unlike the inelosing rock. When they consist of mat-
ter gathered about a center they are called concretions. The com-
mounest concretions in limestone are chert, a form of the mineral
silica. Concretions of iron oxide are very common in many beds
of sandstone or sand, Lime coneretions occur abundantly in some
elay beds. The odlitic structure of certain limestone beds has al-
ready been mentioned. (p.32). :
Igneous rocks—Certain structures that are of frequent oceur-
Tence in igneous rocks deserve brief definition, Reference has al-
ready been made to the foliation or banding of gneiss. Lava sheets
- often assume a colwmnar structure in cooling, the columns being
six-sided prisms which stand at right angles to the cooling sur-
faces, This strueture is probably due to the contraction of the
rock as it cooled. Many good examples may be seen in the trap-
rock quarries in Essex County. The -expansion of the various
gases, particularly steam, which are contained in lava, frequently

causes the upper part of a lava flow to be porous and vesicular.
~ !
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i
Subsequently the vesicles may be filled with mineral matter, The
fillings are called amygdules and a rock so filled is called amygda-
lotd.

Metamorphie rocks in the main possess the structures character-
istic of the original rocks from which they were derived. In some
instanges these are more or less obscured or even obliterated dur-
ing metamorphism. The cleavage in slate, a metamorphic rock, is
a direet result of metamorphism,

Due fo disturbances.—Sedimentary rocks are essentially hori-
zontal when first deposited, but, as the result of erustal movement
that has taken place subsequently, in many localities they are
variously tiited and folded. The direction and character of these
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Fig. 2. TFolded strata.

movements is often of great imporiance in ianterpreting the re-
lationship of various beds. The direction that a bed slants down-
ward beneath the surface is called the dip. The strike is the di-
rection of the horizontal edge of an inclined layer. It is always
at right angles to the dip. By observing and plotting on a map
the dip and strike of the strata over a wide area, it is often possi-
ble to predict with a high degree of aceuracy the underground
extent and structure of the geologic formations. Where over wide
areas the dips are all in one direction the beds form a monocline.
Where they have been bent in the form of an arch so that on op-
posite sides of an axial line they dip away from each other, they
form an anticling; where they dip toward the axial line like a
trongh, they form a syncline. The terms anticline and syncline

relate entirely to the position of the rock layers and have no con-

nection with the surface topography; that is, an anticline is not
neeessarily marked at the surface by an arch, nor does jt follow
that a syneline is characterized by a depression of the surface.
Subsequent erosion or deposition may have obliterated the original
surface expression of these structures. All rocks at or near the

. surface are almost universally traversed by deep gagcks called
GICAL SURVEY.
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joints. Geperally there are two or more systems which approach
verticality but in regions where the rocks have been greatly dis-
turbed, joints may have any angle. Not infrequently movement
has taken place along joint planes or other fractures so that the
heds on either side do not exactly correspond. A fracture in the
carth’s crust accompanied by such movement is called a fault. The
movement may be only a few inches or it may be thousands of
feet, Where the fault planes are inclined at a low angle the strata
on opposite sides have in some places been shoved past each other
for 15 miles or more. If the movement has been such as to cause

_.Flg. 3. A, Normal and B, thrust faulting.

the beds on the upper side of an inclined fault plane to override
the beds on the lower side, the fault is of the over-thrust or re-
verse type. If the movement has been in the opposite direction,
the fault is mormal. Reverse faults indicate compression of the
strata where they are formed, while normal faults show tension.
Faults of both types are common in New Jerscy and are shown on
the sections at the bottom of the large geological map of the State.

Unconformity_and disconformity —If the continuous deposition
of sediments is interrupted by earth movements that cause changes
in the position of the shore line and transform parts of the sea
bottom to land areas, the recently deposited material becomes sub-
ject to erosion and much of it may be removed from the uplifted
area. When at a later period the region is resubmerged, the new
deposits are laid down on the eroded and uneven surface of the
earlier beds. Such a relationship _i§_gal_legiﬁ_a,_@iusgq_?_tfgﬂnﬁ.‘_y_ if the
layers of the earlier and later formations are essentially paratlel,

£ during the period of uplift or subsidence the earlier beds are
;_il_t_g_q__q;:lf_plded_ and_then after erosion are submerged, the beds
of ' the later sediments will not be parallel to the earlier, but will

rest upon their bevelled edges. Such a relationship is called an
unconformity. Since the events of geologic history are read main-

ly from the sediments themselves and the fossils which they con-
tain, disconformities and unconformities both represent breaks in

;'F—h\
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the stratigraphie record and lost intervals, the history of which
is very obscure. In other words they have the same effcet as miss-
ing pages or chapters of a mutilated book. The line marking a
(disconformity between two formations may be very obscure and
Jdiffienlt to fix, and yet the time interval indicated by it may be
longer than that represented by the adjoining formations. These
relations are therefore, of great significance in interpreting the
geologic history, because they always prove two intervals of earth
{or ocean level) movement and one of erosion, and in the. case of
wnconformities, deformation, of the strata also,

Toe GEoLOGIC TIME SCALE,

The events of geologic time, as they have been deciphered by
geologists working in many countries, naturally group themselves
in five great eras. From the study of the stratified rocks and the
fossils which they contain, geologists have been able to construct a
chronological table of principal events in the last three eras of this

lgi_gng;y—tlmm_l?;t}ggzgig,_th_g_}_[esozoic and the Cenozoi¢. Less is
known of the two_earlier eras—the Proterozoic or Algonkian and

the Archacan although for some regions the outlines of this earlier
or pre-Paleozoie history have been deciphered for vast periods of
time. This is particularly true of the Lake Superior region and,
to a less extent, of several other regions of the United States and
Canada. Owing to the scarcity and imperfect preservation of the
fossils, however, or even their entire absence from these ancient
rocks in many regions, no classifieation is yet possible of the pre-
Paleozoie rocks and the vast eras of time which they represent that
is of general application. '

The three_later and better known eras have been divided into
periods and these, in_turn, into epochs and stages. Hence these
terms are used in referring to the divisions of time in geologic his-
tory and to express the age of the rocks formed in these times.
All the stratifid rocks belonging to any period are called 2 system,
EXEF?.[“EQWQiY_i.‘i?(.IﬂiFI_O...SFIT‘?§rﬁP.@lhE?P._QPE*UEERS_&TL@JOI"W’
1ioms. This is the present nsage of the United States Geological
Survey, but there is considerable diversity of opinion among
geologists as to the order in which some of these terms should be
arranged, both in the time scale and the rock scale.

The names of the eras and periods in general use in this coun-
try are given in the following table in the natural order of the

formations; that is those terms that refer to latest divisiona of - .

A .
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time and the youngest of the rock formations are placed at the
top and the earlier ones below, in the order of antecedence, to the
oldest at the bottom: '

ERAS AND PERIODS.

Quaternary
Cenozoic Era Tertiary

Upper Cretaceons Cretaceous
Lower Cretaceous Comanchean }
Jurassie
Triassic

Mesozoic Era -

Permian .
Pennsylvanian Upper Carboniferous
Mississippian } {Lower Carboniferous}
Paleozoic Era Devonian
Silurian
Ordoviciza
" Cambrian .

Proterozoie or
Algonkian Era

Archean Era

The length of geologic time, estimated in years, cannot be
stated with any high degree of accuracy. It: certainly is to
be measured in tens of millions of years, rather than in lesser
units, It is probably to be measured in hundreds of millions
rather than in tens. The entire trend of recent studies not only
‘in geology, but in physics, chemistry, and biology, emphasizes the
extreme length, rather than the brevity of geologic time.!

Y For a i\.’ discussion of this subject see p. 174,
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Tne (Jeorogic MarP oF NEW JERSEY.

1912, revised 1931

Scale; 1:250,000 or approximately 4 miles to 1 inch.

The geologic map of New Jersey is intended to show by means
of colors and symbols the kinds of rocks and the age of the various
formations that oceur in all parts of the State. The colors and
symbols are explained and the formations which they rep-
resent are named and briefly deseribed in the column headed
“LEGEND’’ at the left margin of the map. The relative age of
these formations is also shown by the order of arrangement in the
columns, the more recent being placed at the top and those of sue-
cessive earlier age being arranged in order toward the bottom, .
There are two exceptions to this general rule however: (1) The
most recent formations of all, including the glacial deposits in the
northern part of the State and the superficial sands and gravels
that cover large areas over the southern part, are shown in a
"double column under the name ‘‘Quaternary’’ in the lower left
hand corner of the map. ({2) Igneous rocks, that is, those that
have been formed by the ‘eooling and solidification of hot liquid

magma, are grouped by themselves below the column of sedimen-
tary or stratified rocks, the different members of the group being
arranged in the order of their relative age.




CHAPTER IIL.
GEOLOGIC SUMMARY OF NEW JERSEY.

APPALACHIAN PROVINCE.

General statement.—The several divisions of the Appalachian
provinee do not exhibit sharp geologie differences throughout the
province as a whole, For example, in the central and southern
Appalachians the Piedmont Plateau and the Appalachian Moun-
tain belt are not separated by a sharp geologic boundary and some
geologic formations are common to both. In many places, also,
geologic formations extend continuously from the mountain belt
into the Appalachian Valley. But in the general region including
northern New Jersey, southeastern New York, and eastern Penn-
sylvania, each of the physiographie subdivisions is strikingly dif-
ferent from the others in geologic character, although even here
~ absolute lines cannot be drawn, as some formations are common
in a small degree to all three. .

The Highlands.—The Highlands of southeastern New York,
porthern New _Jersey_and eastern Pennsylvania (Fig. 1, and Pl
11} are_formed chiefly of highly metamorphosed rocks of pre-
(ambrian _age, which occupy a roughly hook-shaped area extend-
ing northeastward from the Reading Iills in Pennsylvania to
southern Dutchess County in New York, thence recurving south-
ward to Manhattan Island. They lie between the slightly tilted
and faulted Triassic strata of the Piedmont and the folded and
taulted Paleozoic beds of the Appalachian Valley.

The rocks consist mainly of gneiss and schist, possibly in part
of sedimentary origin, with some marble or crystalline limestone,
and of intrusive igneous rocks, for the most part gneissoid. They
were greatly deformed in pre-Cambrian time probably more than
once and are now complexly folded and faulted, as a result not
only of pre-Cambrian but of post-Cambrian' disturbances. In-
folded with the pre-Cambrian erystailine rocks are strips of more
or less metamorphosed Paleozoie strata, (P1. I} which for the most
part occupy northeast-southwest trending valleys characteristie of
the Appalachian province. In the Qreenwond Tiake-Green Pond
region several of these infolded Paleozoic formations are thiek re-
sistant quartzites and conglomerates, which form ridges equaling
in height the adjacent gneissic ridges. They are remnants of beds

' (42)
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which in Paleozoic time were deposited on the pre-Cambrian
gneiss, and were later involved with the cr:'{stalline rocks in the
great folding which closed the Paleozoic Era. They are now pre-
served only in the bottoms of the great tronghs and down-faulted
belts. Much of the gneiss has the composition and appearance of
granite but differs from granite in having a parallel atrueture
known as foliation; that is, the constituent minerals are partly ar-
ranged in parallel sheets having a rough resemblance to bedding
or stratification in the sedimentary rocks. The planes of this folia-
tion are gencrally very steeply inclined and over most of the
region they dip steeply toward‘the southeast, as shown in the see-
tions on the geologic map. The structure is crumpled and folded
in places, and is further complicated by faults and by many in-
trusions of other igneous Tocks.
I_llg_ﬂz_lnpun_,l_t_:_c_hjqq_j__q{i_cﬁ.—Tllroughout its length -the Appa-
lachian_Valley is underlain by Paleozoic strata, chiefly of Cam-
brian, Ordovician, Silurian_and carly Devonian age. The minor
valleys within the great valley are floored with less resistant rocks,
such as soluble limestone and soft shale, and the ridges that rise

. between them are formed of sandstone, hard shale and less soluble

"limestone. .

In the northern New Jersey region, Kittatinny Valley, a part
of the Appalachian Valley, is underlain chiefly by limestone and
shale of Cambrian and Ordovician age. Kittatinny Mountain is
formed of resistant sandstone and conglomerate belonging to the
Silurian, and the adjacent portion of the Delaware Valley is cceu-
pied by late Silurian and early Devonian shale and limestone
(Pl. 1). All these strata, which are of the same age as those in-
folded with the pre-Cambrian rocks in the Highlands have been
considerably folded and faulted. The faults are both normal and
reverse or thrust (Fig. 3) and the strata have been bent under
great horizoptal pressure into a series of up and down wave-like
undulations with the folds or wrinkles elongated in a norfheast-

southwest direction. These folds and faults in New Jersey are

a part of the structure of the great Appalachian Mountain
System (Fig. 4) and the long-continued crumbling and wear-
ing down of the structures at the surface has caused the dif-
ferent formations to appear as elongated northeast-southwest
strips across the country., The hardest layers naturally have worn
least rapidly so that they are now the bighest ridges, while the
soft shales and somewhat soluble limestones have disintegrated
more rapidly and form the bed rock of the valleys and the lower

\_'
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(From U. 8. G. 8. Geol. Follo No, 170).

Appalachian Folds and Faults.

Fig. 4.
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lands generally. The oldest formation ig exposed along the eastern
side of the valley at the western base of the Highlands, and the
youngest formations outerop_along_the upper Delaware between
Wallpack_bend_and Tri-State Rock. Owing to the folding and
faulting, many beds intermediate in age are repeated in outerop
across the Valley. .
Ordinarily in_the Kittatinny_Valley, particulacly in the lime-
stone belts, the_folds_are of such great amplitude_that they are
not shown in individual exposures, and their existence can be de-
termined_only by _plotting the dip_and strike of many outcrops
over n wide area. However, a good example of an anticlinal fold
can be scen in the southwestern end of a limestone hill at John-
sonburg on the road to Quaker Church, In the slate belts small
close folds are by no mecans uncommon, although very frequently
close observation is necessary to determine their presence.
Piedmont Plain—The rocks of different parts of the Piedmont
differ widely in age. Southwest of the Delaware the region is
occupied largely by metamorphie, igneous and scdimentary rocks
similar in most respects to many of those of the Appalachian
Mountains (Highlands), but it incindes several large areas of
Triassic rocks, a few smaller ones of highly metamorphosed Paleo-
zoic strata, and a great abundance of intrusive granite. Similarly
east of the Hudson the region that corresponds geographically and
geologically to the Piedmont and that may be eonsidered its north-
castern extension is occupied chiefly by igneous and metamorphic
rocks of pre-Cambrian and Paleozoic age, with included areas of

. "Priassie rocks and others of highly metamorphosed sediments re-

rarded by some geologists as Paleozoic and by others as pre-
Cambrian.

In northern New Jersey, however, the Piedmont Plain is under-
Jnin almost whelly by Trinssic strate_and associated voleanic and .
intrusive jgneous rocks. Near Trenton a small "a_rgg,m_o_‘i_pgg-c_qgﬁ-
brian_schists_forms_the_northeastern extremity of the great pre-

sambrian_arvea of the Piedmont Plateau_of the southern Atlantic
States, and several small_areas of more or less metamorphosed

Paleozoic sediments lie along _the jnner margin of the Piedmont at
the southenstern base of the Highlands.

The Triassic_arca of New, Jersey_is_part of & belt_of rocks_of
this_ame extending from the IIndson across New dJersey, Penn-
sylvania_and_Maryland into Virginia. They consist of red shale
and_sandstone, black and brown_argillite, vari-colored conglomer-
ate, and interbedded voleanic flows and intrusive sills. In general
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they have been tilted 10 to 15 degrees northwestward, but_bere and
there they have been warped into gentle folds, and more or less

tilted strata_is_northeast and_southwest. Most of the faulting
is of the normal type shown at A, Fig. 3, and the total dispiace-
ment or movement along some of them is many thousand feet.
Along the Declaware River in the vicinity of Lambertviile, for
example, faulting and erosion lhave brought to the surface some
of the basal Triassic beds and the accompanying intrusive sheet
of diabase at four places within a distance of 12 miles. This is
shown on the State Geologic Map, Sheet 40 and on prefile C-C
of the sections shown on its margin.

Tue CoasTAL PLAIN

The Coastal Plain of the eastern United States is formed chiefly
of beds of clay, sand, gravel, and other lightly cohering rocks of
Cretaceous, Tertiary and Quaternary age, These strata oceupy a
belt beginning at Raritan Bay and extending southwestward along
the coast into Mexico. Northeast of Raritan Bay similar strata
underlie the southern parts of Staten Island, Long Island and
probably the other islands off the southern coast of New Englaund,
as well as the Cape Cod peninsuia.

‘In New Jersey all of the State southeast of a line from Wood-
bridge to Trenton lies-in the Coastal Plain. Wherever the forma-
tions can he seen in pits or other exeavations they appear to the
eye to be horizontal, aithough we know_from many borings that
they dip toward the eoast from 60 to 10 feet per mile, the lower:

most beds having the greatest dip.!
Several important results follow from this gentle dip to the
southeast.

v'{1) The beds which appear at the surface along the northwest
margin of the Coastal Plain rest upon a gently undulating founda-
tion of very old hard rocks, and pass beneath successively younger
sirata towards the southeast. Near f the northwest_margin borings
frequently penetrate the Coastal Plain formations and enter the

N,

underlying_hard_ strata, whereas further southeast the sediments
become thicker, 490-500 feet at Hightstown, 1,115 fect at Prosper-

1 Sections CD and "EE at the bottom of the large geologic map show
this relationship. For the sake of distinctness the sections on the geologic
map have been drawn with their vertical dimensions greatly exaggerated
and this makes the siope of the beds seem much greater than it really is.
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town, 1,336 feet at Jackson's Mills in_Ocean County and more
than 2,300 at Atlantic City. 7 (2) The present northwestward

_ margin of these beds does not represent their original limit in that

direction. They certainly extended many miles porthwest of their
present boundary, probably beyond the limits of the State, as is

suggested_by certain_peculiar features of the present drainage.
v(3) Owing to the southeast dip the outerops of the various forma-
Lions trend northeast-southwest in fairly regular parallel bands,
but since the slope of the strata is very slight compared to the
irregularities of the present topography, the outerop bands curve
with the topography and tend tosfollow contours on steep hillsides.
/(4) Owing_to the dip also, the different formations not only ap-
pear at the surface as indicated on the map, but extend southeast-
ward under cover of the later and overlapping formations, a fact

of great importance in the location and development of artesian

waler supplies. .

SurFiciaL DEPOSITS

PThroughout northern New Jersey the valleys of the larger
streams are floored with alluvium, and deposits of sand and gravel

Wty Wag of
NORTHERN NEW JERSEY
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Fig. 6. Map showing ice movement, terminal moraine, nnd the older
dritt sheets (Jerseyan and Iilinolan).
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form terraces aleng the slopes bordering some of the valleys. i ——— s pm f

Much of the surface, especiaily that north of an irregular belt of !
hilly glacial moraine extending from Perth Amboy through Mor-
" ristown, Dover, Hackettstown and Belvidere (Fig. 5) is mantled
by a deposit of glacial drift, in some places sufficiently thick to
obscure entirely the relief of the bed rock surface. Scattered
boulders of glacial origin are found in many places south of the

W
line of the moraine, ard rivers flowing from the glacier carried : _
glacial sand and gravel far beyond the area actually covered by ‘ :
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the glacier itself. ,
. On the Coastal Plain, also, during Quaternary time sireams o
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: alternntely made widespread deposits of sand and gravel on flood |
plaing along their courses, and later under changed conditions re-
moved them wholly or in part and redeposited the material at
lower levels, Remnanis of these fluviatile deposits are widespread l
in central and southern New Jersey and over considerable ' 1 ‘
I
i

Parmuan

areas effectually conceal the earlier marine deposits. The recent P l

beaches, dunes, swamps and marshes are also chicfly thin vencers . i
of sand, gravel and mud overlying the great thicknesses of Creta- 5
ceous and Tertiary strata which form the main body of the area ’ ' 2
The whole assemblage of these beds rests upon a deeply buried m

floor of hard rock, probably in large part of pre-Camhrian age, :
but possibly including some ageas of Paleozoic strata. .

mafjor oscillatlons of the land area of New Jersey
during geologic time.

I LEVEL

SuMMARY oF GEorosic ILisTORY.

In pre-Cambrian times the ancient sedimentary rocks of north- ‘ :
crn New Jersey, ineluding considerable masses of limestone and ]
some highly carbonaceous beds, were extensively intruded by mas- ; ‘
sive igneous vocks, which now make up the great bulk of the '
gneisses, and the whole complex was later subjected to great
deformation and accompanying metamorphism.

At the beginning of the Cambrian period the region, after
having been subjected to prolonged erosion, was invaded from the
sonthwestward by an interior sea and was submerged® for a long
time, during_which_a thick series of sediments was laid down. i
These qubsequently hecame consohdatcd inte the stratified rocks . l
of the Cambrian and ( Ordovician systems, Near the close of the
()rdouman 1 period_the land was uplifted a l1tt1e and the sea with-
drew for a time. Some of the mountain- makmg folds in the early
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1 The successive uplifts and subsidences to which New Je\-sey has been sub-
)cctcd in the c%'ﬂe of geologic time are graphically shown in Fig. 6, p. 49,
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Paleozoic strata of eastern New York and western New England
were formed at this time, but there seems to be no evidence that
such deformation occurred in New Jersey.

Late in the Silurian period, after a long interval of erosion
"during which some of the material of earlier strata was removed,
the interior sea again invaded northwestern New Jersey and an-
other considerable series of sediments was deposited, while grad-
ually the shore line of the encroaching sea was pushed eastward
beyond Greenwood Lake and Green Pond. Toward the close of
the Devonian period the sea again withdrew from the region, and
the absence of all strata of later age indicates that either no later
deposition took place or, if it did, the strata have been entirely
removed by subsequent erosion. During the closing periods of
the Paleozoic era extensive folding and faulting of the older strata
resulted in the formation of the Appalachian Mountains and the
uplift of a large part of eastern North America into permanent
dry land.

Late in the Triassic period sediment that was being washed
from the worn-down Appalachian Mountains was deposited on
low flat plains or basin-like depressions in the present Piedmont

GEOLOGIC SUMMARY OF NEW JERSEY o1

Jersey and extensive deposits of sand, gravel, and clay were again
spread over the submerged Coastal Plain. Minor oscillations of
land and sea, with alternations of erosion and deposition, con-
tinued throughout the Tertiary and into the Quaternary. These
movements are recorded not only in the deposits and unconformi-
ties of the Coastal Plain but in the physiographic features and
stream gravels that were formed at those times.

During the Pleistocene epoch a great sheet of land ice advanced
southward over the northern quarter of the State (F'ig. 5), slightly
modifying the topography and leaving extensive deposits of glacial
drift. At least two, probably three, such ice advances are
recorded in the drift deposits now existing in the State.

TABLE OF GEOLOGIC FORMATIONS.

The geologic formations of New Jersey have been classified as
shown in the following table, in which the most recent formations
are placed at the top and those of successively earlier periods ar-
ranged in the order of superposition, with the oldest at the bottom.
The figures show the thickness in feet. The group of letters in
parentheses are the symbols by which the corresponding forma-

region, together with much sand, gravel and mud from the old ‘i tions are designated on the large state geological map.

erystalline highlands that lay to the eastward, off the present \ In interpreting this record, it is important to remember that an

coast. During this deposition sheets of voleanic lava flowed ‘ “ynconformity’” between formations indicates a break in the

repeatedly over the surface of the low land and became inter- sedimentary record, the absence of beds which occur elsewhere,

bedded with the sediments, while other portions of the igneous and the lapse of time necessary for the formation of the missing

magma spread laterally between the sediments and formed thick strata. It usually involves (1) the elevation of the region above

intrusive sheets, or sills. The whole series of Triassic strata was sea level, sometimes with more or less folding of the strata, (2) the

somewhat tilted and extensively faulted by land movements that removal of some part of the beds previously laid down, and finally,

occurred at the close of the period. o (3) the re-submergence of the region and deposition of a new series
After another long interval of erosion beds of clay, sand, and ! on the older surface.

gravel were spread upon the low lands of central and southern

New Jersey in late Lower Cretaceous (Comanchean) time. This SEDIMENTARY ROCKS.

was followed in the Upper Cretaceous period by an encroachment 4 CENOZOIO

of the Atlantic from the southeast, and in the shallow borders of
the sea that overspread this region great thicknesses of sand, clay,
and greensand (glauconite) marl were deposited. With renewed
uplift the surface of the land was worn to a lower level and the
landward edge of the recently deposited strata was removed by
erosion.

Early in the Tertiary period, during another subsidence, the
borders of the Atlantic again covered the region of southern New

QUATERNARY (Q)

Recent: FExisting swamps and marshes and the recent portions
of beach sands (Qbs) are the only recent formations shown on
the map.

1In the table the term “unconformity” includes also disconformity. The

latter term is frequently used when the beds above and below the “break”
are parallel and there is no discordance of structure.

f
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Pleistocene
Glacial
Wisconsin Drift 0-460 ft.

Non-Glaecial
Beach Sand and Gravel (Qbs)

Till (not shown on map) (Unconformity)
Terminal Moraine (Qtm) Cape May Formation (Qem) 0—30 ft.
Recessional Moraine (Qrm) (Unconformity)
Stratified Drift (Qsd) . River Drift (Qrd)
(Unconformity) (Uneonformity)
Illimoian and Jerseyan (Early) Pensauken Formation (Qps) 0—60 ft. n
Drift (Qed) (Unconformity)
(Not separated on the map) Bridgeton Formation (@Qbt) 0—30 ft.
(Unconformity) (Unconformity)
TERTIARY (T)
Beacon Hill Gravel (Thh) 0— 20 ft.
(Unconformity) ?
Cohansey Sand (Tch) 100250 ft.
(Unconformity)
Kirkwood Sand (Tkw) 100 ft.
(Unconformity)
Shark River Marl (Tsr) 11 ft.
(Unconformaity) 2
Manasquan Marl (Tmq) 25 ft.
- Vancentown Sand (Tvt) 25—100 ft.
Hornerstown Marl (Tht) 30 ft.
(Unconformity)
- Mesozoic
CRETACEOQUS (K)
Tinton Loam 10— 20 ft
Red Bank Sand } (Krb) 0—130 ft.
Navesink Mar] (Kns) 25— 40 ft.
Mount Laurel Sand } (Kmw) 5— 60 ft.
Wenonah Sand’ 35— 20 ft.

Marshalliown Formation (Kmt) 30— 40 ft. ‘ P

Englishtown Sand (Ket)
Woodbury Clay (Kwb)
Merchantville Clay (Kmv

Magothy Formation
(Unconformity) (Kmr)

Raritan Formation
(Great Unconformity

20—140 ft.

50 ft.

) 30— 60 ft.
25—175 ft.

150—300 ft.
)

L,
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JURASSIC (2)
Possibly present in the uppermost beds of the Newark Group.
TRIASSIC (Newark Group) (Tr)

Brunswick Formation (Trb)

Lockatong Formation (Trl)

Stockton Formation (Trs)
(Great Unconformity)

6,000—8,000 f£t.
3,500 ft.
2,300—3,100 ft.

Parrozoic.

PERMIAN

Not represented in New Jersey.
CARBONIFEROUS

DEVONIAN (p)
Upper Delaware Valley Green Pond Mountain Region

Skunnemunk Conglomerate (Dsk)

(1,500 £t.)
Bellvale Sandstone
Marcellus Shale C’ornwél??g(;aoali t.) (Dpb)
(Traces) (Dmo) (1,000 ££.)
Onondaga Limestone Kanouse Sandstone (Dkn)
( £t.) (215 £t.)

Esopus Grit (Des)
(375 ft.)

Oriskany Formation "
(170 ft.)

Port Ewen Shale
(80 ft.)

Becraft Limestone
(20 ft.)

New Scotland Formation
(160 ft.)

Stormuville Sandstone
(0—10) £t.

Coeymans Limestone
(40 ft.)

(Dob)

(Dne)

(Unconformity) ? '
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BILURIAN (8)

Manlius Limesione . w
{35 ft.)
Rondout Limestone
(39 ft.)
Decker Lumesione
(52 ft.)
Bossarduville Limestone
(12—100 ft.)
Pozino Island Shale

(1 ft.) )
High Falls Formation (Shf)
(2,300 ft.)

Shawangunk Conglomerate (Ssg)

(1,500 £t.)

{Unconformity)

i
ORDOVICIAN {0)

Martinsburg Shale {(Omb)

(3,000 £t.)
(Unconfolrm.ity)

L(de)

A i

Decker lLimestone i

(1 ft.)
(Unconformity) ¥ (Sd)

Longwood Shale
(200 ft.)

Green Pond Conglomerate (Sgp)
(1,200—1,500 ft.)

Hudson Schist (Ohs)
(1 ft.)
“(In Hudson County)

Jacksonburg Limestone (Ojb)

(125—300 ft.) -
(Unconformity)

(AMBRO-ORDIVICIAN. (€0)

Kittatinny Limestone (Cok)

(Unconformity )

CAMBRIAN (C)

Hardyston Quartzite (Ch)
(Great Unconformity)

Ioneous RocKs.

—-—

qriassie (Tr)

Basalt Flows and Dikes (Trbs)
Diabase (Intrusive) (Trdb)

2,500—3,000 ft. : :

5—200 ft. .

o
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I'0ST-ORDOVICIAN
Serpentine (sp) (In Hudson ounty) -~ ! '
Nephelite Syenite (Ns}

Basic Volcanic Breccia (Bb)

PRE-CAMBRIAN

Granite (gr)

Gabbro (gb) (Im Mercer County)
Losee Gneiss (Lgn)

Byram Gneiss (Bgn)

MeTamorpEIC Rocks oF UNENOWN AgE.

|

PRE-CAMBRIAN : o
Wissahickon Mica Gneiss (Wgn) R 1

(In Mercer County)
Franklin Limestone (F1)* 1 £t

Pochuck Gneiss (Pgn)

-

(In Sussex County) o



CHAPTER 1IV.
ARCHAEAN AND PROTEROZOIC ERAS.

PRE-CAMBRIAN.

General statement. — The earliest event that is decipherable in
the geologic history of New Jersey was the deposition of a great
series of sedimentary rocks, doubtless thousands of feet in thick-
ness. These rocks are now part of the Highlands. Most of them
were formed in the sea, and since some of these strata are com-
posed of fragmental material it may be safely inferred that there
existed somewhere at this time a land surface, by the erosion of
which material was furnished for the making of some of the sedi-
ments; but neither the location of that land area nor the extent of
the seas in which the sediments were deposited can now be deter-
mined, so remote in geologic history is this event.

During a portion of this time at least the land area must have
been low-lying or remote from New Jersey, since there was an ab-
sence of land-derived material in the sea of this region, and in it
thick beds of lime mud accumulated which were afterwards consol-
idated into limestone. These sediments were later subjected to forces
that folded, compressed and metamorphosed them, and this was
followed, possibly after a long interval, by an invasion of their
deeply-buried portions by molten rock which slowly consolidated
and formed the several types of gneiss which now make so large
a part of the Highlands. It seems certain that the sediments had
suffered some alteration and were more or less metamorphosed
before this invasion by the gneissic magma, since the intrusion was
evidently directed by the pre-existing structure of the intruded
rocks. In most places the invasions were along lines running
northeast and southwest, resulting in the banding which is so con-
spicuous a feature of these rocks wherever now exposed. In some
places the first intrusions were along curved lines. Later omes
followed these, and thus resulted the curved belts as seen south of
Split Rock Pond. During the invasion which was, doubtless, slow
and long-continued, some of the sedimentary rocks were dissolved
in the intruding magma. Those that were not dissolved suffered
more intense alteration than they had previously nndergone and

thus attained their present highly crystalline, metamorphie

character.

(56)

[
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Both classes—metamorphosed sediments and intrusive gneisses—
now oceur at the surface mainly in the Highlands, with small areas
near Trenton and Hoboken. Their original extent was much
greater, since borings indicate that they underlie large areas of
the younger formations, and they probably constitute the founda-
tion on which all subsequent formations rest. Their texture,
where now exposed, is such as to prove that they assumed their
present form under enormous pressure and at great depths.
Hence many hundred, probably many thousand feet of overlying
strata have been worn away since their formation, more than 750
or 1,000 million years ago.

Certain remnants of the sedimentary series now form areas of
white erystalline limestone with some closely associated quartzites,
conglomerates, and beds of tremolite, serpentine and tale. These
are all included in the term Franklin Formation. The intruding
magmas formed several types of gneiss and pegmatite, with beds
of magnetic iron ore. Associated with them are other gneisses
which are probably completely metamorphosed portions of the
older sedimentary series. The gneisses, together with the included
sedimentary beds form a series of northeast-southwest trending
ridges which constitute the Highland province.

The Franklin formation (f1). The formation receives its name
from the preponderance in it of white or gray crystalline lime-
stone so well exposed at Franklin, Sussex County.

The limestone is usually a white crystalline marble, generally
coarsely granular, but in some places fine-grained and in a few
localities nearly amorphous. Locally it passes into pink, yellow or
grey varieties, and at one place near Danville, it is a mottled red
and white rock speckled with black flakes of biotite. It ranges in
chemical composition from a nearly pure ecalcium carbonate
(calcite) to the double carbonate of lime and magnesia (dolomite).
The bulk of the formation is apparently low in magnesia. At
many places the rock is free from intruded minerals, but usually
it contains varying amounts of one or more of the following:
diopside, tremolite, chondrodite, phlogopite, quartz and graphite.
Magnetite, sphalerite and garnet occur locally. Serpentine is
abundant in some localities as an alteration product of the diop-
side and chondrodite. Where the number of included minerals is
large, the rock loses its white color and becomes dark gray or
green. At Franklin and Ogdensburg (Sterling Hill) it contains
large beds of zinc ore (see p. 178) and in a few places beds of
iron ore occur (see p. 176) in it.

NEW JERSEY GEOLOGICAL SURVEY
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Bedding in these ancient sediments, particularly in the lime-
stone, is obscure and can rarely be observed, but so far as noted
the beds usually strike approximately northeast and dip steeply
southeast. In a few places the limestone is apparently folded. It
is cut by dikes of pegmatite or basie rocks, most of which are
identical in character with some of the black gneisses which form
an integral portion of the gneiss series. In a few places tongues
of the lighter gneisses also penetrate it. The smaller areas of lime-
stone scattered through the Highlands are small masses completely
embedded in the gneiss.

These relations point to the conclusion expressed above, that the
limestone, with the occasional masses of associated slates, quartz-
ites and conglomerates represents an older series of rock, into the
lower portion of which gneiss and pegmatite were intruded in a
molten condition at a very remote period in the earth’s history,
the whole being far beneath the surface at that time. Their occur-
rence at the surface today is of course due to subsequent erosion
through succeeding geologie eras,

The largest area of Franklin limestone is in Sussex County,
where it forms a narrow belt from Glenwood to Ogdensburg. West
and southwest of Sparta there are small masses included in the
gneisses and imperfectly exposed, which represents slivers of the
formation separated from the main mass and entirely engulfed
by the invading igneous magma, but not eompletely melted and
incorporated in it, There are other masses along the west margin
of Pequest meadows, and a few miles east of Belvidere, both in
Warren County. At Upper Harmony, Phillipsburg, Pottersville,
Montville, and west of Midvale small isolated areas of limestone
are found surrounded by the gneiss and more or less completely
altered to a mixture of tremolite, talc and serpentine.

The gmeisses—The gneisses appear in many varieties and are
so intricately mingled that detailed representation of their dis-
tribution on the geologic map is quite impracticable. The most
noteworthy variations are differences of color, and inasmuch as
color distinctions have been found to correspond broadly with
fairly definite lithologie differences, they have been used as a
guide in classifying the gneisses for the purposes of description
and mapping.

All the dark gneisses that owe their color to the hornblende,
pyroxene or biotite which they contain have been grouped together
under the name Pochuck gneiss (pgn). A second group, the

{
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members of which show brown-gray, bronzy, pink and ocherous
tones is called the Byram gneiss (bgn). Here is included a great
variety of granitoid or granite-like rocks related to one another
and distinguished from the other gneisses by the presence of
potash feldspar (orthoclase) as an essential ingredient. A third
group, the Losee gmeiss (lgn), includes light-colored granitoid
rocks, many of them nearly white, which eontain soda-lime feld-
spar (plagioclase) as an essential and characteristic mineral
component.

Each of these varieties of gneiss commonly oceurs more or less
intermingled with the others, the different facies or varieties ap-
pearing in tabular masses which are interlayered on both a large
and a small scale. « In general, however, one kind preponderates in
any particular area and in some places forms considerable masses
without intermixture. All varieties are cut by the pegmatite dikes
and all exhibit a more or less well-defined linear structure in the
arrangement of their constituents, which are elongated into cylin-
drical grains, or are grouped in little aggregations. This structure
now dips and strikes in the same direction as the gneiss layers and
usually pitches northeasterly at comparatively low angles (15°—
40°). The strike of the layers is usually northeasterly and their
dips high to the southeast. In a few places where the layers
curve, the dip and pitch change accordingly.

With few exceptions the gneisses correspond accurately in their
mineral and chemical composition to common types of coarse-
grained igneous roeks like the gramites and diorites. The light-
colored granitoid rocks included under the names Losee gneiss and
Byram gneiss are present in large amounts. It is believed that
they were formed chiefly by the solidification of invading molten
silicate solutions or igneous magmas. Their distinetly erystalline
granitic texture shows that the cooling process was a slow one and
took place deep beneath the surface of that time. Evidence of
crushing in the minerals of the gneisses is almost entirely wanting,
and appearances strongly favor the belief that their gneissic band-
ing is an original structure produced by the slow creeping move-
ments of the intruding magmas, and possibly the regional com-
pression to which they were subjected while they were crystal-
lizing.

The dark Pochuck gneisses have the composition of igneous
diorites or gabbros, but whether they have been derived from
igneous or sedimentary originals, or, as is believed, in part from
both, their present characteristics in most places are the result of
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metamorphism, involving secondary crystallization. Foliation is
everywhere present in these dark rocks, and parallel to this strue-
ture they have been invaded in all proportions by sheets of light-
colored materials similar in composition to facies of the Losee
gneiss. They are also interlayered with both the Losee and Byram
gneisses on a broad scale, and the Franklin limestone is similarly
interlayered with the granitoid gneisses, so that the dark Pochuck
gneisses and the Franklin limestone together seem to constitute a
matrix holding the intruding granitoid gneisses in the form of
relatively thin but extended plates. Hence both the Pochuck gneiss
and the Franklin limestone are regarded as older than the grani-
toid gneisses, but their original relations to each other are not now
determinable.

Apparently the dark rocks must already have been foliated
before they were invaded by the lighter gneisses, since the inter-
layering of the granitoid materials is so regular that the presence
- of some structural control would seem to have been a necessity.
During this injection, however, the early texture of the rock was
broken down, important additions or subtractions of materials may
have occurred, and a later crystallization ensued contempo-
raneously with the erystallization of the injected material. The
forces that caused the flowage of the invading magma probably
continued to operate after crystallization had begun, and praecti-
cally after it was complete, so that the injection of the granitoid
material, the pressing out and kneading of the masses of the
matrix, and the development of textural foliation in both were
phenomena conneeted in origin with a\single cause.

Although the Franklin limestone locally retains traces of orig-
inal stratification, showing its sedimentary origin, the lamination
observed in masses of this rock is regarded as mainly a sort of flow
structure developed through the crystallization of the limestone
masses while they were being molded under the action of deform-
ing stresses and at the same time traversed by hot, mineral-
charged waters derived from the invading Losee and Byram
magmas. The facts are believed to warrant the econclusion that the
white limestone and the various gneisses with which it is asso-
ciated, together with the ore deposits which they enclose erystal-
lized in their present state and received their present forms and
structures as geologic masses during a single period of deforma-
tion, which covered a wide area.

Origin of the ores—At this time, too, the magnetite and prob-
ably the zine ores which occur in these rocks were deposited by

2R
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hot mineral-bearing solutions that were gradually given off by the
magmas as they cooled and solidified. The zine ores (p. 178) are
now, so far as known, limited to the limestone and occur ‘only in
two large deposits at Franklin and Ogdensburg. The iron-ore
deposits (p. 176) oceur in all the erystalline rocks of the High-
lands, but are especially abundant in the Byram and the Losee
gneiss.

Erosion—The intrusion of the gneisses was doubtless accom-
panied by considerable elevation of the whole .region aﬂ?ectfsd.
Later through immense periods of time, weathering and erosion
removed the greater part of the overlying sedimentary strata, and
thus large areas of the deep-seated gneisses became exposed at tl}e
surface. The region may have been worn down almost .to a 1.)1a.m
(peneplain), but many minor irregularities' at least, stlll. ex1s'ted
when depression of the land at the beginning of Cambrl'an time
brought an invasion of the sea over most of the present nghland's
and westward. This uneven land surface is inferred from. the vari-
ations in thickness and in lithologie character of the earliest Cam-
brian sediments about the shores of this early inland sea.

The length of time for the deposition of the Fran.khn 111.nestone,
the intrusion of the gneiss and the enormous erosion wh.lch pre-
ceded the deposition of the earliest sediments of Cambrian time
may have been twice as long as the sum of all the subsequt.ant
periods (p. 174). Certainly it comprised 6 to 10 hundred million

years or more.
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CHAPTER V.
THE PALEOZOIC ERA

SUMMARY STATEMENT,

The beginning of Paleozaic time~—The great erosion in pre-
Cambrian time, referred to above, removed hundreds and perhaps
. thousands of feet of strata from the arca now included in New
dersey. In fact, this and neighboring regions seem to have been
worn down almost to a plain (& peneplain) of wide extent with
only minor irregularities of surface. Finally the period of erosion
“was brought to a close by the slow warping and depression of por-
tions of the continent, as a result of which a narrow sea came in-
land over Alabama and gradually extended along the belt now
‘occupied by the Appalachian Mountains, and northeastward to
Labrador. At least the northern part of New Jersey was sub-
merged and possibly the entire State. Southeast of this sea and
separating it from the Atlantie Geean was an ancient land area,
‘now submerged but known to geologists as Appalachia; to the
northeast was another body or group of lands or an extension of
_Appalachia, which has been called Acadia. The greater part of
noth of these ancient eontinents has long since disappeared bencath
the waters of the Atlantic Qcean, but during the many million
vears which make up Paleozoic time, they played an important
role in the history of New Jersey, .
The Paleozoic era began with the incursion of this sca npon the
‘margin of the continent and ended with the great earth move-
ments which formed the Appalachian Mountains. Its duration is
to be measured in millions of years, 360 according to a reeent es-
timate. During this Jong era the interior sea lying northwest of
Appalachia varied greatly in shape, size, and position.  Again and
again its shore line withdrew to the west far froem the borders of
New Jerscy, only to return when a sinking or warping of the land
for rise of the sea level) permitted its waters to reinvade the
State. The history of these changes cannot be worked out in all
its details from the record in New Jersey, hut some of the major

_movements are clearly recorded in the sedimentary rocks of War- -

ren and Sussex counties.

Character and distribution of Paleozoic rocks.—The known Pale-
ozoic rocks of New Jersey are_chiefly sedimentary:in origin, and
comprise_representatives of the Cambrian, Ordovician, Silurian
und Devonian systems, No strata of Carboniferous_or_Permian

(62)
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age occur_in the State. Associated with th? Paleozoic sed:me:f—
Iary rocks in Sussex County are certain rela.tn'ely small masses f
igneous rocks the age of which is indetfarmmable. The;* are cer—
tainly younger than the formations'wh{ch they cl_lt an are :i):u-
haps to be referred to the early Mesozoic era (Tnassxczl, tfmu' o
Jarly since this period is known to have be_cn one marke y gr :
volcanie activity in New Jersey. Also in_adjacent .portmns 0
Penusylvania and at Alpha, N. J. ., thin beds of volcanic .ash (ben-
“onite). oceur in a limestone (Jacksonburg) of Ordovician age.

" he Paleozoie strata outerop in thgee general regions (PL I) as

fd};‘;sl.n a few small areas southeast of the Z.['Iighl:{nds_, between

pre-Cambrian crystalline rocks and the Mesozou:. (Tr.msmc) stliata.

(2) In narrow belts within the Highlands, chiefly in the vag e):.

(3) In the broad Appalachian Valley bel:*, no.rthwes; o t. e
Highlands, comprising Kittatinny Ylalley,tK;tt‘itmny Mountam,

upper Delaware Valley to the west.ol 1t. .
an"li‘ht:ii pﬁfsent visible distribution is muc'h more _restncted than
their original extent, first, because exiensive portions have been
removed by erosion since their formatitm.; second, becau.?e they
.are covered in part by the younger Mesozoie strata, and third, be-
cause the region in which they oceur has been greaﬂ'y compressed
and shortened from southeast to northwest by folding and over-
anlting.
thfl?}ft‘a;}'f probaily covered the Highland belt and cxtendefl smrlrt:-
east beyond the present inner margin o_f the Coastal Plain. he
Triassic conglomerate which oceurs at intervals along the south-
east margin of the Highland belt is in large part composed of peb-
bles and cobbles of Paleozoie formations—{Silurian and I_)evoman)
which during Mesozoic time covered most of the gneiss of the
Highland belt.

Qtructure of the Paleozoic rocks—These rocks have the north-
east-southwest structure lines characteristic of all parts of the Ap-
ralachian province, due primarily to a system of folds and fa.tzlts
that trend in that direction. Few of the folds are symmetrical,

. southeastward djpf!_.h_eing__leﬁ.s_.stgepﬂthgpwnmnthms_maz‘l_gjnhﬁp_;

that the axial planes of the folds_are inclined to the southeast
(see Fig. 4). _ o
The folding took place during_the Appalachian revolution in
late_Carboniferous. _and_Permian_time (sec_p. 912. It is most
“marked in the beds farthest southeast and diminishes rapidly to-

ward the northwest, Some overthrust. faulting oecurred during -
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the folding, so that portions of the Kittatinny limestone are now
found resting upon the later Martinsburg shale (Fig. 7 and see-
tion BB on the geologic map). The most striking examples of. this
movement are the large limestone areas north of Hope and several
smailer ones umear Johnsonburg in Warren County, The entire
mass of Jenny Jump Mountain has been shoved northwestward
and rests upon younger beds (limestone and shale) which pass be-
neath the older gneiss along its western flank. The same linc of
overthrust can be traced southwestward to the Delaware along the
" porthwest slope of Scott and Marble mountains. Another line of
"gimilar faulting occurs along the southeast side of Musconetcong
Valley, where for considerable distances the Hardyston quartzite
and the lower part of the Kittatinny limestone have been folded
under and overridden from the southeast by the gneissic mass of
Schooley Mountain. A portion of the overridden limestone be-
“‘neath the gneiss was disclosed years ago in boring the Musconet-
cong tunnel of the Lehigh Valley Railroad, and recently evidence
of the same overthrust was temporarily exposed along the new
highway at Ilampton, east of the Musconeteong Creek,

More conspicuous, however, than the overthrusts are disloeca-

tions due to nearly vertical fanlts parallel or oblique to the axes of
the folds, on which as a rite the northwestern side has been up-
lifted relatively to the southeastern. These faults have broken the
iiighlands and Kittatinny Valley into a series of long marrow
blocks that have been gently tilted to the northwest. Partly as a
result of the folding and partly due to this faulting and tilting,
narrow belts of the Palcozoic strata that covered the whole area of
the present Highlands at the close of the Paleozoic era have been
carried down below the level of the adjacent erystalline rocks and
thus have been preserved from the erosion that has removed the

great mass of these strata from the Highlands. These fanlts are

probably a result of the disturbances that brought the Triassic

sedimentation to a close, in the Mesozoic era (see p. 110 and sec-
tions AA, BB, and CC on the map).! :

t References—The TPaleozoic formations of New Jersey are described’

and discussed in the following publications at considerable length:
Geologic Falios, Geol. Survey of N. 1.} No. 1, Passaic Folio, 1908, pp.
_ 6, 7; No. 2, Franklin Furnace Felio, 1908, pp. 10-12; No. 5, Raritan Folio,
- 1914, pp. 10-13.
“The Paleozoic Faunas,” by Stuart Weller, Geol. Survey of N. J,
Paleontology, vol. iii, 1903, 462 pp.
“Rocks of the Green Mountain Region,” by Henry B. Kiimme! and
Stuart Wcl. Annual report, of the State Geologist of N. J. for 1901,
o 1-52. o
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(,OG'CAL < Gegl, Soc. Am., vol. 20, 1910, pp. 427-606. _ .
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CaMBRIAN PERIOD.

General statement.—~In New Jersey, Cambrian time i repre.
sented by a relatively thin bed of quartzite and sandstone below
(Ilardyston_formation), and a_great thickness of limestone _above
(part of the Kittatinny limestone). There are good reasons, how-
ever, for concluding that the time required for the formation of
these strata represents only a portion of Cambrian time. They
now appear at the surface chiefly in Warren, Sussex, Morris, and
ITunterdon counties. The duration of the Cambrian period has
been recently estimated at 70 to 110 million years, but earlier cal-
culations assigned to it a much shorter time. Whatcver its length
in years, the period was very long and the geologic record com-
plicated. Three main subdivisions are commonly recognized, dur-
ing the first and last of which the sea cavered portions of the State,
while during the middie. period it had withdrawn and all this
region was land. '

The Lower Cambrian (Georgian) invasion.—The worn-down
land of pre-Cambrian time was at the close of this period of ero-
si'on, covered with a thin mantle of rock debris. As the Cambrian
sea advanced, its waves seized this material, reunded ahd sorted it
more or less eompletely, swept the finest particles into deep water,
and deposited the coarser along the shore line as beds of sand and
gravel, which varied from place to place in size and kind of ma-
terial and thickness of deposit. Thus was formed the earliest of
the Paleozoie formations. Loecally the old land surface was swept
bare of all Joose material, and even the hard rock itself somewhat
eroded. With further subsidence, beds of gravel and sand ac-
cumulated on these wave-swept, rocky platforms, so that the line
of contact between the pre-Cambrian gneiss and the later sedimen-
tarj'r rocks is sharply marked. At other localities, however, the
sea did little more than rework the upper part of the rock debris
previous to the accumulation of sand and gravel, so that there is
now no sharp lines between the earlier and later beds, but on the

“Paleozoic Formations,” by Stuart Weller. Annual Report of the State
Geologist of N. J. for 1899, pp. 1-54; the same for 1900, pp. 1-8.

“Lruptive Rocks of Sussex County,” by J. E. Wolff, Annual Report of
the State Geologist of N. J. for 1896, pp. 89-94,

“Farly Paleozoic Delta Deposits of North America,” by Amadeus
Grahau, Bulletin Geol. Soc. Am., vol. 24, 1913, pp. 377-398.

“Revision of the Paleozoic Systems,” by E. O, Ulrich, Bulletin Geol. Soc.
Am., vol, 22. 1911, pp. 2B1-680.

“Paleogeography of North America” by Charles S.: Schuchert, Bulletin
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contrary they appear to grade into cach other through a transition
zone of nondeseript material, which may with equal reason be re-
ferred to either. The sand and gravel accumuolated under these
. varied conditions now coustitute beds of quartzite and conglome-
rate. They are ealled the llardysten quartzite, there being zood
exposures near the village of Yardystonville in Snssex County.
Hardyston quartzite~=Typieally this formation is a_guartzite,
at many_places conglomeratie, containing pebbles of quartz, feld-
Spar, granite, gneiss, and shale. Loeally it is a limy sandstone. }t
is commonly feldspathic (arkose) and in sowme localities this arkosic
character is so marked that it is net readily distinguishable from
granite. Beds of slate are present at some places in the upper
part. Its thickness ranges from a few feet to 200 feet or nore; 1t

everywhere rests nneonformably upon_the craded_surface of the

alder_erystalline rocks, but locally_the line of contact_even where

@

exposed_is not_readily discernible, However in the first railroad
eut on the New York, Susquehanna & Western Railroad, north-
west of Ilamburg, there is a good exposure of a few feet of a vitre-
" ous quartzite, resting on the undulatory surface of the underlying

gneiss, Good esposures are found along the road one-half mile .

north of Great Meadows Station, and on the erest and hillside
near Great Meadows school-house, two miles sonthwest of Long
Bridge, Allamuchy Township. Its upper shaley amdd slaty Iayers
scem to grade upward into the over-lving limestone by alternation

of shale and limestone beds, so that its upper limit is indefinite.
Jts contacts with and exact relations to the great mass of the lime-

stone above ean rarely be observed in the ficld, since this boundary.

is ordinarilly concealed hy surficial deposits. It containg fossils
of a species of the tritobite Olenellus, and hence is regarded. as of
Geargian_{Lower Cambrian) sge. ‘

As originally deposited, the Hardyston guartzite had a wider
distribution than ifs present outerop.. 1t was the first formation
1aid down in New Jersey on the flonr of the lower Cambrian sea,
and presumably was cocxtensive with the sea, It now appears as
a narrow band along the southeastern mnrgin of the folded Paleo-
soie strata of the Kittatinny Valley in Warren and Sussex coun-
~ ties and along the margin of the inter-Ilighland valleys, where the
gneisses pass under the Paleozoic strata. Therve -are small ex-
posures of & vitreous guarizite near Trenton whieh is correlated
with the Hardyston quartzite of Sussex County. ‘The formation
i< also correlated with the Poughquag quartzite of Dutcehess Coun-
ty, New York, and the Chickies quartzite of eastern Pennsylvania,

f("’"\

and on this basis it is assned that the shore of the early Cam.
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brian sea advanced far southeast of the present Highlande. In

fact, there is some resson_for believing that there was at this

fime_communication between the inland sea and the Atlantic

Ocean . which lay cast of its present border, possibly by a strait
across northern New Jersey, separating Appalachia and Acadia
As the Hardyston quartzite is not very thick and is succeeded by

beds of shale and limestone, it is inferred that the adjoiving land
area was low, and that the northward and eastward transgression
of the sea_on the land was relatively rapid, so that after a brief,
period conditions prevailed in northern Nevw Jersey which favored
the deposition of limy muds.rather than sand and gravet.

Kiltatinny limestone, lower portion.—The Hardyston quartzite
js overlain by a great_thickness of blue and gray limestone, desig-
nated_on the geological map and in_earlier reports as the Kitta-

tinny limestone, When this name was first applied to these beds,
it was believed that they represented, a long period of uninter-
rupted sedimentation in a sea whick covered northern New Jersey
continuously through all Cambrian time and a portion of the lower

. Ordovician. Later studies both in New Jersey and adjoioing

states by different workers have shown the possibility of subdivid-
ing the Kittatinny limestone into three formations, which are sep-
arated by interruptions in sedimentation dne to withdrawals of the
sea and changed relations of land and water arcas. These divi-
sions are as follows: _

Overlying the basal sandstone and guartzite (¥ardyston) is 8
cansiderable thickness of blue and DLluish-gray dolomitie limestone
with more or less yellowish and silvery shale. The beds present
two somewhat contrasted phases, one a&n extremely thiek-bedded
massive limestone, in which the stratification planes cannot every-
where be readily determined; the other, a thin-bedded limestone
infercalated with lavers of silvery damourite shale, which range
in thickness from thin films to layers several inches or even feet
in thickness. The rock varies in color from dark blue-black to
bluish and yellowish-gray. Much of if is erystailine but the erys-
tals are wsnally so minute that the texture is finely granular. In
some layers they are too fine to be distinguished by the naked eye,
'The preponderating occurence of damourite shale at certain hori-
zons, partienlarly in the lower portion of the formation, snd its
presence as thin films at all but a few horizons is the most strik-

i Schuchert, Bulletin Geol. Sec. Am. vol, 20, p. 517.‘
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ing characteristic of these beds. So far as known, they contain X

no fossils, They are correlated with the Tomstown limesione of

" this correlation is correct, they are Lower Combrign in age. Their

thickness has not been determined but it is probably several hun-
dred feet. They bave been recognized in the Phillipsburg region
in Warren County, but it has not yet been determined whether
they oceur in all areas of Kiftatinny limestone,. as represented on
the map. - :

The Upper Cambrian (Ozarkion) invasion.—The middle portion .

of the Kittatinny limestone consists of beds of medium thickness
averaging 6 to 18 inches. Where shown in artificial exposures or
those which are slightly weathered, the beds are alternately light
arid dark in color, so that the formation can often be easily recog-
On fresh surfaces the rock ranges in
color from almost black to blue-gray and light-gray. It is uni-
formly dolomitic in composition.

Layers of quartz sandstone, usually less than 2 inches in thick-
ness but occasionally thicker, occur at intervals throughout the
formation, and indicate shallow water conditions and proximity
t0 a land area from which fragmental materials were oceasionally
derived. Thin films of shale, ripple marks, and cross-bedded strue-
tures are also present and testify to shallow-water conditions. At
gome horizons thin seams of ealcareous and siliceous silt alternate
so frequently as to form a so-called ribbon limestone. On exposed
surfaces the ribbon structure is accemtuated by the differential
weathering of the more soluble limestone laminae. At a few hori-
zons the shale layers are highly ecarbonaceous, while at others the
minersl damourite is an abundant constituent. Layers of .oblite

. eeur not,infrequengly; and at some horizons a pisolitie structure

hes been cobserved. Beds of conglomerate composed of angular
fat fragments_of limestone inclosed in a calcareous or a siliceous
watrix, which in some instanees is cross-bedded, have been noted

at several horizons. In all cases the frapments Me with their flat

sides parallel with the bedding planes. This type of congiomerate,
has heen designated edgewise_conglomerate, and was probably
formed by the breaking up and redcposition by shallow wave ae:

'tion of thinly bedded Jime sediments not yet completely solidified.

Along many of the bedding planes the rock an opposite sides in-
terlocks in a manner suggesting the suture joints of a skull,

Upper .1brn:in {Ozarkian) fossils were found in these b,(\z‘ds
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near Carpentersville, by Weller! in 1899.‘ Much more conspicuous,
however, than these forms are many colonies of marine algae,
Cryptozoon proliferum and allied forms. These consist of closely
grown heads, each made up of minutely plicated laminae with

‘wavy cross-section and concentiric horizontal section. The smaller h

heads are an inch or less in diameter but increase with the aceumu-
lation of concentric layers and by coalescipg with adjacent heads
until they attain a width of 2 or 3 feet, and in cross-section form
arches, which make a series of domes on the surface of the layer.
The presence of the Cryptozoon heads, the frequent oceurence

banding and the comparatively uniform thickness of the beds are
the chief characteristics _which_serve_to differentiate these beds
from the Tomstown limestone below and the Beekmantown beds

" .above. They are to be correlated with the similar beds, to which
in_eastern Pennsylvania_the name Allentown has been given. .

They are regarded as Upper Cambrian in age.

The thickness in New Jersey of the middle division { Allentown)
has not as yet baen aceurately determined. Neither its base nor
its top has been recognized with certainty in any exposure. There
is some evidence, not as yet conclusive, that its top is a surface of
erosion and that the overlying beds rest upoa it non-conformably.
Measurements of a portion of these beds made where repetition
by folding or faulting can probably be eliminated show & thick-
pess between 760 to 1,125 feet, with a possible maximum of 2,000
feet, the uncertainty arising from the impossibility of determin-
ing the exact position of top and bottom in & region of folded
strata and few outcrops, o : .

Kittatinny limestone, upper portion~The upper portion of the
Kittatinny limestone, as originally described, has long been known
to be of Ordovician age, and comparable to the Beekmantown lime- -
stone of New York (see below),

Distribution—The Kittatinny limestone forms the surface rock

< in portions of Kittatinny Valley in Warren and Sussex counties

and in several of the longitudinal valleys in the midst of the High-
lands. Smaller areas occur at several localities southeast of the
Highlands along the margin of the Piedmont Plain. In Kiita-
tinny Valley the dip of the beds. carries it under the slates and
higher formations to the worthwest, but at so steep an angle that
it does not reappear in New Jersey, although it outerops again in
central Pennsylvania,

' 14eal, f New Jersey. Report on Paleontology gl iii, 1, 13.
G.OGICALSURVEY Ual. Survey of New Jersey po g '
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Its former cxtent was much greater than its present. Together
with the Hardyston quartzite it unquestionably covered the gneis-
ges which are now exposed in the Highlands, and extended an un-
known distance south and east of its present outerops.

History of cvents—Assuming the accuracy of the correlation

which assigns_ the lower part of the limestone (Tomstown)_to_the
Lower Cambrian and_the middle portion (Allentown)_to_the Up-
per_Cambrian, we arc led to_the_conclusion that the interior sea
in_which_were deposited_the Hardyston quartzite and_lower lime-
stone beds withdrew from this region_in_Middle Cambrian time.
- “*Phis restoration of land econditions in northern New Jersey
was due to an uplift of the eastern lands (or subsidence -of sea
- level) which apparently drained the entire Appalachian trough
from Labrador to Alabama. The movement was without notice-
- able tilting of the horizontal limestone beds, since the earlier and
later formations seem to be structually conformable. The upper
surface of the lower Cambrian heds in this State does not scem
" to be characterized by any marked irregularities, from which it is
inferred that diring middle’ Cambrian time the emerged land
stood only: slightly above sea level and therefore was not greatly
dissected; or, if it had been raised to greater clevation, crosion
had progressed long enough to produce a low-lying, relatively level
plain, whose surface corresponded approximately with the-bed-
ding, so that when the sea in Upper Cambrian (Ozarkian) time
again submerged this region, the later sediments “were laid’'d6wn
on the.earlier without noticeable discordance in bedding. “#f
When in Upper Cambrian time the interior sea was reestablished
in this region, a great thickness of even-bedded mérélfegiﬁh lime-
stones, the middle portion (Allentown) of the Kittatinny forma-
tion, was deposited. *The thin layers of sandstone and stiale whici
are interbedded at intervals with the limestone, indicate the prox-
imity of a land mass from which-clastic sediments were oceasion-
ally deérived. Wave marks, cross hedding, and beds of edgewise
conglomerate point to shallow water eonditions and a sea bottom
not infrequently disturbed by current ‘and waves. Fossils are not
common in the Cambrian formations of New Jersey, the few found
being chiefly obscure remains of trilobites,! erab-like animals which
flourished in great profusion during the Cambrian, but became
extinet before the close of the Paleozoie era. The scarcity of fos-
sils in' the Cambrian beds of New Jersey does not necessarily

1 Geal. Survey of N. J.,, Paleontology, Vol. 1, p..10.- -

.
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mean,- however, that the Cambrian seas ‘hich covered the State
were sparsely inhabited. It is true thar invertebrates were the
only animals and that the first fishes did not appear until much
later, but the Cambrian fauna contains representatives of all the
fundamental invertebrate types ranging from simple sponges to
complex forms of Crustacea. Ahout 500 species of Cambrian in-
vertebrate animals have been deseribed from North America, so
that it is a fair inferencc that life was by no means wanting in
the scas which covered northern New Jersey at this period. Dur-
ing Upper Cambrian time, lime-secreting algae (eryptozoa) flour-

_ished in great numbers. Thése plants, like coral, lived in colonies
and by the sccretion of earbonate of lime from the sea-water aided

in the formation of the limestone, many layers in the Upper Cam-
brian portion of the Kittatinny originating in this way.

Close of the Cambrian—Investigations.in adjoining states have
led some geologists to conclude that there was at the close of Up-
per Cambrian time a widespread emergence of the land and with-
drawal of the interior sea from the region of the St. Lawrence
Valley, New York, northern New Jersey, Pennsylvania, and ad-
jacent states, far to-the west and south, following which the region
was-again submerged in Ordovician time (Ulrich and Schuchert) ;
but .positive evidenee of this has not vet been observed in New
Jersey. Tt must be recognized that the base of the beds referable
to the.Ordovician has not been seen in. this State, and nothing is
positively known regarding’ their exact relation to the underlying
limestone, ' o i :

ORDOVICIAN PERIOD.

General statement—In North America, Ordovician time was

characterized by_three periods of subsidence,® when the occans in-
vaded_and covered more or less of the land. These were separated

. by periods of emergence, when the oceans withdrew from the con-

tinent, if not entirely, at least in great part. The first flood
(Canadian) was not of great extent, but the seecond {Champlain-
ian) and the third (Cincinnatian) were the greatest of all Pale-
ozole time, ' '

In New Jersey Ordovieian _time_is represented (a) by two lime-

stone_formations,_the upper_Kittatinny (Beckmantown) and_the
Jacksonburg, which _are separated from each other by a long

" erosion interval, and (b) a great shale and slate -formation, the

1 Pirsson and Schuchert, Textbook of Geology, Vol i, p. 629.
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Martinsburg (Hudson River of early reports). Certain shale beds
near Clinton in Hunterdon County may represent a part of the
time interval between the Beekmantown and the J acksonburg
limestone, which corresponds to the emergence between the Cana-
dian and Champlainian floods, but the sea does not appear to have
left the State during the sccond emergence, Ordovician time may
have lasted 90 to 130 million years, Most estimates are, however,
much less, C

CANADIAN SUBMERGENCE.

The Beekmantown Limestone.—The upper part of the Kittatinny
formation has long been known to contain Ordovician fossils, It
has been regarded as of Canadian age and to correspond in part at

" Jeast to the Beckmantown limestone of Lake Champlain. It is a

thin to thick-bedded limestone, gray, light-blue or dark-blue_in
" color on fresh surfaces, and generally weathering to a lighter tone.
It is frequently minutely crystalline in texture and many beds
are not unlike the Allentown beds in general appearance, except
that so far as observed in New Jersey it is not characterized by
Cryptozoon heads. The greater part of the formation_so_far as

seen_in this State is dolomitie, but some beds relatively low in

magnesia and high in lime gécur, These are of a dark-blue color,
dense texture, in some layers minutely erystalline, and on weath-
ered surfaces are usually a bluish-gray color. Irregular, discon-
tinuous films and thin layers of siliceous silt oceur in these purer
limestones, and on weathered surfaces give the rock a mottled ap-
pearance. Many of the dolomitic beds are also somewhat mottled
both on weathered and fresh surfaces. Oolite and edgewise con-
glomerate oceur, but less abundantly, than in the Allentown, where-
as chert and flint, both white and black, are much more abundant,
These occur both minutely disseminated and in large lens-shaped
masses which may unite to form continuous layers. At some hori-
zons the chert so impregnates the dolomite, as to form a veritable
network and give rise to honeycomb masses where the more soluble
carbonate has been weathered out. The abundance of black {lint,
the presence of numerous weathered masses of honeycomb chert,
the preponderance of irregular, discontinuous siliceous layers at
certain horizons, and the occurrence of beds low in magnesia are
the most easily recognized lithologie characteristics of the forma-
tion. Fossils' oceur very sparingly and chiefly in the beds low in

1 Geol. 'y of N. J., Paleontology, Vol. iii, p. 15.
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magnesia, and when found are of great vhlue in correlation, but
for the most part the geologist has to rely on the character of
the rock itself. '

limestone (Beekmantown)_which is well exposed at the west end of
the_old railroad quarry near Sarepta, Warren County, is an eroded

_Post-Beekmantown __emergence.—The _top_of the Kittalinny

surface, on which was deposited at a somewhat later period the
overlying_Jacksonburg_limestone. The Beekmantown sea must,
therefore, have retreated from this region and land conditions
must have prevailed for a long enough time to permit the removal

of a part of these beds.

It is not possible to determine the whole extent of this erosion,
nor the length of this time interval. In the Musconeteong Valley*
at least 300 feet more of strata were removed from the top of the
Beekmantown at some places than at others, but there are now no
means of determining the thickness of strata removed where ero-
sion was least. Studies in adjoining states make it evident that.
the time was long enough for the sea to withdraw as far as Mary-
land and Tennessee, where thick beds of limestone (Stone River)
were deposited before its waters again invaded New Jersey.

EARLY CHAMPLAINIAN SUBMERGENCE

Chazy shale—The second great submergence of Ordovician time
bezan for New Jersey with the creation of a mnarrow strait
across the State and southeast of the present Highlands belt,

with_connections_southwest to_the Gulf_of Mexico and north- -

east_with the Gulf of St. Lawrenmce. In this_body of water

were deposited beds of silty to_sandy_clay, which now form a bed
of greatly folded and fanited _yellow_and black shale which is best

exposed west of Clinton in Hunterdon County. A few species of

fos'silgd(ggpgt_gljj;g‘s.)__hi_i_}gg_b_egn_fggntl near Jutland_in_exposures

along._the_Lehigh_Valley Railroad,_which_connect the beds with

the Normanskill shale of New York and fix their age ag Chazyan.
On the basis of position, other arcas of highly crumpled shale
found at intervals along the southeast margin of the Highlands
are regarded as of the same age. On the geologic map of New
Jersey they are all labeled Martinsburg shale, but later evidence
indicates that they are older than the black slates of Iittatinny
Valley.

2 Geol. Survey of N. J., Bulletin 16, -p: 23.
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LATER CHA.‘II‘LAINIAN. SUBMERGENCE

Geographic conditions—The earlicr stages of the second Ordovi-
cian (Champlainian) submergence were of an oscillatory character,
the general encroachment of the ocean on the Iand being accom-
panied by the temporary withdrawls now here and now there.
During one of these miner movements the Chazyan strait was

~ drained, but a little later (in late Black River or carly Trenton
time) the sea again invaded New Jersey, chiefly in the region
northwest of the Highlands. With the return of marine conditions
there were formed low limestone islands and reefs around whieh
beds of water-worn limestone pebbles were formed in favorable
loealities by the waves. Later as the sea became deeper, these beds
were buried by fine detritus derived mainly from animal remains.
The waters swarmed with a vast horde of invertebrates, bryozoans,
brachiopods, gastropods, cephalapods and trilobites,—a fauna of
very diiferent forms from _that of earlicr seas, and one the remuains
of which are abundantly, preserved in the rocks of this period.
Crinoids (animals related to star-fishes, but fastened to a long
* stalk) also flourished in -great numbers and their broken stems
contributed largely to the making of the limestone.. The New
Jersey beds formed at this time are called the Jacksonburg lime-
M' . I f; :
Jacksonburg limestone (0jb.}—This formation is in pencral a
dark blue, gray or_black fossiliferous limestone, many layers con:
tairiing 95 pereent or more of cileium carbonate. Thin layers of

3

calcireous shale are interbedded with the limestone and beeome
thickér and more abundant near the top of the formation, so that
in some Tlocalitics the upper ‘part is chiefly a black argillaceous
limestone extensively used in the Lehigh Valley and adjacent
regions for the manufacture of Portland Cement. Co

" In the type locality at Jacksonburg, Warren County, its thiek-
ness 35 about 135 feet, but it is highly probable that the entire
section is not here present. In the guarries of the Edison Cement
Corporation near New Village the thickness is at least 200 feet,
and at Martin’s Creek, Pa., it is over 400 feet. At both these lo-
calities the basal beds of the type seetion are not present’, "

‘Weller? pointed out that at Jacksonburg the first 58 feet of beds

1R. L. Miller, Stratigraphy of the Jacksonburg Limestone. Geol. Soc,
Am. Bulletin, Vol. 48, pp. 1687-1718,

? Sruart Weller, The Paleozoic Faunas, N. J. Geol. Survey, Rept.
Paleont, Vol 3, 1903, pp. 16-38. . : )

. - &
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are characterized by the fossil Leperditia fabulites, and he re-
garded these beds as of Dlack River age. Miller,! however, has
recently referred them to the Rockland or jowest subdivision of
the Trenton. There is an apparent hiatus at the top of this sub-
division, marked by an abrupt faunal change.

The next 28 feet 9 inches of beds are correlated by Mifler with
the Iluil division of the Trenton, while the overlying 40 feet or

- more belong to the lower Sherman Fall division.

Teelation to the underlying Kittatinny limestone—The Jackson-
burg limestone rests upon the eroded surface of the Beckmantown
or other underlying limestone, At most localities where the two
formations outerop in elose proximity, the hedding scems to be
parallel, but at several localities striking wneonformities oceur.
'Phe_most_conspicuous_of these is in_the »_old_railroad quarry at
Carepta, Warren County, where the dark-colored Jdcksonburg
beds_rest on the lighter-colored Kittatinny limestone. Here the
lowest Jacksonburg consists of a coarge conglomerate of suban-
gular cobbles of magnesian limestone, some of which are 2 feet in
diameter. However, they rapidly diminish in size upward and

become mere angular fragments 5 feet above the base, Similar .

anzular fragments of magnesian limestone oceur in a ealeinm-ear-
bonate matrix at many .other localitics at the base of the forma-
tion. : T

It has alrcady been pointed out that at the type locality there
is a faunal change and hiatus 58 feet above the base,—at the top
of the Leperditia fauna. At some points, this horizon is Jmarked
by rounded conglomeratic pebbles of the underlying beds. In.the
region around Hope thick conglomerate beds of well-rounded-peh-
bles have been noted-—not at the base but apparently. interbedded
in the limestone above the base. When first observed about 1900,
exposures were not sufficiently numerous to settle beyond doubt
whether these conglomerate beds were actually interbedded in the
limestone, or were basal beds fauited into this position. More

P
ade s

recent exposures have shown: beyond a doubt that this conglomer-

ate aceurs in the Jacksonburg and; ‘as R. L. Miller has suggested,
is probably to be connected with the ndvance of the sea after the
hiatus indicated by the evidence found at Jacksonburg and Port-
land. . _‘ ‘ i s ' ) . '

This hiatus may aceount alse for the fact that at some local-
ities the lowest beds of this tvpe section, i.e. those carrying the

'R, L. Miller. loc. cit. p. 1695
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Leperditia fauna are absent, and the beds of the Hull division rest
on the Kittatinny limestene. This is the case in an old cement
quarry one mile east of Stewartsville.!

The two conglomerates, the one at the base and the othber
within the formation are taken to indicate two periods of erosion
and readvance of the sea, the first after the Beekmantown and
the second after the formation of the Leperditia beds, and before
the deposition of beds referred to the Hull

Whether the Leperditia beds be Black River, as supposed by

.. Weller, or the lowest member of the Trenton, as now advocated

- by R. L. Miller, it is now well established that the Jacksonburg

formation as defined and mapped does not represent a period of
continuous deposition.

Relations to the Mariinsburg.——The Jacksonburg has ecommonly

-although no continuous section_was available to confirm this_re-
lationship. However Miller? has recently called attention to
several localities—in Pennsylvania and in New Jersey where the
two formations outerop so closely together as to preclude any
gradational change from an argillaccous limestone to a siliceous
slate. While the possibility of faulting has pot been entirely
eliminated at some of thesg exposures, it now seems established
that the Martinsburg rests disconformably on the Jacksonburg.

Qccurrence.—~—The Jacksonburg normally occurs at the surface as

a_narrow band between the Kittatinny limestone and the Martins:
burg slate, but it has been cut out by faulting for long distances.

. It originally covered the areas mow underlain by the older lime-

stone and it probably underlies the » Martinsburg slate over wide
areas where it is not exposed at the surface.

POST-JACKSONBURG OSCILLATIONS.

Late in Jacksonburg time the streams brought into the sea a
larger amount of fine silt and mud, so that the limestone of the
. lower and middle portions gave place to the argillaceous lime-
stone—the cement rock of the Martin’s Creek and Phillipsburg
ereas, Continued elevation of the region caused the withdrawal of
the sea from New Jersey and eastern Pennsylvania in middle or
late Trenton and the initiation of the time interval which in this
region separates the Jacksonburg and Martinsburg formations.

1R. L. Mille

loc, cit. p.' 169¢.
1R, L.

r. .
r. loc. cit. pp. 1701, 1708,

PN
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In the Greenwood Lake-Green Pond Mom‘ztain region the Jack- .
sonburg limestone is apparently absent, while the Kittatinny
limestone has only a fraction of th: thickness it possesses else-
where. Moreover, there are only doubtful oceurrences of the
overlying Martinsburg shale. These facts are interpreted to mean
that that region may not have been affected by these various pe-
riods of submergenee, but may have been a land area from the end
of Cambrian time until late in the middle Ordovician or even until
Rilarian time.

Martinsburg slete—In the Kittatinny Valley region the earth
movements that stopped the deposition of the Jacksonburg lime-
stone _and after_an unknown interval began the formation of ‘the
thiek beds_of shale and slate known_as the Martinsburg (Hudson
River_of older reports) were gradual and gentle, After a rela-
tixgly__bxic_':‘,_per_iod_qofd_emerge_n_ee,'_chg__sga.__teadvanced and_ the
streams brought into it a large amount of fine silt and mud, and
toward the_close of the period, fine sand. This change in sedi-
mentation began here at a much carlier time than in central New
York, where limestune-forming conditions_prevailed in Trenton
time long after they ceased in northern New Jersey.

The Martinsburg formation ranges from the fihest-grained
ghale and slate to fine sandstome. On the whole the shale and
slate ave black and are more abundant in the lower part, whereas
the sandstone beds are dark bluish-gray, many of them caleareous,
and occur more commonly higher in the formation (see **Sand-
stone,”” p. 187). Considering the formation as a whole the gritty
beds are much less abundant than shale and slate, _

Slaty cleavage is the predominant structure in all but the sandy
beds and the true bedding planes are in some places difficult to
deteet, At some localities the plancs of cleavage are approxi-
mately straight and parallel and the rock of such even texture that
commereial siate has been obtained in considerable quantities (see
“‘Slate,”’ p. 188; and ‘‘Mineral Paint,”’ p. 192). The whole
farmation is so_crumpled and eleaved that no accurate estimate of
its_thickness can be_made, but it is probably at least 3,000 feet .
thick and may be more.

Four species of graptolites, found in the lower portion of the
Martinsburg shale near Branchville, Sussex County, are, accord-
ing to Ulrich, of Trenton age; hence the beds in which they occur
correspond to a portion of the typical Trenton limestone of cen-
tral New York. A few miles north of the New York-New Jersey
state line, Schizocrania and graptolites characteristic of the Utica
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shale of the Mohawk Valley have been found in beds close to the
overlying Shawangunk conglomerate, so that the upper part of the
forination belongs to the Upper Ordovician (lower Cincinnatian).
' In_sonthern _and_central Pennsylvania_the Martinshurg shale
is_succeeded by 400 to 1,500 feet of Ordovician red_sandstone
(Juniatn) which is absent in New Jnrmzy,-—-ﬁ(?ﬁmpﬂ ﬁy lack of de-
position. but mere probably beeause of erosion before the deposi-
tion_of the succeeding Silurian_formations, 1f formerly present
it represented the eulmination of the shoaling of the sea and up:’
Jift of the bordering lands, the beginning of which is indicated by
the transition from the high ealcinm to the argillaceous limestone

{eement vock) in the Jacksonburg and then after a short hiatus -

the deposition of the Martinsburg shale and the increasing amount
of sandstone in the upper part of that formation.

Taconic vevolution.—The Ordovieian period was terminated by
widespread earth movements. The old land of Appalachia was
uplifted, Cambrian and Ordovician strata along its western mar-
gin from Nova Scotia to southeastern Pennsylvania and perhaps
further south were closely folded, faunlted and erected into moun-
tain masses—the Taconic Moyntains of western Vermont and
Massachusetts. Northern New Jersey and the regions westwdrd
were invelved im this movement, but the extent of the folding in
this region has been a matter of some dispute. The movement
ended in an almosi complete emergence of the North American
continent.

The rising land was immediately subject to erosion, the zone of
deposition being shifted westward as the sea retrcated, and sue-
gessive portions of the newly emerged sea bottom were denuded of
their upper layers. In the Green Pond region the Cambrian and
so much of the Ordovician strata as may have been deposited were
either entirely removed and the underlying gneiss exposed, or
were reduced to mere remnants of their former thickness. In the
upper Delaware River region where the sediments were thicker
and the erosion interval probably shorter, since it emerged later
and was resubmerged earlier in the following age, only the upper-
most Orcdovician strata .(Juniata and upper part of the Martins-
burg) were eroded, ' o

SiLUurIAN PERIOD,

rencral staicment.—~The formations in New J e;:seywr,efﬁtabls_'to
the_Silurian period are beds of coarse conglomerate, which are
followed by sandstone, shale and limestone. The earliest of them

t

]

— .
e,

are regarded by some geologists (Grahau et ql) as part of the
great alluvial fan built by streams whieh rose in the mountains of
the old tand of Appalachia and flowed northwest across a low-
Iving Piedmont belt into the relatively shallow waters of a distant
interior sea. Others (Schuchert et «al) rezard them as the shal-
low-water deposits of an invading sea into which rivers carried
large amounts of sand and gravel which were widely distributed
by the waves and currents ot in part accumnulated as delta deposits
at the mouths of the rivers. ’

The New Jerscy formations of ghis age occur in two distinet
rogions : '

(1) In Kittatinny Mountain ‘and Wallpack Ridge in the upper
Delaware Valley. '

(2} In the nazrow, down-faulted and folded mass of Paléozoic
rocks in the Green Pond-Greenwood Lake region in the midst of

THE PALEOZOIC ERA

the Highlands. In the upper Delaware Valley these formations |

ageregate 4,200 feet or more in thickness, while in the Green
Pond Mountain region they do not exceed 1,800 feet. There can
be little doubt that originally the strata of these two areas were
continuous and erosion during the many million years since the
Silurian has removed all traces of them from the interveming area,

- a distance of 20 miles, Silurian time may have lasted 40 million

vears.
EARLY SILURIAN FORMATIONS.

Shawdngunk _conglomerate (8sg) —The Shawangunk conglomer-
ate (ealled the Oneida_conglomerate in_many_ previous_publica-
fions)._is the lowest_and oldest of the New_ .Jersey Silurian beds.
1t is chiefly & quartzite and conglowerate eomposed of small white
quartz_and, in some beds, slate_pebbles, embedded in 2 siliceous
onatrix, Its color is generally steel-blue, but some beds have a

. greenish or yellowish tinge and reddish layers occur near top.
Layers of black shale a few inches in thickness are locally intee-
ralated begween thick beds of conglomerate and grit.. The forma-

tion forms the crest and eastward-facing eliff of Kittatinny Moun- ~

tain and is well exposed at the Delaware Water Gap, where the
river cuts through the Teountain in a deep gorge, whose sided rise

1,200 feot above the water. IHere softer gray sandstones are inter-

stratified with conglomerate beds at several horizons, but owing
10 their lesser resistance, they are not so well exposed. The thick-
ness of these gray sandstones and conglomerate beds at the Water

NEW JERSEY'FEOLOGICAL SURVEY

T g AL S §m L AT e s g ey



80 " GEOLOGY OF NEW JERSEY

Gap is about 1,900 feet.!. Similar beds are found along Kittatinny

Mountain, but the scetions differ in detail. At Otisville, New York,
a few miles north of the New Jersey State line the thickness of
the yellow and gray conglomerate beds lias diminished to 650
geet. Near Kingston, New York, the formation disappears from
the section. It continues southwestward into Pennsylvania for
many miles, but becomes thinner in that direction also.

Green Pond conglomerate (Sgp)—In Green Pond, Bowling
@reen, Copperas, and . Kanouse_Mountains, beds of conglomerate
: gzxji,—qllastaijg__os:gl_xr,,_,v:thi@h;rgsemhl"a_someﬂhatmc_lp_s@li_ifl.__.'f?mS:ﬁ.EZ
' \Egg@nk conglomerate. The pebbles are somewhat larger, and of
greater variety, although predominantly of white quartz. These
are embedded in a matrix, originally sand, but now vitreous in tex-
ture and of a dull-red, steel-blue, gray, or greenish color. The.
bigher beds of the formation are less conglomeratic than the lower
. and are chiefly quartzite, in general of a purple-red color. Various
shades of pink, yellow, brown, and gray oceur, The thickness of
the formation in the vicinity of Green Pond is 1,200 to 1,500 feet,
and it thins both to the no(x;theést and southwest.

The Shawangunk and Green Pond conglomerates are regarded as
remnants of the same formation, which formerly covered the
region_now separating them and extended an unknown distance
to the southeast. = '

Relation to the underlying Martinsburg.—At Otigville, N. Y.,
Lehigh Gap, and Schuylkill ‘Gap, Pa., the contact of the two
formations is exposed. Although these have been in the past re-
garded by some observers as fault contacts, the general opinion
now is that at these localities the Shawangunk rests upon the
eroded_edges_of the Martinsbure, and_that folding and a long
 period of erosion. separated the two formations. In New Jevsey

enly one locality is known where they can be scen in actual con-
“tact, This iy an 'onbs_gpx;_e_g;:ppsu;e__inche‘_y;oqu__qdjggent to_the_

old Libertyville—Montague road across Kittatinny Mountain. The
conglomerate forms a low cliff at the base of which the slate is ex-
posed for several yards horizontally. The contact shows a slight
angular unconformity.

Further evidence of the time interval between these formations
is shown by the occasional presence of ronnded pebbles of the

1 The second Pennsylvania survey gives the thickness as 1,565 feet (Report
G6). Grabau (Bull. Geol. Soc.-of Am., vol. 24, 1913, p. 478) states it as’
1,900 feet, but he includes in the Shawangunk 340 fcet of higher beds which
g’}f Penns ia survey called Clinton, but which seem better classed with the

awang
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Martinsburg slate in the basal beds of the! Shawangunk, and the
absence at this horizon of 1,500 fect of Juniata beds present in
Pennsylvania,

Age of the Shawangunk conglomerate~There has been much
difference of opinion among geologists as to the age of these beds
and the conditions under which they were laid down., In New
Jersey the Shawangunk rests upon the eroded snrface of the Mar-
tinsburg shale, and was, therefore, deposited after a period of
erosion which removed the upper part of the Martinsburg and
perhaps an unknown thickness of higher Crdovictan strata (Juni-
ata sandstone). In the Green Pond region the conglomerate rests
for the mast part upon the pre-Cambrian gneiss, althongh locally
thin beds of Cambrian strata are present at this horizon. In this
region the erosion which preeeded the deposition of the conglomer-
ate was so great as to remove all traces of the carlier Ordovician
and Cambrian sediments over wide areas, and to reduce them to
mere remnants in others, That the region covered by these conglom-
orates had been a Jand avea for along period, immediately preceed-
ing their depositicn, cannot, therefore, be questioned, but there
has been doubt as to when in Silurian time erosion ceased and de-
‘hosition began. These beds were for a Jong time regarded as early
Siturian and correlated with the Medina scries of central and
Western New York, Taater a enryplerid fauna was discovered ai
Otisville, New York, and at Delaware Water Gap, which was be-
lieved to make them frte Silurian (Salina). Still more recently
(he discovery of the type Medina fossil Arthrophicus allcghaniense
hoth at Otisville and the Delaware Water Gap restores them to
the early Silurian. .

MID-SILURIAN "DEDS,
_-———--—-’—-—ﬁ-'.—————-'\-ﬂl—‘—.

Tigh Folls shale and sandstone—At Delaware Water Gap above
the gggy__Sl@_\y_q_qgp_nlcﬁcﬁqgg}grﬂnggte and sandstone, there are about
1,345 feet! of red,ﬁgg_e_eg,__g;_;_dﬁolive-co_lored sandstone_and shale,
with some beds of pea conglomerate. In color and texture they
are in relatively sharp contrast to the wnderlying light-colored
conglomerate. The uppermost 155 fect of this series is a soft red
shale exposed along Cherry Creek near the railroad bridge, on the
Pennsylvania side of the river. Above fhese beds isa covered in-
terval in which there may be 700 to 800 feet of beds of unknown

character.

1 Pennsylvania Second Geol. Survey. GG, p 340,
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_ This great thickness of rock has been referred at different times
to the Medina, the Clinton, and the Salina formations of New
. York. On the geological map of New Jerscy they are called the
High Falls formation, but it may fairly be gquestioned whether
- they are all of them equivalent to the High Talls formation of
southeastern New York, which in its type locality is regarded as
early upper Silurian (Salina). In the absence of decisive evidence
" in this seetion, the possible alternatives must be kept in mind :

(1) These beds may all be High Falls (Salina), in which case
* the abrupt change from the gray conglomerate to red, green and
olive-colored sandstene marks a disconformity, the middle Silurian
{Niagaran) being sbsent. o :

(2) The entire series of sandstone (1,345 feet), including per-
haps some beds in the covered interval above, may be lower Nia-
garan {Clinton), in which case the covered interval may conceal a
. lesser break in the record (later Niagaran).

(3) Some part of the lower red and green sandstones (1,345
feet) may be of Medina age and belong in the Shawangunk; the
‘. uppermost, soft red shale and the beds in the covered interval
may be Salina and the true representative of the High Falls shale
of New York, while a greater or less thickness between, may be
lower Niagaran (Clinton). In this case the break between the
Clinton and the Salina occurs somewhere in the series of shale
and sandstone, below the 155 feet of soft red shale.

Sinee the presence of Clinton beds in this position in the section
seems to be well established at the Lehigh Gap on the southwest

and at Otisville to the northeast,’ the second or third of the above .

- alternatives seems more probable than the first. Until, however,
the type Medina fossil Arthrophycus is reported from the red,
. green, and olive-colored sandstone, it may perhaps be best to limit
"the term Medina (Shawangunk) to the gray conglomerate and
quartzite (1,900 feet), and regard the change to the reddish sand-
gtone and shale as marking the base of the Clinton.
Longwogd_shale—In_the Green Pond-Greenwood Liake region
the Green Pond conglomerate (Medina) is succeeded upward by
about 200 feet of a soft red shale, but the two have not been scen

-

in contact, It resembles most closely the uppermost red shale ex-
posed at the Delaware Water Gap, and at various points on the
left bank of the river for a few miles above the Gap. It is prob-
ably upper Silurian (Salina) in age, although positive evidence

1Schuchert, Bull. Geol, Soc. Am, Vol, 27, p. 531.
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i lacking. If this is the case, then either the Clinton beds of the
Water Gap—Otisville region were in this region entirely removed
during the late Niagaran (pre-Salina) erosion interval, or Clinton
time is represented by some of the beds included in the Green
Pond conglomerate. The former view scems preferable.

CONDITIONS OF ORIGIN.

Deltas vs. alluvial fans.—As already noted (p. TR) the Ordo-
viclan_was_terminated by_wide-spread erustal movements and
mountain_building_(Taconie_revolution), but by early Silurian
time the changes wrought by this uplift had been greatly modified.
Many of the rock folds had been sharply cut off; even where fold-
ing had not occurred, the uplifted sea bottom had been greatly
eroded and the land was much reduced in elevation, Acecording
to Sehuchert’ # shallow sea occupied the Appalachian trough and
covered northern New Jersey. Long rivers flowed from the high-
land of erystalline rocks in Appalachia, and had reduced the
quartz to fine sand and well-rounded smail pebbles. The deposits
of these rivers, spread out by the waves, formed ‘‘great shallow-
water flats of moving sands, in which lived, now here and now
there, in great abundance, an errant annelid, Arthrophycus al-
leghaniense, similar to the lob-worms of the English sand beaches.
On the mud bottoms the eurypterids were often present in great
numbers and in variety of form.’” Near the mouths of the rivers
these sands formed more or Jess typically developed delta deposits,
their great extent apparently precluding their being regarded as
the delta of a single river.

In sharp contrast to this view is that of Grabau® whe holds that
the Shawangunk (including the Green Pond) is a subaerial de-
posit, an alluvial fan formed cntirely on dry land, and that the
eurypterids were non-marine forms living in the rivers, whichk
crossed the alluvial plain. '

Whichever theory we accept we are safe in concluding that fol-
lowing the accumulation of these deposits there was in this region
a deepening of the sea, probably due to the transgression of the
shore to the eastward with perhaps a lower elevation of the land
due to erosion, so that fine sand and mud were deposited here in-
stead of the earlier coarse sand and gravel, If the red, green, and
olive-colored sandstone is correctly referred to the Clinton, this

1 Bull. Geol. Soc. Am.,, Vol 27, p. 535,
2 Grabau, A. W., Bull.. Geol. Soc. Am., Vol, 24, p, 526.
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advanee of the sea took place in carly middle Silurian timne
(Niagaran)., The entire absence, however, of thé later Niagaran
- i3 proof of a retnrn to land ‘conditions fater in middie Silurian
time and its persistenee nntil the upper Silurian (Salina).

UPPER SILURIAN FURMATIONS (SALINA AND MONROE _GROUPS.)

As indicated above (p. 81) the upper part_of the Iigh Falls

formation_as mappvcl and {he Longwood shale probably belong 1o
thc Salina group in the upper Siturian, 'l‘hc Ligghier formations of

: th:s are are the followine:

Poxino Island shale (Bhed) —The top of tht, High Falls forma-
tion in New Jersey is everywhere hidden by glacial drift, which

- also conerals the beds immediately above, The next reeognizable

formation is the Poxino Island shale, a buff or greenish calearaous
chale i in thin layers and, so far as known, withont Fossils, 1ts out-
erops along the base of Wallpack Itidire in thé upper Delaware
Valley are few, small, and widely separated, msd very little 18
known regarding it. In the adjoining portion of Pennsyivania it
iz reported to be 200 feet in thickness and 1o rest on a thin linie-
- stone formation, which in turn rests on the High Falls shale. It is
not known to occur in the Green Pond Mountiin region.

Alonz Wallpack Ridge the eovered interval -hetween the l[u'h
Falls and Poxino Island formations is wide enough to coneeal
beds of considerable thickness. :

Bossardrille limestone (5bd). -~—A fine-grained, compaet, binish-
gray, banded limestone, known as s the Liossurdville, lies on the

Paoxino Island sh.ilc m \\'allp.tck lndﬂv Whether the contaet is

It increases in ﬂuc]\nex‘; sottthiw ard ?tom 12 fwt at tlu- Nm\ }or}{
State line to abont 100 feet where it erosses Delaware River into
Pennsylvania. Owing to its marked hauding it was for muny years
known as the *‘Ribbon’’ limestone and was eorrelated by Cook and
later geologists with the Maniius limestone at Rondout, New York.
In reality it lies below the Manlins. It contains few fossils but
is immedintely succeeded by a series of heds with a well-defined
Salina fauna. It has not Leen recognized in the (ireen 1’ond
Mountain belt, but this may be from lack of exposnres.

Decker formation (8hd), (8d)—Under this_name_beds_have
heen deseribed _that are_chicfly limestoue at the northeast and eal-

£aAreous sandqtone at_the southwest, Their thickness is 52 feet at
the Near;"quarr) near Port Jervis, New York, where the sce-
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tion ean be aceurately measured, Thin bi'mdﬂ of more or less
fissile, green shale separate the limestone layers. A thin bed of
reddish, erystalline, highly fossiliferous Huiestone abont the mid-
die of the series is a striking fealure.

The lower 24 feet of these beds, as exposed at the type loelity,
are corrclated” with the Wilbur limestone (the so-ealled *f Niagara®”
r **Coralline”’ limestone of Iall snd other anthors) and the next
17 fect 8 inches with the “‘Bhlack cement’ beds; that is, the Rosen-
dale “‘waterlime'’ of the RHondout seccelion of New York, These
form 1he top of the Nalina group. The appermost 10 feet of the
Decker beds eontain fossils, partienlarly in the lower half, that
rendler neeessary their eorrelation with the Cobleskill limestone of

castern New, York. Corals amd allicd forms are particularly
abundant,

These three formations are hest shown in the biuff south of the
Nearpass quarry south of Port Jervis, The Poxino Island shale
is mostly eovercd by talus, but the Bossardville and Decker lime-
stones form the lower part of the oliff, They also milerop at
other points along the eastward slope of Wallpack Ridee as far as
Platbrookviile. '

In the Green Pond Mountain region there are isolated outerops
of impure limestone overlying the Longwood shale but they are
nowliere scen in contact with if. These contain a fanna that cor-
reiates them with the lower beds of the Decker formation; that is,
with the part referable to the Salina group, and with the Wilbuar
Yimestone of the upper part of the malina formation of eastern
New York,

Above the beds of Salina age are two limestone formations be-

“longing to the Silurian, the Rondout and the Manling, both ex-

posed in the Nearpass binf.

Rondoud linestgne {Shd).—~Along the upper Delaware the beds
immediately above the Decker limestone and referred to the Rond-
ont _consist_o nf _more_or less earthy \il"l](‘ _aud linestone the thick-
ness of which is 39 feet. In generval they contain but few fossila,
although in some beds the erustacean Leperditia is abundant. A -
typically marine fauna with an abnndanee of brachiopods, trilo-
bites, ete., is conspicuousiy ahbsent from these beds, In general
this fermation resembles the Rondont as developed in New Yorl,
but the cement beds that are so characteristic of this formation
further nm-zh are not conspicuious here.
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Manlius limestone (Sbq).—The Rondout is succeeded conform-
ably by a somewhat_thintbedded, knotty, dark-biue or almost black
‘limestone, 34 or 35 feet thick where best cxposed. It is the bed
- that constitutes the quarry stone of Wallpack Ridge and its out-
crop is marked by a line of old quarries and lime kilns, 1t is re-
ferred to the Manlius or *‘ Tentaculite’’ Jimestone of the New York

series, although well-preserved specimens of the characteristic fos-

" sil, Tentaculites gyracanihns Eaton, are rare. In the lower beds

there is eviderice of environmental conditions similar to those of
the Rondout——absence or scarcity of a typically marine fauna.
The lower six feet of the Manlius limestone was formed largely
by colonies of Stromatopora, a lime-seereting organism which grew
in spheroidal masses up to a foot or more in diameter. In the
middle portion Leperditia is still abundant, but is associated with
a prolific brachiopod fauna, suggestive of reeurrence of the more
. typical marine conditions. In the upper Leds Leperditia has en-
tirely disappeared and the fauna is typically marine.
" No beds referable to the Rondout or Manlius have been found in
"the Green Pord Mountain region, although their attenuated rep-
resentatives may oceur beneath the thick mantle of glacial drift.
The top of the Manlius marks the top of the Silurian formations
of this region. There is in New Jersey no ‘conspicuous break in
sedimentation in the section at this point, but some evidenee in-
dicating a slight disconformity has been noted in southeastern
New York'.

CONDITIONS OF FORMATION.

Although the middle Silurian (N jagaran) was in general a time
of continental subsidence and widespread seas, which covered
much of North America, New Jersey and adjacent territory seem
to have been land areas from Clinton to Salina time. With the
beginning of the upper Silurian (Salina) however, a shallow sea
invaded this region, and in it were first accumulated red and
green shale (High Talls and Poxino Island)? and later “ribbon"’
limestone (Bossardville and Decker). Apparently these were not
at first normal marine waters, since marine fannas are apparently
absent from the Bossardville limestone. In Decker time, however,

1 Hartnagel, N. Y. State Musenm Bulletin 107, p. 45.
Van Ingen, N. Y, State Museurn Bulletin 69, p. 1186,
¢ As already pointed out (p. 82) part of the red shale and sandstone
included in the High Falls may be Medina and belong with the Shawangunk
or may belang to the Clinton (early Niagaran) and may have been formed

before the advance of the Salina sea.

s

.

we find a marine fauna firmly established, and a sea in which lime-
stone accumulated in the region of Tri-States and Port Jervis,
and limy sandstone further southwest. In western New York beds
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. of salt oceur with rocks of this age, so that the climate there was

arid and the seas in some parts surcharged with brine.

Later, in Rondout time, non-marine conditions again prevailed
in New Jersey, marine fossils being conspicuously absent from the
limestones of that age, but connection with the ocean was re-
established during Manlius time, and before the close of that
epoch marine life flourished in great abundance in these waters.

An inconspicuous disconformity at the top of the Manlius
points to a short withdrawal of the sea from southeastern New
York and probably from New Jersey at this time, an event which
marked the close of the Silurian period. When the sea returned
and deposition was resumed, limestone of a very different aspect
was deposited.

DevoNIAN PERIOD.

. General statement.—At the beginning of the Devonian (Coey-
'mans)_a narrow sea known as the Cumberland basin extended
across northwestern New Jersey snd adjacent_portions of north-

" ‘eastern Pennsylvania, It reached morthward into eastern New

York, and _probably by various channels connected_with the Saint
Lawrence Gulf and the open ocean. Southward it extended through
western Maryland and beyond, and formed an open copnection
with oceanic water. On the west it was limited by a continental
area, which had replaced the great interior Mississippian sea of
middle Silurian time, and on the east it was bounded by the
ancient land of Appalachia. During Devonian time there were
marked changes in the shape and size of this basin, the greatest
tendency being toward its extension westward. At the same time
the great interior Mississippian sea was gradually reestablished,
and its waters at length united eastward with those of the
Cumberland basin, and northward with the Arctic Ocean. This
period of maximum submergence was followed by an oscillatory,
but gradual emergence of the continent. In late upper Devonian
time and at the close of the Devonian nearly all of North America
was probably above sea level. Northern New Jersey, being near the
old land of Appalachia, was affected relatively soon by the sub-
sidence of the flood, and emerged from the sea early in upper
Devonian time.

NEW JERSEY GEOLOGICAL SURVEY



AN

88 : "GEOLOGY OF NEW JERSEY

 The Devonian is often called the “Ape of Fishes’” duc to their
being the dominant form of life. The rivers and scas of that time
_were the habitat of many ancient types, -some of great size, un-
couth form, and covered with heavy armor, but the bony fishes,

" . yhich constitute 90 per cent of living forms, had not yet appeared.

Well-preserved remains of these ancient types have net, however,
been found in the Devonian rocks of New Jersey. Invertebrates
were present in great numbers and many kinds,—eorals, brachi-
opods, erinoids, trilobites and many others, Devonian time may
have lasted 50 million years. o

“In New Jersey the Devonian formations ovenr along Wallpack
Ridge in the upper Delaware Valley and in the Green Tond-
Greenwood Lake vegion in the midst of the 1lighlands. In the
former area they are of marine origin and are chiefly fossiliferous.
caleareous shale and limestone having a thiclmess of about 1,000
feet. They rest without apparent discordant structurc upon the
Manlius Jimestone, although cvidence in adjacent regions is not
lacking that a disconformity exists at this horizon,

In the Green PPond region they are chiefly sandy shale, sand-
stone and conglomerate, carrying comparatively few fossils and
measuring over 4,000 feet in thickness. Most ~of them belony

to higher stratigraphic horizong than the beds in. Delaware Valley.

Their relations to the older formatijons are not exposcd.

IN THE UPPER DELAWARE VALLEY.

Coeymans limestone_{Dne) —In the Nearpass section near Tri-
States, the Cocymans_limestone has an _estimated_thickness of 40
feet, only the lower beds being exposed. 1t i3 coarsely crystalline.
has many crinoid stems, and “is_minutely_rough_on_its weathered
surface, which_resembles that of a_coarse sandstone, Chert is more

or_less abundant_in the upper layers, The contact with the under-

lying Manlius is sharply marked and the formations are apparent-
ly conformable, but cvidences of a break in sedimentation at this
horizon have been recognized both in New York and Maryland.
and this fact creates a strong presumption that sedimentation did
not proceed without interruption in New Jersey. This presump-
tion is strengthencd by the following facts. ‘

At the base of the Coeymans Jimestone there arc concentrically
laminated stromatoporoids which may be masses of the underlying
Manlius stromatopora reef, broken off and incorporated in the
Coeymanas, A.at faunal change is found in passing from the
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Manlius to the Coeymans, due to the immigration of a new marine
fauna, probubly from the northeast, into the Cumberland basin.
The most characteristic speeies of this new fauna is the bivalve
shell Gypidula galeate. A coral hed at the base of the formation
contains more or less eompletely silicificd masses of a coral Favo-
sites Helderbergiae. The abrupt appearance of the new fauna,
the sudden change in the character of the limestone, the sharp line
of contact at the base of the Coeymans, all point to a break in the
sedimentation and a hiatus in the record at this horizon. We are
justified, therefore, in coneluding that there was a brief cmergence
at the close of Manlins time after which the sea again invaded the
northwestern part of New Jersey, bringing with it this new amd
abundant fauna, and giving opportunity for the deposition of the

. Ceeymans limestone,

Stormuille sandstone (Due).—In the sonthern haif of Wallpack
Ridge in New Jersey a thin sandy layer oceurs at the top of the
Cloeymans limestone. 1t is in general an inconspicnous formation
owing 1o its thinness and the heavy deposits of glacial drift. It
becomes miore comspicuous toward the south, and aceording to
White! it gradually replaces the overlying calearcous,and shaly
«trata in its sonthward extension in Pennsylvania until it occupies
the entire interval Detween the Cocymans limestone and the Or-

~iskany sandstone. It has not been recognized in the Nearpass sec-

tion near Port Jervis nor at any peint north of Ilainesville, New
Jersey,

This sandstone indicates that there was a shoaling of waters or
an elevation of the land adjacent to the area in whieh it oceurs,
as a resnlt of which land-derived sands and muds were deposited
in place of the limestone. _

New Scotland beds (Dne).—~The New Seotland beds that overlie
the Coeymans limestone in the Nearpass section consist of about 20
feet of very hard cherty limestone followed by a series of calcare-

~ ous shale having an estimated thickuess of 140 feet. Nowhere in

{he State is there cxposed a continuous section of these beds, as
is the ease with several of the lower formations. The fauna is
a prolific one and is especially characterized by the abundant rep-
resontation of the menus Spirifer. Its differenees from the Coey-
mang fanna are of such an essential charncler as to indicate a

separate immigration from the exterior into this region? but no

1 Second Geol. Survey of Penna. Report G6, pp. 132,:133.
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cvidence of interrupted deposition has been abserved, unless this
Ffaunal difference be interpreted as such,

South of Hainesville, as indicated above, a thin sandy bed
(Stormville) intervenes between the Coeymans limestone and the
New Scotland beds and gradually replaces the latter. At Flat-

" brookville, where these sirata cross the Delaware inte Pennsyl-
vania, the lower cherty limestone member of the New Scotland
beds has disappeared, and the Stormville sandstone contains a
fauna characterized by Spirifer macropleurus, a very abundant
New Scotland fossil,

The lithologie character of the New Scotland beds indicates . -

shoaler water and more land-derived material than in Coeymans’
time, while the fossils indicate the arrival of additional immi-
grants from distant regions—humble precursors of the later tide
of immigration which in recent years has added so much to the
population and industrial wealth of the State.

Becraft limestone (Dob).—A hard, gray, cherty limestone over-
lies the shaly layers of the New Scotland beds, forming e resistant
stratum that outerops at many places along Wallpack Ridge. It is
generally semi-crystalline and locally made up largely of crinoid
stems and broken shells, Its entire thickness is nowhere exposed,
but it is estimated to be about 20 feet. Its fanuva is closely allied
to that of the New Scotland beds, a few new forms appearing and
2 few old ones disappearing. There is also some difference in the
proportionate number of individuals of some species, notably of
Leptaena rhomboidalis, which becomes especislly abundant. The
bed is correlated with the Becraft limestone of New York. Im
New Jersey it is everywhere followed by a covered interval, se
that its relation to.succeeding formations is not shown,

The above three formations comprise the Helderbergian de-
posits, and are continuous with the same formations so well ex-
posed in the Helderberg Mountains southwest of Albany, New
York. On the whole, they represent a time of relatively clear seas,
swarming with abundant life, in which limestones of varying de-
‘grees of purity were depos:ted without much interruption, ex-
cept for the brief period represented by the Stormville sandstone,
when sand predominated in a limited area. .

Helderberg time was followed by a period of gradual fleoding,

"Lnown a& the Oriskanian submergence, during which the waters
of the Cumberland basin extended westward and the area of de-
position was greatly mcreased in that directlon, but at the same
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time it was restricted in the east by a gradual shoaling of the
waters in southeastern New York and New Jersey.

New Jersey, oeeupies the interval between the Beeraft limestone
and the base of the Oriskany. They are probably shaly beda that
disintegrate eastly and thus hecome covered with debris. Their
thiekness is roughly estimated as 80 feet. The only basis for their

correlation is their position which corresponds to that of the Port

Ewen (““Kingston”) beds of New York. In Pennsylvania the
same beds have been catled the Stormville shales by White.!

Oriskany_formation_(Dob) . —Strata aggregating about 170 feet
in thickness succeed the Port Ewen beds and are referred to the
Oriskany, For the most part they are siliceous limestone, but the
top of the formation aleng the southern half of Wallpack Ridge
becomes & sandstone, The sandy phase is said to become more
marked to the southwest in Pennsylvania and to embrace lower
and lower beds until all the strata -downward to the top of the
Coeymans limestone are sandstone. In New dJersey its contact
with the overlying formation, the Esopus grit, has not been ob-
served. ‘ )

In Maryland the lower part of the formation is a dark siliceous
shale containing many chert nodules, and the upper member is &
coarse limy sandstone. The formation is. continucus northeast.
ward into New York, where at Rondout it is a siliceous and sandy

limestone with some coarse sandstone and conglomerate beds snd -

a thickness of 64 feet to 76 feet.

The Oriskany fauna had its center of developmeut and disper-
sion in the Gaspé region, where it occurs through 800 feet of lime-
stone. Thence it migrated southwest along the Cumberland basin
following the Helderberg fauna, picking up some forms vn the
way and acquiring others on its arrival in eastern New York and
northern New Jersey.? Somewhat late in Oriskany time the west-

ward flooding permitted its extension to western New York and .

Ontario.

The fauna of the Oriskany beds in New Jersey comprises three
well-defined faunal zones, the lowest characterized by Dalmanites
dentaius, the second by Orbiculoidea jervensis, and tbe third by
the great abundance of Spirifer murchisons. In the Nearpass sec-
tion the beds bearing the Dalmanites deniatus fauna arve ahout 30

1 Second Pcnnsylvama Geol. Survey, Report G6 p 131.
3 Clarke, N. Y. State Museum Bulletin 52, p 666. .
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foet thick and form the ervest of a high ridge, which is the southern
extension of the “‘trilobite ridge’™ east of Port Joxvis, There is a
mingling of Ilelderbergian and Oriskanian forms in this fauna
and there has been some difference of opinioh as to whether these
beds should be placed in the Port Fwen or Oriskany, but recent
workers? unite in referring them to the Oriskany.

Esopus grit (Des) —The Esopus grit, which averlies the samd-
stone and siliceous limestone of the Oriskany, forms the crest of
Wallpack Ridge for the greater part of ifs exfent in the State,
It is a pearly black, gritty roek with well-developed cicavage,
‘whieh obscures the bedding planes. Where these planes can be
distingnished the markings of a seaweed (“‘eaudi galli””) whieh
grew there during this period ean be reeognized in many places.
- Apart from these markings fossils are very rare. The average
thickness of the formation in New Jersey is estimated to be 375
- feet, Tts contacts with the Oriskany below and with the Onondaga
limestone ahiove have not been obsecved in this State,

The Esopus. grit extends northeast into castern New York, be-
coming somewhat thinner in the Tludson River valley. Tt occurs
aiso in northeastern ’ennsylvania, but is abseut in western Mary-
land and adjacent portions of Peunsylvania. The Maryland region
evidently emerged at the closc of Oriskany time, but in New Jer-
sey and adljacent regions {he uplift which began with the ©riskany
caused only shallow water and the deposition of siliceons mud
{Esopus grit) on top of the carlier sandy limestone.

Onondagn Timesione_ (Dmo)~—~The Onondaga Hmestone overfies
the Esopus grit along the northwestern slope of Wallpack Ridge.
Toward. its hase the formation is somewhat shaly and there is ap-
parently a rather gradual transition from grit to limestone, which
latter is hard, cherty, and regularly bedderd in layers ranging from
3 to 12 inches in thickness. The formation is 230 to 250 feet
thick and it is assigned to the Onondaga because of jts position
angd lithology rather than on faunal evidence, sinee the recogniza-
ble forms are not sufficiently characteristic for elose corrclation.

The transition from grit to shaly limestone and thenee to beds
of purer limestone, points to & deepening sea and reeession of the
shore line, The wide extent of the Onondaga limestone—a forma-
tion that stretehes west througlt New York, north to Hudson Bay,
and south through the lower Mississippi Valley—indicates that

3 Shimer, N. Y. State Muscum Bulletin 80, pp. 175£
’\‘Vclh:r.I dac!, Survey of N. J, Palcontology, Vol III, p. 96; Shimer,
op. cit., P
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{his was a time of widespread submergcncﬁa and extension of the
interior Appalachian sea. ‘

“The fauna of the Onondaga period as a whole, with its note-
worthy ecoral, trilobite, cephalopod, and gastropod facies uncqual-
ly developed locally, is a complex congeries, largely from the
western reaches of the Appalachian guilf, but freely inoculated
with elements genctically from the northeast.”™ .

Marcellus shale (Dmo).—The Onondaga limestone iy succeeded
wpward by a thick mass of shalc and sandstone {Mareellus and
Hamilton). With the shoaling of waters indicated by these sedi-
ments, the Onondaga fauna withdrew westward and was sup-
planted by one better adapted to the shallow sediment-laden
waters in which the sneeeeding beds were laid down, Fissile black
shale referable to the Mareellus has been reported to occur in New
Jersey along the bed of Delaware River a few miles below Port
Jervis, but in recent years the exposures have apparently been
Luricd by the silting-tp of the channel. This is the highest of the
Devonian heds exposed in the State along Delaware River, but in
the Green Pond Mountain area there are several younger forma-
t‘ions.

IN THE GREEN POND MOUNTAIN AREA,

General statement—The, Green Pond Moumtain arca lies 23
tailes southeast of Wallpack Ridge and henee nearer the shore of
the ancient eontinent of Appaiachia. Folding and overthrust
faulting has greatly compressed {he rocks of the intervening
region, henee in Devonian time the two were further apart than
at present, and the Green Pond region lay relatively nearer Ap-
palachia than the present distance separating these fwo arcas of

sedimentation would imply. Tt might, therefore, have been a land '

area during periods of clevation nt the same time that the Wall-

pack region was reeeiving sediments, or it may have been & narrow
separate basin,  In cither event, it is to be expeeted that the De-
vonian formations found in this region wounld not correspond ex-
actly to those of the upper Delaware vailey, and this is the case.

None of the Silurian formations above the Deeker limestone has
heen recognized in this region (p. 56) but sinee the Cobleskill,
Rondout and Manlius are present in its northern extension at
Idiewild, New York, thin representatives of these formations may
oceur in New Jersey, particularly as a eontinuous section is no-
where exposed. The same is true of the lower Trevonian forma-

-~
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tions, the Coeymans, New Seotland, Beceraft, Port Ewen, Oriskany,
and Esopus beds, since some or all of them ocenr in Orange Coun-
ty, New York. IHowever, on the whole, the weight of evidence
favors the view that the Green Pond-Greenwood Lake area became
land late in the Silurian and continued as such during a portion
of lower Devonian time, During Onondaga time, however, the sea
invaded the region and sandy sediments were laid down, forming
. the Kanouse sandstone, T
Kanouse sandstone (Dkn) —The Kanouse sandstone is a thick-
bedded, fine-grained_conglomerate below and a greenish sandstone

above, having a thickness of about 215 feet. Although fossils are
not rare, as a rule they are obscure and many of them are so
greatly distorted that their identification is impossible. So far as
recognized they indicate an Onondaga fauna, and these beds may
be interpreted as the shoreward correlatives of the Onondaga lime-
stone. In earlier reports of the Geological Survey of New Jersey
(190}, to 1903) this formation was called the ‘‘Newfoundland
" grit.

Its outcrops form a narrow belt parallel to the Decker lime-
stone but slightly separated from it. In the upper Delaware Val-
ey, as noted above, there are seven formations aggregating nearly
900 feet in thickness between the Decker limestone and the Onon-
daga. In the Green Pond Mountain region none of these seven
has been recognized, and if any of them is present at all it can
only be in a very attenuated form. o
. Cornwall (Peguanac) shale (Dbp).—The Kanouse sandstone
is succeeded upward by a black and dark-gray, thick-bedded, slaty
shale (the ‘‘Monroe’’ shale of Darton and others, the ‘‘Pequanae”’
shale of the geologic map and some earlier reports). Cleavage is

 generally strongly. developed. so that the bedding planes are not
everywhere readily discernible. The thickness is estimated at
1,000 feet. The formation is probably conformable upon the
Kanouse sandstone but the contact has nowhere been observed.
‘Weller regarded this formation as Hamilton because of the occur-
rence in it of Tropidoleptus carinotus, then supposed to be a char-
acteristic Hamilton species. Bradford Willard writes! ‘“The fos-
sils of the Cornwall shale indieate that it is probably of Onondaga
age or more precisely a correlate of the Esopus of the Delaware
Valley. Schuchertellea pandora is an Onondaga species as is also

Anoplotheca aeutiplicata. So far as I know, Dalminites anchiops

1 Personal communication to the author, Dec., 1939,

.
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is also confined to the Onondaga group. I have reported Spirifer
andaculus doubtfully from the Onondaga paint ore in Pennsyl-
vania and found Tropidoleptus in the Needmore shale of Esopus

age in central Pennsylvania as also Palacgncilo emarginate. 1

feel very doubtful if the presence of Tropidoleptus carinatus
should be taken as indicating the Hamilton age of the Cornwall
shale.”’ -

Bellvale sandstone_(Dbp)—The Bellvale sandstone is scarcely
raore than a continuation upward of the Cornwall {Pequanac)
shale, but the beds are coarse and more sandy. The average thick-
ness is estimated at 1,800 feet.* The few fossils that are found
are all “‘Hamilton’’ species, Hartnagel' thinks the higher beds
are probably as late as Portage, but Willard (personal communi-
eation) is inclined to regard the Bellvale as Marcellus or in part
equal to the Skaneateles of New York. :

Shkunnemunk_conglomerate (Dsk).—The Bellvale sandstone is
succeeded upward by a coarse purple-red, massive conglomerate,
the white quartz pebbles of which are in places as large as 6 or 7
inches in diameter. Beds of red guartzitic sandstone alternate
with the conglomerata and there are many gradations between the
fwo. It forms the great mass of Bearfort Mountain in New Jersey
and of Belivale and Sknnnemunk mountains in New York. It is
the youngest Devonian formation in New Jersey.*

GEOGRAFHIC CHANGES,

At the close of Onondaga time there was a shoaling of the gea
and an incursion of land-derived sediment due to the broad up-
lifting of the old lands of Appalachia to the southeast and Aecadia
to the northeast. The movement continued through the rest of
Devonian time with apparently increasing intensity. It was less
marked in the south than in New England and the maritime
provinces of Canada, where it was accompanied by folding of the
strata and voleanic activity.

In the upper Delaware Valley the black mud of the Mareellus ; -

shale succeeded the limy coze of the Onondaga, but in the Green
Pond region which was nearer the old shore Jine conditions were
not at first so greatly changed, and the Cornwall (Pequanae)
shale followed the Kanouse sandstone. However, the growing
uplift of the bordering land greatly inc¢reased the erosive powers
of the rivers and great quantities of mud and sand were carried

1Education Department, State of New York, Handbook 19, 1912, p. 69.
2 Prosser regarded it as Portage on the basis of its plant remains,
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‘down and depesited in the shoaling waters of the retreating sea,
and on the emerging delta lands adjoining,  With the gradual
sinking of the belt of sedimentation beneath these deposits, per-
haps beeause of their weight, they acennmlated in Maryland, cast-
ern Pennsylvania, New Jersey and southicastern New York to a
maximmm thickness in places of 10,000 to 13,000 feet, the great-
est thickness being found in Pennsylvania.  The Bellvale sand-
stone and the Skunnemunk conglomerate, which now make np the
mass of Dearfort Mountain west of Greernwood Liake, represent a
portion of the deposit of this peviod,—apparentiy part of a pied-
mont gravel plain that Jay between the flat delta sucface further
west and the highlund of Appalachia on the southeast, a plain
formed by the deposits of numerous streams that built a series
of alluvinl cones or fans along the base of » mouniain mass, The
great thickness and coarseness of the Skunnemunk conglomerate

_imply Iandd of high relief and rivers of strong grade coming down

from elevated tracts thiat lay off the present Atlaitie eoast.! The

area of its present occurrence in Bearfort Mountain docs not of

course represent its oviginal extent. 1t onee covercd all of north-
- ern New Jersey and wag perhaps continnons nerthward with
~ the coarse sandstone and conglomerate beds of the Catskill Moun-
tains, Its present restricted outerop is due {o the folding at the
close of the Paleozoic erl and to the cnormous erosion which ali
of northern New Jersey has suffered sinee that time,

CArRBOMIFEROUS PERIOD,

New Jersey, o land area.~—The -later Palcozoie history of the
State cannot be read from the sedimentary record now preserved
within its borders. The region beeame a land_area in late De-
vonian time and possibiy no part of it was again_submerged dur-

ing the Carbomiferous period, Tn closely adjoining portions of
Pennsylvania, hawever, during Mississippian or Subcarboniferous
time a great thickness of eonglomerate, sandsione, and shale (1he
Poeono and Maueh Chunk formations) acenmulated in the shal-
Jow borders of the interior sca and in part perhaps upon adjacent
lowlands, In the northern anthracite arca of Pennsylvania, 40
jniles norcthwest of New Jerscy, these formations have a thickness
of 1,200 feet, The sedimenis were washed down from the high-
lands of Appalachia to the cast, which doubtless included most

—_ . T
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of New Jerscy, but it is quite possible ‘that the morthwestern
border of this State received similar sediments during a part of
this time, probably upon coastal plains bordering the sea that lay
off to the northwest. If strata of Mississippian (Subearbonifer-
ous) age were ever formed within New Jersey, however, they have
been entirely removed by subscquent erosion. Rencwed emergence
of the land, which greatly restricted, if it did not entirely obliter-
ate, the eastern interior sea, brought this period of deposition to
a close.

In Pennsylvanian (Upper Carboniferous) time a return of the
sea is shown in neighboring parts of Pennsylvania by the Potts-
ville conglomerate (200 feet thick) formed over wide areas by the
deposits that accumulated along the advancing shore line
Above this lics a great sueceession of beds of shale, sandstone,
conglomerate, and limestone, with oceasional beds of coal.” These
are known as the Coal Measures and their eroded remnants in
the northern anthracite basin still have a thickness of 1,800 feet.
They show that the shallow interior sea was repeatedly succeeded
by lowlying, poorly drained lands, with numerous extensive peat
,swamps, which in turn were resubmerged so that Iparine condi-
tions were again established. This alternate advance and retreat
of the shore line was far-reaching and many times repeated dur-
ing Pennsylvanian time, and marine waters or the coal-forming
swamps may have oceupied the nearer portions of New Jersey
from time to time; but, if so, all traces of the sediments and coal
beds, which would preserve the evidence of such ocenpation, have
been removed by the vast erosion to which this region has been
subjected since the Carboniferons period.

. ‘ PerMiaN PERriop,

The Appalachian_revolution.—No Permian n formations_occur in
New Jersey. The nearest are in western Pennsylvania and it is
not at all probable that deposits of this period ever extended as
far east as New Jersey. During the long lapse of Paleozoic time
the region of the interior séa, west of Appalachia, and partienlarly
the eastern part of it, although many times uplifted into dry land,
had been on the whale & region of subsidence in which sediments
many thousand feet thick had accumulated, TFinally came the
uplift that followed the deposition of the Pennsylvanian series of
the Carboniferous and raised the surface of the entire region above

’JOSchJ'arrc!f, American Journal of Science, Vol, XXXV 1913, pp.
445, 466, ' NEW JERSEY

i i mtain-folding mgugment, that
(‘QG@AL SURyEER level. ‘This orogenic or mountain g ,
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eventually resulted in the formation of the Appalachian Moun-
tains, had probably begun as early as the middle of Carbonifer-
ous time, and '‘toward the end of the Carboniferous there was in
. the low-lying Appalachian coal field a-stowly progressive move-
ment of elevation, resulting in the draining and drying up of most
of the region over which the peat bogs had been extended. The
movement spread east, north, and south, leaving in the widdle of
the region a smaller arca in which the conditions of the coal meas-
ures continued very much as before. .

“At the end of the Lower Permian the entire series of the
coal measures east of the Mississippt River was clevated and the
deposition of strata apparently ended, theugh therc is no way of
determining exactly when this elevation took place, nor how
great a thickness of beds has bLeen removed by denudation since
the upheaval.’’ (Seott). This movement differed frem all

former elevations of this region in the mode of its accomplish- .

ment and the permanence of its results. Under the influence of
horizontal compression the thousands of fect of sedimentary sirata
.in this and adjoining regions, together with the pre-Cambrian floor
on which they rest, were bent into great mountaiv-making folds
(Figs. 2, 4}, and the whole folded belt was thus squeezed into an
area many miles narrower than it had been before. There was a
corresponding bulging upward of the compressed region, and the
growing young Appalachians may onée have rivalled the Alps in
height and ruggedness, This, however, depended upon the ratio
between the rate of uplift and the rate of downwear under ihe
vigorous attack of the forces of denudation.

The great mountain folds or wrinkles extended in a northeast-
southwest direction, and many of them wers pushed over some-
what toward the northwest so that their axial planes are generally
inclined more or less steeply to the southeast. Along lines of
struetural weakness the strata were elosely folded, fractured, and
overthrust along great fault planes, which were themselves in some
‘piaces involved in the later movements and shacply folded (Fig.
7). Cleavage was developed by the compression of the finer-
grained rocks, giving rise to slate swhich is of considerable
economic importance in some regions.} (p. 63).2

The disturbances were greatest to the southeast, as is shown
by the fact that the Paleozoie rocks in this region are more dis-
torted in the small areas southeast of the Highlands than in the

t Some of the staty cleavage is due to folding during the Taconic revolu-
tion late in the Ordovician (p. 78). :
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Kittatinny Valley. Further northwest the compression was much
fess snd the strata in northeastern Pennsylvania were merely up-
lifted and thrown into broad wave-like undulations, which be-
come gentler and gradually die out westward. This great series
" of movements, involving compression, folding, faulting, and uplift,
began in Pennsylvanian time but took place chiefly in the Permian
period. It has been variously called the Appalachian revolution
and the post-Pennsylvenian or_ post-Carbonifercus deformation,
and its completion marked the close of the Palcozoic era.}
17t is mot everywhere possible to differentiate between the late Ordo-
vician folding (Taconic) and that of the Permian. The greater distortion of
the carly Paleozoic formations southeast of the Highlands may be due in

part to the earlier movements. No {olds, however, which involve Silurian
" and younger rock can be ascribed to the Taconic disturbances.

ety

t

CIIAPTER VI.

. ' MESOZOIC ERA,

. Qeneral statement~-The Mesozoie era is divided jnto the Tri-
assie, Jurassic, and Cretaccous periods, the latter being often di-
vided into an earlier (Comanchean) and later (Cretaceous)
period. Although of very long duration, it was only between one-
half and one-third as long as the Paleozeie, or 135 to 175 million
vears, if recent estimates are to be accepted. Its life was char-
acterized by the great development of reptiles. ‘‘They filled all
the roles now taken by birds and mammals; they covered the land
with gigantic, herbivorous and carnivorous forms; they swarmed
in the sea; as literal dragons, they dominated the air.” {Scott).
During this era, the mammals and birds began to emerge from
reptilian stock.
In New Jersey the Mesozoie is represented by formations re-
ferable to the late Triassic and the Upper Cretaceous periods.
"Phey extend across the State in a broad zone from northeast to
southwest, and underlie the Piedmont Plain and inner portion of
,the Coastal Plain. Their original extent was of course .much
“greater to the northwest and on the southeast they 'pass benesth
younger formations, '

PriAssIC Periop (NEWARK (IRoUP),

General character.~The rocks of thé Newark group sre chiefly
if not wholly of Triassic age. They extend from the Hudson south-
west through New Jersey, Pennsylvania, Maryland into Virginia,
and appear in detached areas in Nova Scotia, Massachusetts and
Connecticut, Virginia, and North Carolina. The belt in which
they occur is, therefore, over 1,000 miles long, but the existing
areas of Triassic rock are now widely separated and may never
have been directly connected throtigh the whole length of the beit.
The Trias compriscs both sedimentary and igmeous racks, the
former chiefly shale and sandstone with some conglomerate, the
latter extrusive basalt and intrusive diabase.

In New Jersey they occupy the broad Piedmont belt southeast
of the Highlands and extend diagonally across the north-central
portion of the State (Pls, I, TI} in a northeast-southwest zone,
their southeastern margin being approximately a line drawn from
Trenton to Bayonne.

(101)
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SEDIMENTARY ROCK.

Structural velations.—The Trias rests unconformably upon the
early Paleozoic and the pre-Cambrian crystalline rocks along the
southeastern margin of the Highlands. The scdimentary members
are composed in part at least of material furnished by the erosion
of the Devonian and older Paleozoic_formations which formerly
govered the Highlands as well as of the erystallines themselves,
Hence they are considerably younger than the youngest of their
constituent materials, They are in part overlapped by beds of
Cretaceous age, which rest upou their heveled edges. Hence a very
considerable period of erosion separates them from the next over-
jying formation. The structure i3 chiefly monoclinal, the strata
being_inclined at_low_angles toward the northwest, but locally
broad shallow folds have been developed. The beds are broken by
many nearly_vertical faults, the gmount of dislocation varying

U S

-from & few inches to several thousand feet,

The sedimentary rocks are sparingly fossiliferous, footprints of
reptiles, & few species of fish, a small crustaccan, and a few re-
“mains of land plahts being the chicf elements. The formation is

generally considered to be of late Triassie age, and by some the .

upper parts s are regarded as Jurassic; hence the name Jura-Trias,
by which the Newark group as a whole is often called. On the
basis of lithologie character the strata in New Jersey have been di-
‘vided into three parts, as follows:
" Stockion formation (Trs) —The Stockton beds at the base of the
Newark group in New_derscy._consist of light-colored arkosic sand-
‘§_t,qa§_agdh¢_qyglgr,nﬁ;:a.tgﬂ.i;h,.intgrbQ@d&d.,z@sl;ag;.l_s._tg,np_,a_n_d._sh,a_lg.
The thickness is estimated at 2,300 to 3,100 feet. (See “Sand-
stone,’;m}-)f-iS'?‘). The material of which they are composed was
derived chiefly from the disintegration of crystalline rocks and
came from the southeast. Weil-rounded guartz pebbles an inch
- or more in Qiameter are not uncommon at some horizons.
" Lackatong_formation (Trl) —The Lockatong beds overlie the
Stockton and consist of black shale,_hard, massive, dark argillite,
' flagstone, and, in 8 few places, very impure thin limestone layers.
The formation has_an. estimated ‘thickness of 3,500 feet. (See
& Argillite,”” p, 187). ' -
" Brunswick _formation (Trb)—The Brunswick beds are ehiefly
_goft red shale with_some interbedded sandstone, which becomes
ndant.and, on the_ somewhat_coarser,_toward_the

more abundant-and, on the whole,
hickness has been estimated at 6,000 to 8,000 feet,

e L e it m e o ot o e e Dt et

northeast, Iis
. peing equal to, if pot greater, than the combined thickness of the

I
H

7
0.

other two divisions, Morcover, its wide ﬂrealI extent, due to iis
thickness and repetition by faniting, makes it the most conspicu-
ous of the Triassic formations and gives the impression that these
rocks are all soft red shale, with only an occasional layer of pur-
ple, green, yellow or. black shale—a conception which overlooks
the Stoekton and Lockatong formations. The uniform presence
of finely digseminated mica in.the Brunswick shale as in the Stock-
ton_formation_indicates that the sediments were largely derived
from the disintegration of the pre-Cambrian crystalline rocks and
came from the southeast. )

. Barder _gg_ng"lgpgp_r;@.g.g"(fl’rc1.—-—‘130(13 of conglomerate occur at a
number of localities_along the morthwest border adjoining the
Highlands and there replace the beds of the preceding divisions.

MESOZOIC ERA

Locally_well-rounded boulders a_foot or more in diameter occur
in_these beds, which represent the fan-like accumulations formed

by _heavily-loaded streams of high velocities, where they debouched
upon a low plain. An excellent section_through the flank of one
of these deposits is exposed in the bluff along the Delaware River
2 miles above Milford.

. These massive congiomerates which are believed to indicate the
1dcation of Trias streams which emerged from the northwest high-
lands onto the inter-mountain valley, are of three somewhat di-

“.verse typesi—(a) those predominantiy of well-rounded quartz-

ite and hard sandstone pebbles and boulders, (b) those predomi-
nantly of limestont fragments, many of which are sharply angun-
lar, and (c¢) those containing a high pereentage of granite and
gneiss. There is some commingling of pebbles but on the whole
the different types are sharply differentiated.

The caleareous conglomerate is most extensively developed north-
cast of Annandale and Lebanon, and north of Suffern, N, Y.
The chief exposures of gneiss conglomerates are between Mont-
ville and Pompton Plaips. There are extensive areas of the
guartzite conglomerate, northwest of Milford, south of Patten-
burg, near Peapack and on Mount Paul. -

In addition to these arge areas localized along the northwest
border, there are numergus areas, particularly in Bergen and
Passaic counties, where lenscs of conglomerate and pebble-bearing
sandstone oecur interJeaved with the finer beds of the Bruns-
wick series. Granite and gneiss pebbles in these beds are con-
spicuous by their absence.

The comparative absence of granitic pebbles in these border con-
glomerates except north of Montville and the wide extent of the

NEW JERSEY GEOLOGICAL SURVEY
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quartzite-sandstoné conglomerate indicate that in Triassic time the
erystalline rocks now everywhere exposed in the New Jersey High-
lands must have been for the most part thickly covered by Paleo-
zoic beds—quartzite, sandstone, slate and limestone—and that in
only a few smalil areas had the streams of that period cut down
into the underlying granitic and gneissie erystallines. On the other
hand the widespread distribution of arkoesic material in the Stock-
ton beds shows the highlands bounding the Triassic lowland on the
cast were deeply covered with disintegrated granitic material.

Ripple marks, mud cracks, and rain-drop impressions occur at

many horizons through the entire formation, In some quarries
* impressions of leaves and stems of land plants are not infrequent-
1y found, On various layers the rock shows the footprints of
reptiles which wandered over the soft mud flats while these beds
were in process of accumulation. In the vicinity of Boonton fos-
sil fish have been found in sueccessive layers in such large numbers
st practically one horizon as to call for a special explanation for
their sudden mortality at frequently recurring intervals (p. 107).
Cross-bedding, or plunge-and-flow structure, and rapid variations
of texture in individual beds are common features of the coarser
sediments, : . . .

The character of the sediments gives the clue to the conditions
of their formation, but before dlseussing the geographic conditions
under which they were formed, another type of rock associated
with these beds mnst be described.

ASSOCIATED IGNEOUS ROCKS.

Eztrusive basalt.~—Interbedded with the sandstone and shale are
three great sheets of basalt, each of which is made up of two or
more thinner sheets, is conformable to the bed of shale on which
it rests, and is in turn overlaid by other beds of shale or sand-
stone, which conform to the inequalities of its upper surface. The
shale and sandstone beds above the lowest basalt flows measure
zbout 600 feet and those above the second group are about 1,200
feet, while those between the individual lava flows range from
nothing to 100 feet. The trap rock is very hard, fine-grained, and
of a dense texture, and was formed by the cooling of great masses
of lava which during three or more periods of voleanic eruption
spread widely over the region, each scries of flows burying it to a
depth of 600 to 800 fcet where the sheet was thickest. At present
they cover an arca of approximately 500 square miles (although
not evgrywh
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was unquestionably much greater, Sinee this rock is harder than
the enclosing sandstone and shale, the onteropping edges of these
sheets now form narrow, sharply-marked ridges—the Watchung,
or Orange Mountains,

Intrusive digbase—A fourth great mass of rock, chemieally -

identical with these, but of coarser texture and somewhat differ-
ent structure, forms the great Palisade sill of diabase which bor-
ders the Hudson from Haverstraw, New York, south to Bergen
Point and reappears as isolated ridges in Mercer aud Hunterdon
counties {Rocky Hill, Sourland Mountain, et al).

This mass of igneous rock breaks obliguely across the strata in
many places. Its relations to the enclosing beds, the *‘baking” of
the adjacent shales both above and below, the partly fused masses
of shale locally engulfed in it, and the strinpers of diabase which

here and there extend out from the main mass into the shale both
above and below, combine to demonstrate that this is an intrusive -

mass of lava, forced between the sedimentary beds probably to-

,ward the close of the Triassic period. Buried at a great depth, it

cooled slowly, forming a relatively coarse-grained rock, and
“*bpked’’ the adjacent strata for a thickness of 100 feet or more
above and below. Its maximum thickness is probably in excess of
1,000 feet. .

Both the basalt and diabase are commenly known as ‘‘trap”
rock, and are extensively quarried at many points, the crushed
stone being used chiefly for eoncrete and road metal. Locally,
copper ores occur in the shale immediately underlying the lowest
of the three overfiow sheefs. : .

With the characteristics of both the sedimentary series and of
the associated trap rocks clearly in mind, the geographic.conditions
undez which they were formed can now be considered.

GEOGRAPHIC CONDITIONS.

Pre-Triassic erosion—During the crumpling and uplifting of
the Appalachian folds, and through much but not all of subse-
quent time, both the Highlands and the Appalachian Valley belt
have remained dry land, and the higher portions have in every
period been subjected to varying degrees of erosion. During the
closing stages of the Paleozoic era, particularly in the Permian
period, the young and rapidly growing Appalachian Mountainy
were attacked with vigor by the elemental forces of destraction,

xposed at the surface), but their former extent .. -oocy (’OGlc AL sophich continued to wear them down far into the Trias.period.
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_before the deposition of the Newark sediment began on the lower
land to the southeast. When deposition commenced, the whole
area now oceupied by the Newark beds, and at least the ad)jacent
. portions of the present Iighlands had been worn down almost to
" a smooth plain, developed on the beveled cdges of the folded and
faulted Paleozoic strata, as well as the older pre-Cambrian rocks.
Such a worn-down surface which approaches & plain in its
topography is called a peneplain. -

.Further northwest the Permian Appalachians may have re-
tained something of their mountain elevation, although beyond
all question they were greatly reduced from their original height
and may have approached a stage of planation. -

ﬂjnassic deposition—Sometime after the beginning of the Tri-
assic period, however, a wide-spread carth movement affected the
eastern region, perhaps a late manifestation of the same orogenic

) forces to which the mountain foids owed their origin. As a result
the old lands of Acadia and Appalachia on the southeast and the
new monntains on the northwest were broadly uplifted; while the
belt between was relatively depressed even though it may have
participated in the upward movement. A scries of intermontane
basins, perhaps not continuous, was thus formed which extended
from Nova Seotia to North Carolina, The present Piedmont region
of New Jersey formed the morthern end of ome of these basins
which extended southwest across Pennsylvania and Maryland., In
it the sediments washed from the higher region on the southcast
began to accumulate. Some of the characteristics of the sediments,
particularly their prevailing red color and the general absence of
. orggnic matter, scem to point to a dry climate in which oceasional
torrential 1_-ains brought down the debris from the higher lands and
spread it in broad alluvial fans upon the adjacent plains At

_’Sec Annuval Report of the State Geologist for 1906, pp. 97-129. The
evidence for this view is alse well swmwmarized by Schuchert in a discus-
sion of the Newark strata of Connecticut, which are in every way comparable
to those of New Jersey., He says: "“None but animals and plants that
m}mbn the land are here scen, and when these are considered in connection
with the.exccedzngly common sun-cracked layers of mud, fess frequent
raindrop impressions, local accumulations of semiirounded bowlders, and the
nearly constant lens-shaped bedding of the imperfectly assorted sands and
conglomerates between the muddier layers of wider areal extent, the evi-
dence is positive that the Newark series is fluviatil in nature and must be
eliminated from tarine deposits and Triassic seas.)” (Bulletin Geol. Soc. of
American, vol. 20, 1910, p. 438; also compare pp. 578, 579). ) )

. It is to be noted further that favorable conditions for mud-cracking
over wide areas are found only in playa basins and upon the subaerial portiens
of d_e(;zas.b'where_ .':lll pafrls_ are al(t&mately covered by water and by air for
considerable periods oI timne, ompare Jose B i
Science, Vol. xxxvy, 1913, p. 438). pare Joseph Barrell, American Jour.

MESOZOIC ERA N7

many points along the northwestern border of these plains, where
swift streams debouched from the adjoining Highlands, beds of
coarse gravel composed chiefly of quartzite and limestone were de-
posited and formed wide-spread alluvial fans, but the bulk of the
sediment seems to have come from Appalachia to the east. Rep-
tiles, some of them of gigantic size, travelled across the soft mud
flats, perhaps on their way to widely separated drinking pools,
and left as a record of their progress many footprints, which
in some places are perfectly preserved in the strata. Slabs measur-
ing 1,700 square feet from a quarry near Towaco, Morris County,
show the footprints of 12 diﬁerent‘species, some represented by
several prints, and are now preserved in the Museum of Rutgers
University. The large number of tracks within so small an area
indicates an assemblage of individnals such as might occur around
a water hole in an arid country. -

Under the steadily inereasing load of sediments and the con-
tinued action of the forces that were warping the surface of the
land, long northeast-southwest belts of the Piedmont region in
New Jersey and neighboring states were gradually carried down
by faunlting and folding in narrow trough-like depressions. Con-
currently with these movements of depression the incipient basins
were being continually filled by the deposition of sediment, which
this attained great thickness ‘along these parrow belts. Con-
siderable material was supplied from the lands to the northwest,
as shown by the quartzite conglomerates, but the gneisses and
granites on that side were not then exposed to erosion except very
Jocally, and the great bullk of the feldspathic and micaceous sand-
stones that make up so much of the Newark rocks must have come
from higher lands that still existed to the southeast.

TFrom time to time surface depressions were doubtless formed
on the low plains of accumulation, sufficicnt to guide the courses
of streams and to contain local shallow lakes and ponds. Some of
these existed long enough to be populated with fish of various
kinds, the fossil remains of which have been found in great num-
bers at a few localities, notably mear Boonton. Here in excava-

tions for the Jersey City reservoir large numbers were found at -~

several horizons through a thickness of two or three feet. Their
abundance at successive horizons point to the periodic drying up
of a land-locked bay, with eonsequent death of the fish, and the
restocking of the area when the rainy season restored the lake to
its normal height. In the Piedmont of Virginia and North Caro-
Jina, Triassic swamps gave rise to accumulations of vegetation that

" NEW JERSE\YﬁGEOLOGICAL SURVEY
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are now represented by thin beds of coal, but these did not exist
in the New Jersey regiom. ‘ '

The aceumulation of the enormous mass of sediments, of which
the existing Newark beds are only a remnant, was attended by a
corresponding denudation of the bordering uplands, particularly
on the southeast, so that at the close of Newark time these lands
were much reduced in height. _

Vulcanisn.—The later portion of this period of deposition was
one of great volcanie activity in New Jersey. Three or more pe-
riods of successive ernptions resulted in the flow of thick and ex-
tensive lava sheets across the unconsolidated sediments, each erup-
tion being followed by a quiescent period during which sedimenta-
tion proceeded as before and the lava flow was buried. The times
between the three preat stages of activity were long enough to

permit the aceumulation of about 600 and 1,200 feet of sediment,

while the time between the individual flows of each stage, was long
enough only for the deposition of a few inches or fect of sediment.

At a later period a portion of the molten magma that failed to

reach the sarface was intruded between the strata as an extensive
sheet of somewhat irregular outline, forming the great Palisade

- gill, which stretches beyond the boundaries of the State both to the

northeast and to the southwest, and has a maximum thickness in
excess of 1,000 feet, Fissures in the strata were also filled by
sheets of upwelling lava which solidified into thin vertical dikes,
many of which are offshoots of the great intrusive sill. The in-
trusion of the diabase caused many local disturbances of the strata,
partly by flexures and partly by dislocation, especially where the
igneous rock increases in thickness or breaks across the beds from
one horizon to another. »

The extrusive flows are naturally conformable to the surface of
the sediments over which they flowed, while the overlying shale
layers fit into all the minor irregularities of the upper surface of
the lava. As the Java cooled its upper surface congealed and in-
numerable bubbles of steam and other gases were trapped in the
upper part; hence_this scction of a flow is_porous_and spongy,
while the lower part is fine-grained and dense. Where the dense
Jower part of a later flow mow rests on the porous, spongy por-

_ tion of an underlying sheet, the evidence of successive flows at
. separate intervals of time is comclusive. If beds of shale sep-

araie the two flows a time interval between them is indicated
proportionate to the thickness of the intervening shale. An excel-

1ent‘illl.ati0n of this relationship can be geen in a road ept.on . G.é GICAL SUR\RFigin must not be overlooked (pp. 78, 95).
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Central Avenue, North Caldwell, just soutfl of the Green Brook
Country Club,

The relations of the overflow sheets to the underlying shale are
well shown in many of the quarries at and near Paterson and par-
ticularly in the large quarry at Upper Montclair.

In contrast with the extrusive lava flows, the rock of an in-
trusive flow like the Palisades is coarser-grained because it cooled
slowly at a great depth below the surface; the adjacent sedimen-
tary beds are more or less altered in color and hardness by con-
tact for a long period with the molten roek; the intruded sheet
is not necessarily conformable to the inclosing strata but usually
cuts across the strata in greater or less degree. Masses of the
invaded rock may be and usually are broken off and engulfed by
the intrusive mass, and tongues from the latter may penetrate
both the overlying and underlying sediments. All of these char-
acteristics are shown at many localities along the base of the Pali-
sade Ridge—partieularly near the George Washington Bridge.

'The flows and intrusive sheets, in their present eroded and some-
what reduced_eondition, are restrigted to the arveas of the Newark
s_ugl_i;nﬁgp_tg,_b_uj:ﬁ_a_f_e_w__dilg@g_q_f_ simjlar_character that,cut the ad-
joining_gneisses to_the northwest probably also belong to_this
@0:1 of igneous activity, So, too, the nephelite-syenite mass (ns)
along the contact of the Martinsburg shale and the Shawangunk
conglpmeggte:_ west of Beemerville in Sussex County, and the
nEg}LlJ_gégqg_djlcggwgnd breecias, as well as the basic dikes about

Hamburg, Franklin Furnace and adjacent localities may date
from tﬁfs-b-e-rfod.‘ ‘

No data are at hand to determine whether these Triassic lava
flows originated from & volcanic vent, or whether they are of the
nature of fissure flows. In northern Sussex County 114 miles west
of Libertyville, a circular hill of trap rock, a quarter of a mile in
diameter, in which are included many fragments of granite, slate,
and limestone, presents some characteristies of a voleanic plug, the
trap rock with the included fragments representing the lava which
solidified deep in the throat of the voleanic conc which may once
have marked this site. This vent is, however, so far removed
from the great lava flows of the Newarle series, and so small in
comparison with them, that it ean hardly be regarded as their
source. The fissure or throat up which these floods of lava came

1 The possibility that these Sussex County intrusions may have an carlier
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more probably lies beneath the parts of the sheets not yet exposed
to view, :

Post-Newark faulting and eresion.—The period of Newark sedi-
mentation was at last brought to a close by the formation of and
movement along a scries of northeast-southwest fractures which
divided the earth’s crust into a succession of long and narrow
blocks. These were tilted to the northwest, thus producing the
faulted monoclinal structure with low northwest dips' which now
characterizes these beds. .

The monocline gives place to shallow local folds in some portions
of the region, especially in the Passaie Valley west of the Watch-
ung Mountains, where a gentle downward warping has formed a
broad, shallow, platter-shaped syncline, the crescent-shaped out-
crops of the great basalt flows which form the Watchung Moun-
tains being due to this cause. - Further south near the western
margin of the group the shape of the smaller trap sheets near
New Germantown and Sand Brook is due to local undulations (See
sections AA, BB and CC at the bottom of the large geologic map).

The movement which took place along_the fracture planes be-
canse of the tilting of the blocks is in many instances to be meas-
ured in hundreds and in some instances in thousands of feet, but
it is not to be supposed that this was the result of a single catas-

trophic movement. On the contrary it was prolonged through a
period_inconceivably long from the human standpoint, although
geologically brief, and during_ its_progress the uplifted edge of
each tilting block was_being eroded,-

The two most important of these faults trend in a northeast.
southwest _direction, nearly parallel to_the strike of the strata,
through_Hopewell_and_Flemington respectively, Since the tilting
was to the northwest, the downthrow is on_the southeast side in
all except a few of the minor dislocations. The greater part of the
northwestern boundary of the Newark area, along the border of
the Highlands, is also formed by a series of northeast-southwest
faults, with a strong downthrow on the southeast. Some of these

" faults appear in section CC at the bottom of the State geologic
map, and their cffects in displacing the strata and in some places
producing a repetition of the surface outerops of the formations
are among the most pronounced characteristics of the section.

The fracturing and faulting were not restricted to the present
area of the Newark formations in New Jersey and adjacent states,

1In Conncgticut the dip is eastward.
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but affected also the adjoining regions to the northwest where the
Appalachian folds and overthrust faults of the post-Pennsylvan-
jan deformation are cut by normal faults that are probably re-
ferable to the close of this period, The old land of Appalachia on
the southeast may also have been involved, for either at this time
or during the long period of erosion which followed in the Jur-
assic period, there occurred its depression and final disappearanee,
and the near approach of the Atlantic Ocean to its present shore
line.

The duration of Triassi¢c time has been estimated by Barrell at
35 to 45 million years. *

Jurassic PERIOD,

General statement —Some geologists have regarded the upper
part of the Newark group as of Jurassie age, whence the name
Jura-Trias, which has often been applied to it. Apart from these
lLeds, however, no rocks of Jurassic age are found in New Jersey,
and in this account of the geologic history, the Newark group
iz regarded as wholly Triassie.

. On the assumption that Jurassic rocks are absent in New Jer-
scy and adjacent regions, the events of this period must be infer-
red from other data than the sedimentary record which has been
the guide heretofore. Some conclusions, however, can be drawn
from a careful study of the present topographic forms, which, ex-
cept in very minor features, are the result of long-continued, sub-

_ aerial erosion, particularly if these forms be compared with those

which must have at first resulted from the tilted, faulted structure
of the rocks themselves. If the changes to be deseribed appear
enormously great, and the agents producing them seem inadequate
beeause of their slowness, there is the more reason for recogniz-
ing the enormous length of geologic time and for accepting an
estimate of 35 to 45 million years for the Jurassic period.
Early Jurassic block mountains.—The tilting and faulting which
closed the Trias period gave rise to a series of mountain ridges,
each formed of a tilted crustal block with stecp escarpment along
the fault which marked its eastward face, and a gentle back slope
" the steepness of which was determined by the degree of tilting of
that Llock. If the rate of faulting was extremely rapid as com-
pared to the rate of denudation, some ridges must have attained
a height measured by thousands of fest, since the movement on
some of the fault planes was of that order of magnitude. Rapid
uplift would also result in even crest lines, straight clift faces, and

NEW JERSEY'GEOLOGICAL SURVEY
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smooth back slopes. It is more probable, however, that the move-
ment was slow and prolonged, and that during the period of up-

lift, erosive agencies made some progress, although not able to -

wear down the land as rapidly as it was uplifted. This would
result in a saw-tooth sky line, escarpment faces scored by deep
ravines, their bases buried by debris from the cliffs above, and a
gradual recession of the entire ¢liff face from the line of fauniting.
So, too, the smoothness of the back slope would speedily be broken

by the rapidly deepened ravines of numerous streams conseguent
. upon the slope of the tilted fault blocks. Under these conditions
. the maximum height of the mountains never equaled the whole

amount of the movement on the fault planes.

It is worth noting that these block mountains were not limited
in New Jersey to the present arca of the Newark sediments, since

" both the Highland belt and Kittatinny Valley are traversed by
- normal faults of this same type, and were involved in these move-

ments, Moreover, similar structures extend certainly as far north-
east as central Connecticut and Massachusetts, and southwest to
Virginia and beyond. We are, therefore, safe in concluding that
the block mountains of Jurassic time had at least an equal extent.

Development of the Jurassic peneplain. (Fall Zone)—The vig-
orous erosion to which the faulted blocks were subjected ultimate-
ly beveled off the tilted strata, uncovered the margins of the buried
basalt sheets, exposed even the deep-seated intrusive sill of dia-
base, and eventually removed the whole Trias formation except
from those long, narrow belts where down-warping and faulting
had given rise to great loeal thickening of the sediments and had
depressed them between adjacent areas of ciysta'line rocks which
protected them from complete degtruction. . Ultimately the land

was worn down to a region of relatively low relief, which in com- .

parison with the earlier topography would be regarded as a plain,
although differences of elevation of several hundred feet between
stream courses and divides may have existed. Across this plain
the streams mecandered in shallow wide open valleys, probably
largely adjusted to the structure, but locally erossing hard strata
in disregard of it. The exact course of these streams cannot now be

determined with any certainty., Xow much of this denudation '

was accomplished in Jurassic, and how much in the succecding
period, is uncertain. The next formation exposed in New Jersey
is the Raritan (Upper Cretaceous), which along its northwestern
border now rests upon the beveled edges of the Newark beds and
further Sn’east on a gently rolling eroded surface of erystalline
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rocks. It is possible, therefore, that all of New Jersey continued
to be a land area through Lower_Cretaceous (Comanchean) time,
and that a considerable part of the denudation to which the early
Jurassie_(post-Trias)_ mountains_were_subjected occurred during
this later period. ‘
On the other hand Lower Cretaccous (Comanchean) deposits out-
erop in Delaware and Maryland and possibly underlie the Raritan
@pﬁpg;’;’c‘ljei_;aceous) beds in _the southern counties of New Jersey,
gl__thg_ugbinotw _e_quség"l:__oﬁ_theTsuriace;_-:éﬂ(ﬁay_b_ave once extended
somewhat_further north than at present. From the little that is
known about the crystalline floor on which the Cretaceous beds
rest, it seems to be an approximate plain with low hills and shal-
low valleys. In Maryland residual hills 240 to 300 feet in height
loeally rose above its general surface and evidently formed islands
around which the carlicst Lower Cretaceous beds were deposited.
Jt appears, therefore, that Jurassic erosion planed across the New-
ark rocks, removed them -entirely from an area of considerable

. width, certainly on the southeast and perhaps on the northwest of

their present outcrop, and developed a plain of gentle relief with
low residual hills, certainly in southern and central New Jersey
and perhaps also in the region of the present Highlands and Kitta-
tinny Valley. This surface has been variously called the Jurassie,
and the Fall Zone peneplain.' At the beginning of the period the
State was part of a high and rugged mountainous region, each
eastward-facing ridge a tilted fault block; at the end the moun-
tains had largely, if not entirely, disappeared and in their place
was an eastward-sloping plain, so low that a slight depression
would submerge its marginal portions beneath the waters of the
Atlantie.

Lower CreTAcEOUS (COMANCHEAN) PERIOD.

Earth movements and their results.—Early in the Lower Cre-
taceous, perhaps marking its beginning, a warping of the land in-
volved an uplift of the axis of the Appalachian province and per-
haps a depression of the coastward region, the axis of rotation
probably being along the present margin of the Coastal Plain. In
the uplifted area the velocity of the strcams was increased, while
the relatively flat and depressed constward tract Lecame a zone of
lodgment for the sediments that were washed down by the rejuve-
nated rivers. Lakes, marshes, and perhaps estuaries were features

1 Douglas Johnson, Stream Sculpture on the Atlantic Slope, Columbia
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of the region, and in them and on the bordering lowlands beds of
gravel, sand and elay weére deposited. '

Sedimentation inaugurated by this movement probably affected
the southern portion of the State (Salem, Cumberland, Atlantie
and Cape May countics), sinee deposils of this age (Patapseo and
Patuxent) oceur at Wilmington, Delaware, and southwest in Mary-
fand (p. 113), but if present in New Jersey they are overlapped
and completely buried by later deposits. In so far as the Jiower
Cretaccous sea did not extend north of these counties, the adjacenht
land areas were subject to continued erosion.

In the Maryland region the period was a time of sedimentation
interrupted by three intervals of uplift or warping, during which
the sea withdrew, the recently formed deposits were eroded, and
sufficient time elapsed for marked changes in the character of the
vegetation on the.adjoining lands. Geologieally, however, these
periods- of interrupted sedimentation were telatively brief, but
their effects were probably felt in New Jersey. '

i
UrrErR CRETACEOUS PERIOD.

General character and relations—The beveled edges of the Tri-
assic shale, sandstone, and diabase are now overlapped unconform-
ably along their southeastern margin by strata of Upper Crefac-
eons age. These outerop along a belt of country with an average
width of 12 or 15 miles extending southwestward from Raritan
Bay, in Monmonth and Middlesex counties, passing just south of
T'renton, and skirting the lower Delaware River, to Salem County.
This belt is widest at the northeast and is considerably narrower
along the western border of the State. '

The Cretaceous formations_are unconsolidated sand, clay, and
greensand _{glauconite) marl, which dip 25 to 60 feet per mile to
the southeast and have an aggregate thickness of 500 to 1,000 feet,

the greatest thickness occurring in the northeastern portion of the.

area. They rest on an undulating, southeast-sloping foundation
of hard rocks (Trias and older), the Fall Zone peneplain (p. 112).

The lowermost beds (Raritan) are of non-marine_origin and
were formerly referred to the upper part of the Lower Cretaceous
(Comanchean}, but are now regarded as Upper Cretaceous. Over-
lying the Raritan there is a succession of formations, no one of any
great thickness, which along their outcrops in New Jersey can be
Qifferentiated from each other by careful study, but which lose
something of their distinetness down the dip to the southeast, and
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aleo nlong their outerop in Delaware and Maryland. These will
be deseribed apd then the geographic conditions prevailing in
Upper Cretaceous time will be considered.

MESOZ01IC ERA

THE ROCK FORMATIONS.

Raritan formation (XXmr).—The Raritan formation is_of conti:
nental origin m}d is_extremely varl ] iposition. It con-
sists chicfly of light-colored sand and clay, some of the clay being
highly refractory. (See ‘‘Clays,’’ p. 179). 'Lhere is on the whole,

n Bregonderance of clay in the lower and of sand in_the upper

haif of the formation. (See ““Underground Waters,”' p. 181). So

variable s it both vertically and horizontally that subdlvisions
recognizable in one area cannot be traced for any distance. Since
the formation was laid down on an irregular surface, its thicluness
is not constant but ranges from 150 to 300 feet at the outcrop,
and increases to the southeast to over 500 feet.! Along its out-
crop northeast of Princeton Junction'*it rests unconformably on
the beveled Triassic strata; but in the vieinity of Trenton and
further southwest it lies on ancient rocks of early Paleozoie or pre-
Paleozoie age. At Hightstown, Prospertown and Jackson's Mills,
the pre-Cambrian crystalline rocks were reached beneath Cretace-
ous beds by decp boring (490-500 feet at Hightstown, 1,115 Pros-

pertown and 1,336 Jackson’s Mills). It dips 40 to 60 feet per mile -

toward the southeast, the basal beds having the steeper inclination,

The known fauna consists only.of a few peleeypads (some of
which are brackish-water types, while two are typically marine),
a plesiosaurian bone, and possibly an inseet. Footprints of a large
dinosaur have been uncovered in-the Cutter clay pits at ‘Wood-
bridge. Its flora, on the other hand, embraces a wide range of
genera and species, especially of dicotyledons, many of which are
closely related to modern forms. It has been regarded by Ward
as Lower Cretaceons and, therefore, approximately equivalent 1o
the Goult of England, but Berry® on the basis of its plant remains
regards it as younger than the Gault, and correlates it with the
lower Cenomanian of Europe, which would place it in the Upper
rather than the Lower Cretaceous.

Its broad relations to the next overlying formation are such as
1o indicate a disconformity and erosion interval at this horizen.

1 There is a possibility that some Lowet Cretacecus beds not exposed at
the surface have been included in the great thicknesses shown by some
well borings.

3 Berry, E. W. Geol. Survey of New Jersey, Bulletin 3, 1911, p. 2
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" beds_toward the top, (See ‘‘Clays,”’ p. 179).
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There must, therefore, have been crustal movements at this time,
which caunsed a temporary withdrawal of the water in which it
was deposited. '

Maqothy farmatwn (Kmr, )—-—In the earher reports of the Sur-
vey the Magothy was included in the Raritan, It is partly of con-
tinental and partly of marine origin and includes beds of sand and
clay, many of them lignitie, with some glaucenitic (preensand)
On the shores of

: Rantan Bay these beds attain a thickness of 175 feet, but diminish
~ {0 the southwest and along Delaware River they are only 25 to 36

-

feet thick. The Magothy rests disconformably upen the Raritan,
but the diseordance is not great and probably indicates only a
slight earth movement, and brief eresion interval,

A marine fauna of 43 species, possessing close affinities to that

_of the Ripley beds of the South and to the Senonian of Europe, is -

found on the shores of Raritan Bay, but further southwest the
deposits are apparently estuarine. The flora is abundant and
represents a more recent aspect than that of the Raritan. It is
regarded by paleobotanists as showing Cenomanian affinities, so
that conclusions as to its age drawn from its fauna and its flora
are not in accord. :

So far as observed in NéWw Jersey the Magothy is followed con-
formably by the Merchantville elay, but in Delaware along the

Chesapeake and Delaware Canal the equivalent contact riscs and

falls in respect to the water level in the eanal, and in the vicinity

-of Delaware City the Magothy is apparently absent from its pro-

per_position. It is possible, therefore, that the upper surface of
the Magothy in New Jersey was raised above sea level and some-
what eroded before the deposition of the succeeding beds.

Merchaniville clay ({mv.)—The Merchantvilie is a black, glau-

conitic, micaccous clay about 60 feet thick. It is generally pgreasy
in appearance, massive in structure, and_weathers to a coherent
brown earth. It is probably disconformable to the Magothy forma-
tion beiow and_conformable to the Woodbury clay_above. Its
fauna is large and varied, and although it confains many forms
commen to the beds above and below, its most characteristic species
are conspicuous for their absence or great rarity in adjacent
strata. The Merchantville clay represents the lower part of the
Crosswicks clay of Clark, forms the base of the Clay-Marl series
of Cook, and is the lowest of the five formations in New Jersey
that are
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Woodbury elay (Kwb).—The Woodbury is a_black _nonglancon-
itie jointed elay about 50 feet thick, which weathers to_a lipht-
chocolate color, and when_dry breaks infe innumerable blocks,
many of them showing a enrved or concheidal fracture. Its fauna
of 95 marine species is more closely allied to that of the Magothy
than of the subjacent Merchantville, It is conformable with both
the Merchantvilie below and the Englishtown above. It is the
upper portion of the Crosswicks clay of Clark and forms part of
the Clay-Marl series of Cook. It is the second of the formations
correlated with the Matawan of Maryland.

Enqlishtown sand _(Ket).—The Englishtown is a econspiguous
bed of white or vellow guartz sand, slichtly micaceous and spar-

ingly g]aueomtlc Locally some beds have been cemented by iron
oxide into massive stone, In places it contains thin laminae of fink
clay. So far as known it is not fossiliferous. It decreases in thick- -
ness from 140 feet near Atlantic Highlands to less than 20 feet in
the southern portion of the State, It represents the lower part of
the Hazlett sand of Clark and forms a part of Cook’s Clay-Marl
series. It was formaerly called the Columbus sand and is equivalent

to the middle part of the Matawan formation of Maryland.

'
Morshalltown formation (Kmt).—The Marshalltown ranges from
a black sandy clay to an argillaceous greensand (glauconite) mari.

Locally it is abundantly fossiliferous, its characteristic species be-
ing in part recurrent forms from the Merchantville and in part
new forms that again recur in a higher formation, althoungh absent
or inconspicuous in the immediately succeeding beds. Its thick-
ness is 30 to 40 feet. It is a portion of the “‘laminated’ sands
that formed the upper part of the Clay-Marl series of Cook, al-
though in the southwestern portion of the State he referred these
beds to the Navesink {(Lower) marl. It was included in Clark’s
Iazlett sands, a subdivision of his Mstawan. (See *‘Clays,”’ p.
179; and ¢ Greensland Marl,’’” p. 190).

Wenonah and Mount Laurel sands {Kmw).—Ahove the Mar-
shalltown clay-marl there is a considerable thickness of sand re-
parding which there_has been some difference of _opinion. The
terms Wenonah and Mount Laurel have both been applied to it in
whole or in part. Lithologically it is of rather yniform ghgrag&g A
although the lower part_(Wenonah)_is_gencrally icacoous
sand and the upper part (Mount Laurel) is coarser and contams
considerable preensand {(glauconite), Paleontol icall OWEYEL
these two portions are guite distinct. ‘
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The Wenonah fauna is largely recurrent from the Woodbury,
with comparatively few praminent specics common either to the
Marshalltown immediately below or the Mount Laurel and Nave-
sink next above. The same clements are prominent again still
higher in the Ked Bank, The Mount Laurel fauna on the other
hand is identical with that of the Navesink above and is closely
allied to the Marshalltown but contains a foreign element, chief
among which is the cephalopod Belemnitelle americana and the
brachiopod T'erebratella plicata, so that the indistinet lithological
difference between the Wenonah and Mount Laurel sands is of con-
siderable paleontological significance, The combined thickness of

these formations is 40 to 80 feet, the Mount Laurel being limited

to & very thin bed at Atlantic Highlands (Cook’s Sand-Marl) but
increasing mueh in thickness toward the southwest. The Wenonah
sand is the highest bed correlated with the Matawan of Maryland,
while the Mount Laurel is the base-of the Monmouth.

Navesink _narl {Kns}.—The Navesink formation eonsists of

greensand _(glauconite) marl, mixed with varying awmounts of

guartz sand and file earth, the latter of whieh contains much cal-
g_i_ghm carbonate in a powdery state. Where purest the marl has a

dark-green to bluish-black color. The upper part of the bed con-
tains progressively less greensand and is more clayey. The fauna
is large (121 species, Weller) and is allied to that of the Marshall-
town and Merchantville beds, the eharacteristic forms of the Ma-
pgothy, Woodbury, and Wenonah being absent. The formation has
a maximum thickness of about 40 feet, diminishing sonthward to
95 feet of less. It corresponds in general fo Cool’s Liower Marl,
although locally beds referred by him to the Lower Marl have
proved to be the Marshalltown. It rests conforraably upon’ the
beds below and grades upward into the Red Bank sand, or where
that is absent, inte the IHoruerstown marl. (See ‘‘Greensand
"Marl,”? p. 190).

Red Bank sand_(Krb)—The Red Bank sand is for the most

- part a fairly coarse ycl]c;.v and reddish-brown quartz sand, locally

changed to stone by the infiltration of iron oxide, The lower beds
are in many places somewhat clayey, and the Red Bank fauna has
come chiefly from the clayey layers. In its essentinf features if is
a recurrence of the Lucina crotgecn fauna of the Magothy, Wood-
‘bury, and Wenonah formations, and differs in important respects
from the Navesink fauna immediately below. It oecurs in the
_northern part of the Coastal Iflain, where its maximum thickness

it
¢
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is 140 feet, but it thins out southwestward and disappears midway
across the State. It is the Red Sand of Cook angd earlier writers,
hut does mot include certain sand in the southern portion of the
State that was erroneously correlated by Cook with the Red Sand
of Monmouth County. With the overlying Tinton bed, it is the
uppermost of the beds correlated with the Monmouth formation of
Maryland.

Tinton_bed, (Krb)—A bed of green clayey and sandy marl
(glanconiie) having a thickness of 10 to 20 feet, overlies the Red
Bank sand _in Monmouth County. Its fauna is more closely allied
to that of the Navesink than of the Red Bank and is characterized
by large numbers of crustacean claws of the genus Callienassa. 1t
js Cook’s ‘‘indurated green earth,” regarded by him and other
writers as part of the Red Sand, but in view of its faunal and
lithologic differences it is here given recognition but is not separ-
ately represented on the map. ]

CORRELATION, -

The assemblage of fossils making up the faunas of the i}éds from
the Magothy to the Tinlon, inclusive, constitutes a larger faunal
unit'much more sharply separated from the faunas above and be-

"low than are any of its constituent members from each other. Wek

ler_has shown that this larger faupal unit is made up of two or

mare distinet facies, one of which, the Cucuilea fauna, is char.
acteristic of the more glauconitic beds; namely, the Merchant.
ville, Marghalltown, Navesink, and Tinton, while the other facies;
characterized by Lucina erefacen or its associates, oceurs in the
clays or clayey sands of the Magothy, Woodbury, Wengnah, and
Red Bank formations, '

The two facies existed contemporaneously and mirrated back-
ward and forward across the rezion of the present outerop of these
Yeds. in New Jersey, as relatively minor oscillations of land eaused
the shore line o advance and refreat and brought about deeper or

shallower water. The larger faunal unij is closely related to the
Ripley fauna of Alabama, Mississippi, and Texas. "On faunal evi-
dence all the formations from the Magothy to the Tinton, inclusive,
are referable to the Senonian of Europe, although on floral evi-
dence the Magothy might be correlated with the older Cenomanian..

For many years the three succeeding formations, namely the
Hornerstown mar), the Vincentown sand, and the Manasquan marl,
were by all geologists regarded as Cretaceous although it was rec-

NEW JERSEY GE(lDLOGICAL SURVEY
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ognized that this elassification entailed both paleentological and
structural difficulties. Within recent years, however, Cook and
Stephenson of the U. 8. Geological Survey! have reexamined the
evidence and given cogent reasons for placing these formations in
the Tertiary. This has necessitated no changes in the mapping of
these formations in the field and only a change of color and word-
ing on the State map. . ‘

Having thus briefly summarized the varioas Cretaceous forma-
tions recognized in New dJersey, we can consider the sequence of
events and the eonditions under which they were deposited.

HISTORY.

" Raritan deposition~—During Raritan time conditions were not
- unlike those which prevailed during the Lower Cretaeepus. Liakes,
marshes, and probably estuaries were features of the low ecoast-
ward tract, on which were deposited the gravel, sand and fine mud
broaght down by the streams from higher land on the west. The
presence of feldspar (or kaolin from the decay of feldspar in
place) in the coarse sand and fine gravel of the Raritan shows that
erosion in some places exceeded rock decay, and indieates higher
land and large exposed areas of granite and gneiss to the west,
probably the present Highland region, whence the sediments were
derived. . :

The thickness to which these accumulated in New Jersey is un-

known, but it certainly exceeded 300 feet since that is approxi-
mately the thickness of the eroded remnant along the present out-
erop.
_ Post-Baritan erosign—The upper surface of the Raritan forma-
tion was apparently somewhat eroded before the overlying Ma-
gothy sand and clay vere deposited. Moreover, the fossils found
in the Magothy indicate the prevalence of marine conditions and
a somewhat later period of time than the Raritan, Hence there
secems to be goad evidenee for the conclusion that, following the
deposition of the latter, the zone of accumulation became for a
time a zone of denudation, The inequalities of surface so pro-
dueed were, bowever, only of minor importance.

Magothy—Tinton subsidence and depasition—Following the
erosion of the upper Raritan beds a progressive but oseillatory

1C. W. Cooke and L. W. Stephenson, Eocene age of the supposed late
Upper Cretaceous Greensand Marls of New Jersty. Geol. Soc, of America,

Bull, Vol 39, i 290, 1929,
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subsidence of the southeastern border of the land began, with an
accompanying invasion by the waters of the Atlantie, a condition
that continued, except perhaps for a brief interruption at the end
of the Magothy, thronghout Upper Cretaceous time. Just how far
the sea advanced to the northwest at this period is unknown, bat
there are reasons for believing that it was far to the northwest of

" the present outerop of Cretaceous beds. (See p. 123). Coneur-

rent uplift of the axial region of the Appalachian province beyond
the margin of the sea furnished the vast amount of sediment that
accumulated on the submerged Coastal Plain in this period.

As already noted (pp. 114-119) beds of sand, clay, and greensand
(glauconite) marl, variously interbedded and commingled, con-
stitute the Upper Cretaceous sediments above the Raritan.. Some
formations are comparatively free from glanconite, others are com-
posed in large part of this mineral. Observations in existing seas
indicate that deposits of glanconite are now forming on portions
of oeean floors adjacent to the coast, where land-derived materials
are being deposited in only slight amounts. ILaitle of this mineral
is formed at depths greater than 900 fathoms and most of it is
produced near the border of the continental shelf (the submerged
border of the continent) at about 100 fathoms. From, this it is in-
ferred that during the intervals of Cretaceous time represented
by the Marshalltown and Navesink marls, southern New Jersey
was_sabmerged to_a depth of about 600 feet and the shore of
the Atlantic lay far northwest of the present area of these beds

During alternating periods, represented particularly by the
Woodbury clay, the Englishtown sapd, the Wenonsah sand, the Red
Bank sand, and the Vincentown sand, which contain comparatively
liitle or no glaucomite (greensand), the wafer was shallower,
the shore nearer, and sediment in_greater amounts was_washed
from the land into the_sea that overspread this region. This al-
ternate_decpening and shoaling of the ocean jmplies oscillations of

the shore line upon the low-lying comst across a zome many miles
wide,
plf———

Alternation of faunas—The above conclusions, based upon the
character of the successive formations, are strengthened by a care-
ful study of the numerous marine fossils which they contain, The
strata from the Magothy to the Tinten, inclusive, contain a com-
plex asscmblage of organisms with two distinet facies. Ome of
these, a Cucullea fauna, characterizes the more glauconitic forma-
tions—the Merchantville, the Marshalliown, the Navesink, and the
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Tinton—and may be regarded as a deeper-water fauna. The sec-

ond faunal facies, characterized by Lucina cretacea or its associ-

ates, oceurs in the clay and clayey sand of the Magothy, The

Woodbury, the Wenonah and the Red Bank formations and was
- a shallower-water fauna. ' ’

Both of these facies probably lived side by side in their re-
spective zones off the shore and migrated back and forth aecross
the Coastal Plain region with the gradual advance and retreat of
the sea. During the periods of depression the deeper water with
the accompanying glauconitic sediments and the Cucullea fauna
gradually entered this region from the southeast, and occupied a
belt which had formerly been occupied by the shallower-water
fauna and in which chiefly land-derived sediments had been de-
posited, .With a later period of emergence both faunas shifted to
the southeast and the shallow-water facies again occupied the
region. ,

Vertebrates.—The life of the Cretaceous sca was not limited,
however, to the invertebrate forms which make up the faunas de-
seribed above. The Cretaceous and early Tertiary waters were
‘dominated. by huge reptiles which surpassed in size and strange-
ness the sca-serpents of fiction, There were the Elasmosaurs, 40 to
50 feet in length, of which 22 feet was neck, with swelling body,
short flippers and long flattened tail; the Mosasaurs, gigantie,
sealed, carnivorous, marine lizards, some 30 feet in lengith with
limbs modified into paddles and with ponderous jaws furnished
with rows of great conic teeth; various species of crocodiles whose
abundance is shown by the frequency with which their bones have
been found in the marl beds, particularly those of Eocene time;
turtles and tortoises of many kinds and sizes up to 6 feet in length.
Besides the sea reptiles there were sharks, whose teeth found in
large numbers in the marl beds measure 4 to 5 inches in length
and 3% inches in width and indicate an individual 70 to 80 feet
in length.® . : .

" On Jand there were huge duck-billed, bipedal, plant-feeding dino-
saurs, some of which were 28 to 30 feet in length, ponderous in
hody, and probably slow in movement. A skeleton of the best
known, Trachodon, (Hadrosaurus) was diseovered years ago near
Haddonfield, Camden County, but portions of others have been
found in at least eight other localities. It was a herbivorous ani-

1Since some of the strata formerly regarded as Cretaceous are now
known to be early Tertiary, some of the above forms doubtiess belonged
to the later period.
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nal of heavy proportions, short fore limbs, but very long and mas-
sive hind legs, Its great tail, long hind lirkbs and pelvie bones
were an efficient support, while it reached up to the limbs of trees
on whose foliage it fed. Its fore-limbs were used chiefly in draw-

_ ing its food to it, though it probably rested on them as it stooped

to the ground to devour vegetable material there. (Cope) A re-
storation of this skeleton is now mounted in the State Museum at
Trenton. -

Trachodon probably found its mortal enemy in Laclaps, a slight-
ly smaller, but more agile dinosaur of carnivorous habit, whose
long curved claws, and knife-shaped teeth were splendid weapons
of offence. It had shorter fore and longer hind legs than Tracho-
don, and like the birds walked entirely on its hind limbs or leaped
like the kangaroo. (Cope). Remains of this ancient buccaneer
were found may years ago in the West Jersey Marl Company's
pits near Barnsboro.

References.—For fuller description and discussion of the Meso-
zoic formations of New Jersey, see the Yollowing publications:!

The Geologic Folios: No. 1. Passaic Folio, 1908, pp. 7-13; No.

. 3. Philadelphia Folio, 1909, pp. 8-15; No. 4. Trenton Folio, 1909,

pp. 11-14; No. 5. Raritan Folio, 1914, pp. 13-16.

“‘Petrography of the Newark Igneous Rocks of New Jersey,”
by J. Volney Lewis. Annual Report of the State Geologist for
1907, pp. 97-167,

“Origin and Relations of the Newark Roeks,’”” by J. Volney
Lewis, Annual Report of the State Geologist for 1906, pp. 99.120.

+*Fossil Fishes, Triassic Fishes of New Jersey,”” by C. R. East-
man. Annual Report of the State Geologist for 1904, pp. 27-130,

““The Newark System,”” by Henry B. Kiimmel. Annual Report

" of the State Geologist for 1896, pp. 25-88; Same for 1897, pp. 23-

160; Same for 1898, pp. 43-58.
‘¢ Fossil Fish Remains of Cretaceous, Eocene and Miocene For-
mations of New Jersey,”’ by Henry W. Fowler, with a Chapter on

1In consulting these references it must be remembered that when these
articles were written the Hornerstown, Vincentown and Manasquan_forma-
tions were supposed to be Cretaceous, although now regarded as Tertiaty
(Eocene). The Schooley Peneplain also was supposed to pass beneath the
Cretaceous Coastal Plain and to have been developed, at least on 1iis s_eawzgrd
margin, before the end of the Lower Cretaceous, although the interior
portions were not reduced to the peneplain stage until late in the Upper
Cretaccous. L
Whereas, according to the interpretation of Douglas Johnson, which is
here accepted, the Coastal Plain beds rest on an earlier peneplain (Fall
Zone), which was uplifted in late Cretaceous or post-Cretaceous time, ah
the Schooley Peneplain developed et a lower ievel in Tertiary time,

L
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Geology, by Henry B. Kiimmel. Bulletin Geol. Survey of N. J.
No. 4, 1911, 185 pp. .

**Flora of the Raritan Formation,”’ by Edward W. Berry. Bul-
" letin Geol, Survey of N. J. No. 3, 1911, 233 pp.

“‘Cretaceous Paleontology of New Jersey,”’ by Stuart Weller,
Geol. Survey of New Jersey, Paleontology vol, 1v, 1907, 871 pp.,
with separate volume of plates. - _

“Paleontology of the Cretaceous and Tertiary,”” by Robert P.
Whitfield. Geol. Survey of N, J., Paleontology, vol. 1, 1886, 338
pp.; vol. n, 1892, 402 pp.

“‘Fossil Plants. Flora of the Cliffwood Clays,”’ by Edward W,
Berry. Annual Reports of the State Geologist for 19035, pp.
97-172. - '

“«Fauna of the Cliffwood Clays,”’ by Stuart Weller. Annual
" Report of the State Geologist for 1904, pp. 131-144.
“Upper Cretaceous Formations and Faunas of New Jersey,”” by
" Stuart Weller. Annual Report of the State Geologist for 1904,
pp. 145-160.

“‘Upper Cretaceous Formations,’”” by William B. Clark. Annual
Report of the State Geologist for 1897, pp. 161-210.

tCretaceous and Tertiary Geology,’’ by William B. Clark. An-
nual Report of the State Geologist for 1892, pp. 167-246; Same
for 1893, pp. 329-356.
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CHAPTER VII
CENOZOIC ERA.

Summary statement.—The Cenozoic era comprises the Tertiary
and Quaternary periods, The former is commonly divided into
the Focene, Miocene, and Pliocene, while the latter includes the
Pleistocene and Recent. In each of these, further subdivision of
the record is made. Cenozoic time, althongh perhaps 55 to 65 mil-
lion years in length was only one-half to one-third as long as Meso-
zoic, and only one-sixth or one-seventh as long as Paleozoic.

Its life was characterized by the rapid rise and great develop-
ment of mammals, the absence of the dinosaurs and large flying
reptiles, the appearance and gradual increase of modern species
among the mollusks, and very late in the era, the appearance of
man. A

The formations of Cenozoic age in New Jersey include: (1)
marine Tertiary sand, gravel, marl, and clay, underlying the most
extensive arcas of the Coastal Plain, with gravel (Beacon Hill} at
the top probably of continental origin; (2) Quaternary deposits
of nonglacial (interglacial} continental origin of widespread oc-
currence over the Coastal -Plain (Bridgeton, Pensauken, Cape
May), and glacial accumulations over much of the northern part
of the State; (3) Recent alluvium and surface wash (not shown on
the geologic map), and swamp and marsh accumulations,

TERTIARY DPERIOD

New streams across the emerging sea floor.—With the uplift
which caused the withdrawal of the Cretaceous sea from New
Jersey and adjacent regions, streams established themselves across
the emerging sca floor. At first these were extensions of existing
streams from the old land on the northwest. Later as the Coastal
Plain increased in width by further retreat of the sea, new streams
developed wholly within its limits; but in both cases the courses
were determined by the slope of the new land, and not in any de-
gree by the topography of the buried Fall Zone peneplain, on
which the Cretaceous sediments rested, since it is highly probable
that the thickness of the Cretaceous cover was enough to obliter-
ate the buried topography.

Because the Coastal Plain cover was nnconsolidated material,
erosion proceeded with relative rapidity and in a geologically brief

{126)-
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period the streams ent through these beds and incised their chan-
nels across the underlying peneplain surface. Doubtless during
the Fall Zone erosion -cycle, the streams, whatever their initiabl
courses, had become more or less adjusted to the structure, follow-
ing belts of soft rock and avoiding the hard formations which
formed divides. But whatever their direction it is entirely improb-
able that the consequent streams formed on the Cretaceous cover
coincided in any material degree with these ancient courses. On
the eontrary it is quite certain that in some places the new streams
found themselves superposed across low ridges, which had existed
on the Fall Zone peneplain. Thus the ancestors of the Delaware,
and of the streams which cut Culvers Gap near Branchville and
tl_le Wind Gap in Pennsylvania were superposed across the low
ridge formed by the Shawangunk conglomerate on the pre-Cretace-
ous peneplain. So too the ancestors of the present Pequannock
and Rockaway rivers as well as many others were superposed from
the Cretaceous cover on to the underlying peneplain, in courses
transverse to the geological structure of the underlying rocks.

With the continued removal of the Cretaccous cover more and
more of the Fall Zone peneplain became exposed and belts of soft
rock were uncovered between the low ridges formed by the harder
beds. This gave an opportunity for the development of tribu-
taries to the transverse streams along these softer belts. During
the long erosion interval in Tertiary time which resulted in the
removal of the Cretaccous beds along their northwest margin, the
destruction of the Fall Zone peneplain and the development of a
lower peneplain, there were doubtless some instances of stream
capture by these growing subsequent streams, but the master
streams like those mentioned above persisted through this erosion
eycle and maintained their southeast courses. Ultimately in Ter-
tiary time a new peneplain was developed at a level below the
older Fall Zone surface. A remnant of this erosion surface is now
| preserved in the plateau-like summit of Schooley Mountain,
whenee the name Schooley peneplain. Further consideration of
this new level will be deferred for the present. .

EoCENE

Pre-Eocene disconformity—So far as we can now determine,
Cretaceons sedimentation in New Jersey terminated with the de-
position of the Red Bank and Tinton beds. If younger forma-
tions of this period were formed they were removed in the cycle
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of erosion which followed the uplift of the {’retaceous ocean floor,
and before the deposition of the following Eocene formations, As
a result of the uplift, the shore line retreated far to the southeast
of the present Cretaceous outerop belt. These formations for their
entire thickness were removed from the Triassic area, (except for
a small remnant near Sand Hills in Middlesex County} and the
two highest beds—the Tinton and Red Bank—do not now occur at
the surface from near Sylkesville to the Delaware Bay, so that
along this belt the Hornerstown (Eocene) mart rests directly on
the lower Navesink (Cretaceous), with the Tinton, Red Bank and
upper Navesink marl missing at the surface.

This gap represents (1) -the time necessary for the Cretaceous
gea to withdraw from its furthest northwest extension to a line
some distance southeast of the present Cretaceous outerop, (2) the
removal of all the Cretaceous strata which covered the Triassic
beds, (3) the removal of at least 120 to 140 feet of Cretaceous
strata southwest of Sykesville, and.a greater thickness further
southwest where the Hornerstown now rests on the Mount Laurel
sand, and (4) the re-advance of the sea in Eocene time and the
beginning of the deposition of the Hornerstown marl in water
having a depth of several (300-600) hundred feet.

Eocene time in New Jersey was therefore, a period of erosion in
the northern section, of sedimentation in the south and of alter-

‘ CENOQZOIC ERA

nate erosion and sedimentation in the central portion,

Iornerstown marl_(Tht).—The Hornerstown is a bed of pglau-
conite (ereensand) with clay and sand, having a total thickness of
about 30 feet. It is much like the Navesink, but its fauna, while
meager, is totally different in its essential characteristics from the
fauna of all the underlying formations. Terebratula harlani, Cu-
cullea vulgaris, and Gryphea dissimilaris (Weller) are character-
istic forms. A shell bed at the top of the formation is a_conspieu:
ous feature at numerous localities and apparently covered many
square miles of the ocean bottom. At the north the Hornerstown
rests on the Tinton; where that is absent it lies on the Red Bank,
and further south, owing to the disappearance of the Red Bank,
it is continuous downward with the Navesink. It is conformably
overlain by the Vincentown, except where overiapped by Miocene
(Tertiary) formations. It is the Middle Marl of Cook, the Sewell
Marl of Clark, and is part of the Rancocas group. :

Vincentown sand (Tvt).—The Vincentown sand_presents W0
facies: (1) a calcareous or lime-sand phase, semi-coherent and

N
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largely a mass of broken bryozoan, echinoid, coral, and other eal- -

carcous remains; (2) a glauconite quartz-sand phase, The two
oceur in alternate layers, although the former is more common in
the basal portion, particularly to the south, whereas the quartz-
~ sand facies preponderates in Monmouth County. The fauna of the
* lime-sand facies contains large numbers of bryozea, echinoids, and
foramenifera, while in the siliceous facies elements of the Horners-
town fauna occur in association with forms characteristic of the
calearegus facies. Its thickness ranges from 25 to 100 feet, but
- ‘numerous well borings have shown that it thickens down the dip,
" that i3, toward the southcast, It rests conformably upon the Hor-
nerstown marl and is overlain conformably by the Manasquan marl
or overlapped by Miocene (Tertiary) beds. It ineludes the ‘‘lime
sand” and ‘‘yellow sand’’ of Cook, the former of which was in-
cluded by him as a part of the Hornerstown (Middle} marl.

Manasquan_marl_(Kmaq).~—The lower part of the Manasquan
marl (13 to 17 feet) is composed chiefly of glauconite (preen-
sand), but the upper part (B to 12 feet) is made up of very fine
- sand mixed with preenish-white clay, piles of whicl lock like heaps
of ashes, hence the name ‘‘ash marl.”’ Fossils are not abundant
and are poorly preserved, the commonest occurring also either in
the Hornerstown or Vineehtown. Its thickness is about 25 feet.
It corresponds to the “‘green’’ and ‘“ash’’ marls of Cook’s Upper
Marl bed and is the youngest of the three formations formerly re-
rparded as Cretaceous but now classed as Tertiary (Eocene). It
probably rests conformably upon the Vincentown and at most ex-
posures is suceeeded unconformably by higher Teritary or Quat-
ernary deposits, although locally it is overlain by a bluish marl of
later Eocene (Tertiary) age. v

Shark_River marl (Tsr)~—This formation is limited in outerop
to small areas near Long Branch and Farmingdale in Monmouth
County, where a_mixture of grecnsand (glanconite) and light-
colored earth 11 feet in thickness and carrying Fogene fossils rests
without apparent unconformity upon the ‘‘ash’’ marl of the Mana-
squan, The upper two _or three feet are guite hard and stony.
This marl has been found as far west as Farmingdale and the sea
in which it was deposited must have reachcd somewhat further
inland, but how far cannot be determined. Since the formation is
now only 11 feet thick, the time interval represented by it was re-
latively short, although the present beds may be only a portion of
those ori

ly deposited. Pits where these beds were once dugy j=rsey
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have long since been filled and it is now ‘very difficult to find ade-
guate exposures. Clark regarded it as probably older than the
Eocene of Maryland, but by some authors it has been placed above
the Maryland Eocene,

CONDITIONS OF FORMATION AND AdE.

The faunas of the first three formations are closely related and
form a larger fauna sharply separated from the Ripleyan fauna
of the underlying Cretaceous beds. This fauna has not been ree-
ognized south of Maryland, As already stated (p. 120), these
formations are now classed as Eocene,

The oceurrence of the Hornerstown, Vincen"own, Manasquan
formations resting in that order on the beveled Cretaceous strata
indicate that in Foeene time the sea probably attained a depth of
600 feet in the region in which the Hornerstown marl is now
found, Remains of crocodiles, turtles and sharks of enormous size
are frequently found in the pits where the marl is now being dug.

" Owing to the fragile condition of the bones after interment for 50

or 60 million years in incoherent sediments, great eare is needed in
their recovery. Through the cooperation of the owners of several
pits the State Museum has in recent years recovered several fine
partial skeletons. The shark’s teeth in contrast to bones are prac-
tically indestructible. -

The sand beds of the Vincentown intercaleated between the
JHornerstown and Manasquan marl beds apparently indicate a
minor shoaling of the ocean, and more land-derived material, as
well as the presence in Vinecentown time of vast numbers of
bryozoa, echinoid, coral and other lime-secreting organisms. On
the other hand, in Manasquan time conditions again favored the
deposition of glauconite.

Post-Eocene emergence—Following the depomtton of the Shark
River mar], the Eocene sea withdrew, probably from all of south-
ern New Jersey, so that opportunity was afforded not only for the
erosion of the recently formed Focene deposits, but for the con-
tinued crosion of the older Cretaceous beds so far as they may
have then extended northwest of their present outcrop, To what
extent this removal of the Cretaceous strata was accomplished in
post-Tinton—pre-Hornerstown time (late Cretaccous and early
Toeenc) and what in post-Shark River—pre-Miocene time cannot
new be definitely determined. We know that the Hernerstown
along its outerop overlaps the beveled edges. of the Tinton, Red

i i ' ; ccom-
CicAL sURveyBank and Navesink formations, hence some eros was a
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plished in the interval between the deposition of the Tinton and
the Hornerstown (late Cretaceous and ¢yrly Eocene). We lknow
also that the lowest Miocene beds (Kirklaen:d, see below) now rest
on beds of such varying ages us’ Shark River anit Mount Laurel,
We conelude, therefore, that in post-Shark River (Loeene) pre-
Kirkwood (MMiocene) time the Koecene heds were beveled and to
some extent probably removed from the nnderlying Cretaceous.
In the region not submerged in Eocene time, erosion of course
must have continued.

MiocENE.

Kirkwood submergence.—In Miocene time the sca again invaded
the southern portion of the State, the subunergence reaching across
the beveled edges of the Cretaceous strata, which thus became sue-
cessively overlapped by the deposits of this epoch. The sea reached
the southeastern borders of the Triassic belt, probably covered a
portion of this formation, and may have reached the crystalline
~ roeks, bui its nerthern limits cannot be definitely determined.
During this Submergence_the sediments now_grouped, under_the
term Iirkwood (Tkw) wer 0gi Under this term have been
included_all beds of demonstrable Miogene (middle Tertiary) age
that outerop in New Jersey. These beds vary in character in Qif-
ferent regions, hut they are predominantly fine mnicageous quartz
sand,_irl many places delicately banded in shades of salmon-pink
and yellow. Black lignitic ¢lays ocenr in some localities at or near
their base. In the southern portion of the State (Salem Countyl,
. the Kirkwood consists of a_thick bed (80 to 90 feet) of chocolate
or_drab-colored_clay, above which there js a_fine elayey sand con-
taining great numbers of shells {the Shiloh Marl of many reports),
whieh, in the localities where it aceurs, forms the upper bed of the
Kirkwood, Further morth, particularly in Monmouth County,
the upper beds are fine micaceous sand alternating with layers
- of clay which range from a fraction of an ineh to many feet in
thickness.

Although the Cretaceous strata had suffered considerable erosion
(see above) during the periods of emergence preceding and fol-
lowing the Eocene submergence, the surface on which the Kirk-
wood was laid down was relatively level, apparently less uneven
than the rougher parts of the present Coastal Plain.

The total thickness of the formation along its outcrop- is 100 feet
or more. On the basis of the abundant fossils in the beds at

j.x-—\
@

Shiloh, the Kirkwood is believed to correspond in a general way
to the Calvert formation of Maryland, the Howest division of the
Chesapeake group.

CENOZO1C ERA

Well borings at Atlantie City, Wildwaod, and other pointis along
the coast have demonstrated the presence there of a great thick-
ness of Miocene strata apparently not represented in outerop. At
Atlantie City beds of clay, sand, and marl from depthe of 390 to
1,225 feet below sea level earry Miocene fossils, and at Wildwood
those from 300 feet to 1,090 feet (and perhaps to 1,244 feet) are
Miocene, From the fossils it ig evident that strata referable to the
St, Mary'’s, Choptank, and Calvert horizons of the Chesapeaks
group are present. ‘

"

Post-Kirkwoed emergence.—In southern New Jersey the Kirk-
wood is followed disconformably by the Cohansey sand, but the
lack of conformity is not matked. Hence it is inferred that there
was a relatively brief emergence following the Kirkwood deposi-
tion, during which the shore line retfeated to a line southeast of
the present outerop of the Kirkwood, although the sea may not
have withdrawn far from the present limits of the State. It is
impossible now to determine how long this period of emergence
lasted. :

Cohgnsey,_submergence._and. deposition-—~Following_the emer:

gence in post-Kirkwood time, the sea again invaded the southern
half of the State, and in its waters the gravel, sand, and clay of

{he Cohansey formation were deposited.

This formation, which overlies the Kirkwood at its outcrop, is
composed chiefly of quartz_sand, locally with clay laminae, OF

thicker lens-shaped beds of light-colored_clay_and occasional ienses,
of gravel, It forms the surface of the Coastal Plain in New Jer- )

sey over & wider area than any other single formation, Obsear
casts of moliuscan shells have been found in it but these are of no
value in determining its age. Plant remains from near Bridgeton
indicate a flora comparable with that of certain upper Miocene lo-
calities of Europe. It dips soutbeastward 9 or 10 feet per mile
and overlies the Kirkwood with seeming disconformity.

Inasmuch as sand and elay similar to the Cohansey are revealed
in borings along the coast, and there overlie clays carrying Mio-
cene fossils characteristic of the St. Mary’s, which is the highest
division of the Chesapeake group and so younger than the Kirk-
wood, the Cohansey must belong.t0 8 still later stage of the Mio-
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cene, or perhaps even to the Pliocene (late Tertiary). It is possi-
ble, however, that as now defined it may represent, in part at least,
. the shoreward phase of the fossil-bearing Miocene (St. Mary's)
clays which are found in the borings along the coast. In that case
it should be correlated with the Choptank and St. Mary's of Mary-
land. In the light of all data at present available, however, the
former view scems the more probable.

Identifiable remnants of the Cohansey do not occur as far north-
west as the Kirkwood outliers, and it may be that during the
Cohansey submergence the sea did not reach as far inland as dur-
ing the Kirkwood. On the other hand, small patches of sand and
scattered pebbles more nearly resembling the Cohansey then the

_Kirkwood have been found at several places on the Triassic forma-
tion, and even along the margin of the Highlands, so that there
geems to be considerable evidence in favor of the conclusion that
the Cohansey sea submerged the belt of Triassic shale, except for
the Hunterdon platean west of Flemington, and reached the border
of the Highlands, During this submergence Rocky Hill ridge, the
Watchung Mountains {probably as far north as Patersonj, and
Zourland Mountain apparently received at least a thin mantle of
these sediments.! ' o

The life of the Eocene and Miocene.—The remains of snakes
which attained a length of 20 feet have been found in the Shark
River marls, as well as bones of sea turtles, erocodiles and shark’s
tecth, so that we know something of the larger denizens of the sea
during early Tertiary time. Sea turtles, sharks, and crocodiles are
also known to have frequented New Jersey waters during Miocene
times. Little is known of the land animals which then inhabited
the State. During the Eocene the earlicst known member of the
horse family made its appearance in western United States. They
were graceful little creatures about 11 inches tall at the withers
with four toes and traces of a fifth on the front feet, and three
toes and two splints on the hind feet. Camels, tapirs, giant pigs,
a fleet-footed rhinocerous, and four-tusked mastodons were a few
of the other strange forms which oceurred in the western part of

. L The evidence in favor of this hypothesis is chiefly the occurrence of
scattered pebbles resembling those in the Cohansey (or the Iicacon Hill
gravel, which immediatcly followed the Cohansey sand). The fact must
tiot be overlooked, however, that very similar guartz pebbles occur in the
basal beds of the Cretaceous and that they may be really remnants of the
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the lfuited States, Some or all of theh may have had an east-
ward range and so reached New Jersey, but no direet evidence of
this has been found.

PLIocENE,

Post-Cohansey uplift and Beacon Hill deposition.—The eyeles of
deposition, during which the Kirkwood and later the Cohansey
beds were deposited, were terminated—apparently in early Plio-
cene time—by an upward arching of the Appalachian region which
may have approached in certain areas a peneplain. This move-
ment involved at length the northern part of New Jersey and re-
juvenated the streams that drained it. The surface, deeply man-
tled with residuum accumulated during the peneplain stage, readily
furpished load to the streams in their flood stages. Upon reach-
ing the southeastern margin of the peneplain, which was not so
much affected by the uplift, and the adjoining low, 8at, and re-
cently emerged sea bottom, the streams spread much of their load
of sediment over a wide zone of deposition upon the land. With
continued uplift the inland margin of the deposits was in turn
croded, while the zone of deposition was extended segward. The
Beacon Hill gravel, which new_eaps some of the highest hills of
the Coastal Plain is believed to represent remnants of stream de-
posits made at this time, and to be the correlative of the Lafayette

gravel further south’

The Beacon il gravel (Tbh) is chiefly quartz, but contains

s e St Poptiah

e Boeacon ol

chert and_some_pebbls ¢s_of hard_sspdstons.and quactzite, The
chert pebbles are invariably much decayed and many of them are
very soft. Many of the quartz and quarizite pebbles also are more
or less corroded. Although originally deposited as a more or less
.continuous sheet, the formation now oceurs only as isclated reiwmst
nants on the summits of the highest hills of the Coastal Plain, such
as Beacon, Hominy, and the Clarksburg hills in Monmouth Coun-
ty, Old Half Way hill in Ocean County, and Apple Pie hiil in
Burlington. These widely isolated gravel-capped hills are eloquent
witnesses of the wide spread erosion of post Beacon Hill time,
The summits of the other hills like Arneys Mount in Burlington,
do not now quite reach the requisite elevation although scattered

3 In the eatlier reports of the Geological Survey (1892-1900) the Cohab-
sey sand was inclnded in the Beacon Hill formation. The evidence of
separation is by no means deeisive, and perhaps it should not be made; but
the later classification seerns on the whole to harmonize better with the

older deposiy hich formerly streiched {ar northwest of their present
outcrop. NEW JERSEY G
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) pebbles testify to the presence of a Beacon Hill cap, before the
summit bad been degraded to its present level. ’
EARLY TERTIARY - KROSION.

Introducto.r.y statenient.—In the preceding pages we have con-
sidered the various deposits in New Jersey referable to the differ-

ent subdivisions of Tertiary time. We have seen that these de- .

" posits as they exist at present cover ouly a fraction of the areas
on which they were laid down. Not only did they extend inland
beyond their outerop, due to a northwest transgression of the sea,
but between the periods of deposition there were periods of wup-
lift or tilting during which the sea withdrew to the southeast, and
the newly made deposits were eroded and in part removed, Large
areas of New Jersey were, therefore, in Tertiary time alternately
regions of sedimentation and of erosion. However, in the areas
_ beyond the farther advances of the Tertiary seas, erosion was con-

" tipuous. It is desirable now to consider this erosion and.the topo-
graphie forms which resulted therefrom.

i

' THE SCHOOLEY PENEPLAIN,

Description.—The visitor to High Point, in Sussex County, who
on a clear day looks eastward across the rolling lowland of Iitta-
tinny Valley towards the Highlands 8 or 18 miles distant eannot
fail to be impressed by the faet that the skyline of that rugged
mountainous belt is remarkably even. The hilltops all approach a
general level and no peaks rise conspicuously above that level.
Looking westward over the hills of Pennsylvania, the same phe-
nomenon is observed. Hill summits and plateaus all approach a
common elevation, Moreover, an obscrver on the edge of the
Highlands looking westward across the Kittatinny Valley will
pote that the crestline of Kittatinny Mountain is likewise remark-
ably horizontal. If the depressions beneath these crestlines were
filled to their level, the topography would be that of a rolling
plateau sloping gently southeastward.

Moreover, the crestlines of the Orange or Watchung Mountains
and the Palisades, the broad platean of Hunterdon County,
between Frenchtown and Flemington, and thé platcau-like erest
of ‘Sourland Mountain, although lower than Kittatinny Mountain
. and the Highlands would all fall in line and merge with this gent-
ly sloping plateau. In other words these present major eleva-
tions of rnrthern New Jersey are all believed to be remnants of a

, 5
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Fig. 8. Remnants of the Schooley peneplain.

surface which had a present clevation of 1,500 to 1,600 feet over
wide areas in Sussex County, and declined nearly to sea level in
the vieinity of Raritan Bay.

In other words if the broad expanse of Kittatinny Valley, the
narrower inter-highland valleys, and the wide red-shale lowland
of the present Piedmont region were all filled again to the level of
the upland ridges, the old plain would be restored as a gently
warped surface, sloping te the southeast and diversified by low
knolls. If this old sarface thus restored were then bodily de-
pressed to a low-lying plain near sea level, northern New Jersey

would return to the topographic monotony it formerly had. Such

a surface of erosion could have been produced only at an elevation
close to sea level, The fact that it is now much dissceted and bas
. K a*
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been removed over wide areas proves that sinee its origin it has

been widely upwarped and dissected.

The present topography, therefore, is the result of long-con-
tinued erosion of this uplifted aneient plateau. Since its remnants
are well preserved in the flatter summit areas of Schooley Moun-
tain and in the even crestline of Kittatinny Mountain it has been
called both the Schooley peneplain and Kittatinny peneplain.! Its
dissected remnants are an important topographic feature through-
out the Appalachian province from New York to Alabama.

Relation to the Fall Zone peneplain?—Ior many years it was
helieved that the Schooley peneplain was the result chiefly of Jur-
assic and lower Cretaceous erosion; that in upper Cretaceous time
its seaward portion was submerged for a moderate distance beyond

- {northwest) the present margin of the Coastal Plain and buried

beneath Upper Cretaceous sediments; that in post-Crefaceous time

" it was npwarped, its higher portions dissected leaving the present

remnants in-northern New Jersey, while its seaward poriion is
still buried beneath the Coastal Plain. According to this inter-
pretation the Schooley and the Fall Zone peneplains are one and
the same thing,

The other view is that the Schooley is younger than the Fall

* Zone plain and was developed wholly in post-Cretaceous time at

a lower level and in a subsequent erosion cycle— (early Tertiary).

In favor of the second view as against the first it has been
urged, (1) that the slope of the ervsion surface beneath the Creta-
ceous beds is steeper than the slope of the dissected Schooley rem-
nants northwest of the Fall line, The suggestion that subsequent
warping accounts for the difference of slope does not wholly meet
this condition, as has been pointed out by Johnson:® (2) that the
remnants of the Schooley peneﬁlain are too well preserved over

- gonsiderable areas at elevations which favor erosion, to date back

to Cretaceous time. I{ is guestionable whether any vock surface
continuounsly exposed to erosion since Cretaceous time could be so

well preserved, {3) the present drainage of the Atlantic slope,

1 Some recent writers do not regard the Kittatinny summit and the
Schooley summit as parts of the same plain and of the same age, but con-
sider the latter as a younger surface developed at a lower level, subsequent
to a slight uplift of the Kittatinny plain: (U. S. Geological Survey—Geol.
Folio 221). The interpretation given ahove is, however, the commonly
accepted one, (Ver Stceg, Karl-— Annals of the New York Acadeny of
Sciences, Vol. xxxii, pp. 37-220.)

2 See page 112,

8 Johnzon, Douglas—Stream Sculpture on the Atlantic Slope, Columbia

Universi'ress, 1931, p. 9. :
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notably the existing master streams ltke the Hudson, Delaware,
Susquehanna, Potomae, as well as many others, cross belts of hard
and soft rocks in curious defiance of the rock structures and in
courses which seem best explained on the theory of an ancient
peneplain (Fall Zone) buried by overlap of Coastal Plain sedi-
mentis on which streams were established in accordance with the

Delamre 2
' Xlttatinn,
Hountakn
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¥
4

, ‘euntaln

RITTISNY HIGHLAYTS PITIONT FLATH
ViLLtY

Fig. 9. Profile across northern New Jersey, showing by dotted line the
uplifted and tilted Schooley peneplain before erosion,

southeastward slope of the emerging sea bottom in late Cretaceons-
carly Tertiary time.® For these and other reasons the view here
adopted is that in northern New Jersey the Schooley peneplain is
the result of the erosion and destruction in Tertiary time of the
Vall Zone peneplain with its Cretaccous cover, whereas in the
Coastal Plain region it (the Fall Zone peneplain) is still preserved
beneath existing sediments. , \

Drainage on the Schooley peneplain.—Although only portions
of the Schooley peneplain now remain, nevertheless some traces of
the major stream coursés are still preserved to us. In its larger
features the drainage was an inheritance from the southeastward
consequent streams established on the Cretaceous cover of the Fall
Zone peneplain (page 125) plus such adjustments as were due to
the development of subsequent streams along belts of softer rocks
which were revealed on the Fall Zone peneplain by the removal of
the Cretaceous cover, Wind and water gaps which now interrupt
the crestline of Kittatinny Mountain and which here and there

* eross the Highlands indicate the location of streams which erossvu™

the Schooley plain in channels only slightly cut below the broad
low divides. These show that large streams crossed Kittatiuny
Mountain {which was then only a low ridge on the Schooley pene-
plain), on the line of the Pen Argyl Wind Gap in Pennsylvania,
the Delaware Water Gap, and Culver’s Gap in New Jersey. The
profile of the crest of Kittatinny Mountain indicates that these
larger streams flowed in very broad and shatiow valleys 100 to 300
feet below the broadly rounded divides, while numerous smaller

1For a complete discussion of this problem and its possible alternative

solutions, see the scholarly essay by Douglas Johnson—Stream Sculpture
of the Atlantic Stope — Columbia University Press.

-
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tributary streams crossed the ridge in neighboring shallower
valleys! Ancestors of the Pequannock and of the Rocl;‘;way rivers
crossed the Highlands but at elevations only a little below the
p'resent mountain summits. Likewisa botween Oxford and Karrs-
ville streams crossed Scotts Mountain along the lines of Van Ne:ss
Gap at (?.\'fo:*d, Stewart Gap opposite Karrsville and an unnamed
gap & riile northeast of Van Ness Gap, but at levels only slightly
bt?low the mountain summits on either side of the present ;apg
Smce'the Van Ness Gap is deeper than the others it was pro{;ﬂbl ,
occuplec.l'by the largest stream, to which the other two may lx‘wi
been tributary. The gap north of Port Colden and the G‘:len
Gardner Valley now oceupied by Spruce Run probably mark the
much deepened southeast course of this stream. '

At some period in the Schooley erosion cyele when the removal

of the Cretaceous cover began to expose the northeast-southwest -.

b.elts of soft rock subsequent streams began to develop along these
lines of easy erosion. These were the ancestors of the I’aulir:s' Kiil
U;’l.e Pf:quest, the Pohatcong and the Museonetcoisg. West, oé
Kittatinny Mountain similar longitudinal streams tributary tht) the
master streams which ecrossed this ridge began their head water
growth along the onterop of the soft Mareellus and Salina shales
) Gaps in the Palisades and Watchung Mountains—The Palisade
ridge at Sparkill, New York, PFirst and Second Mountains at Pat-
erson m?d Little Falls, and at Short Hills and Millburn, and Third
?&Iountam north of Chatham and again south of Pine‘ Broolt are
interrupted by broad gaps? whieh present many points in common,
The Shert Hills Gap is now filled with glacial drift and the gaps
noth of Chatham and south of Pine Brook are known only by
borings. Evidence is conclugive that in preglacial times these gaps
had been eut by a large river or rivers to depths of 400 to 470 feet
helow the cresis of the ridges on either side. In recent years
Johnson?® has given good reason for the view that in the Schooley
cycle the predecessor of the present Hudson turned southwest
across the buried Palisade ridge at Sparkill and held a course on
_the Cretaceous sediments such that it twice crossed the buried
‘Watchung ridges at an elevation much above the present surface

! Karl Ver Stecg: Wind Gaps 'and Water G
lachians, Their Characteristics and Signiﬁggncc":‘psNggv t};?mﬁorg::él Appa;
Sc;gr}ge?. Annals Vol;1 XXXII, pp. 87-220, 1930, e
eference is made to the wide (2 miles, mor &
gaps at elevations 140 to 180 feet above tide and nito:o I‘ehs:)n::::zottgmcd
cut in interglacial or postglacial time in their bottoms.. goTRES
t Douglas Johnson, loc. cit. pp. 103-131. )

o
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level. With the removal of the Cretaceous beds the river was
superimposed upon these belts of hard rock across which it con-
tinued to flow dnring the development of the Schooley peneplain
and in the period following its uplift. During a later eyele of
erosion another river working headward along the softer rocks east
of the Palisades and following the present course of the lower
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Hudson diverted the upper river near Sparkill, This was the

more possible because the ancient Hudson across New Jersey must
have been much retarded in lowering its channel because of the
resistance afforded by the numerous ridges of trap rock through
which it had to cut. ¢

Uplift and warping of the Schooley peneplain—In picturing te
oirselves the Schooley drainage, we must of course always remem-
ber that these streams, even though some iwere the dircct ancestors
of our present rivers, were flowing at levels much above the pres-
vnt drainage lines; i. e, at the Schooley peneplain level, With
the uplift of the Schooley peneplain in later Tertiary time, the
eroding power of the streams was revived and their valleys® were
in time deeply cut below the peneplain surface. Since the uplft
of the peneplain involved a downward tilting of the Jand surface
‘to the southeast, the iransverse streams which had survived ad-
justments during the Schéoley eycle were confirmed in their in-
herited conrses and given renewed power to deepen their channels.
The streams through the Delaware Water Gap and Culvers Gap
began the excavation of the present gaps. At this time, too, the
streams neross Scoits Mountain {p. 138) eut the existing gaps to
‘depihs 350 to 250 feet below the peneplain level, before they were
dismembered by streams working on softer rocks at lower levels,
The Pequest, Pohatecong and Musconetcong streams now following
belts of soft rock at levels below the bottoms of these gaps may

all have had a hand in these captures. vt

" The southesst master streams and their tributaries began the
long task of excavating the great depression west of Kittatinny
Mountain; and the equally difficult task, although of lesser volume,
of cutting the narrow gorge through the more massive rocks at
the Water Gap and at Culver's Gap. The streams of Kittatinny
Valley began to work out the great trough that now scparates the
ighiands from Kittatinny Mountain. The Musconeicong and
Pohatcong rivers began the excavation of their inter-Highland
valleys, and the German Valley-Greenwood Lake depression was
commenced, At the same time, as already poted, the transverse
sireams crossing the crystalline rocks of the present Highlands,

B -
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the Pequannock and the Rockaway, continued with renewed vigor

the-difﬁcult tasic of lowering their valleys through the resistant
gneiss,’ - '

Development of wind gaps.—The origin of the wind gaps across

Scotts Mountain has already been diseussed (p. 137). Culvers .

Gap through Kittatinny Mountain, northwest of Branchville, is

" the most conspicuous gap in New Jersey not now occupied by any

stream. This gap is aboui two-thirds of a mile across at the top,
I.:'road at the bottom and its depth below the Schooley peneplain
is about 390 feet. Its bottom is 900 to 920 feet A. T., but is ob-
'-ftructed with glacial drift the thickness of which is unknown, so
it is now impossible to state to what depth it had been cut in
preglacial time,

It is evident that a large stream rivaling in size the present
Delaware crossed Kittatinny ridge on the line of this gap during

- - the Schooley cycle and for a long enough period after the Schooley

uplif.t o cut the gap at least 390 feet below that Jevel, and perhaps
considerably . deeper. It has recently been suggested by Camipbell
and Bascom! that this gap represents the former course of the

" Delaware River, from which it was deflected by an early ice sheet

and to which it could not return after the meiting of the ice.
Miller (R, L.} concurs in aseribing to the Delaware a preglacial
course through the gap, although he does not agree with the lower
course? as suggested by Campbell and Bascom.

The more commonly accepted interprefation is that two master
streams (the Delaware and the Culvers Gap river) maintained
southeasterly superimposed courses across the Schooley peneplain,
sbout 23 miles distant from each other; that the Water Gap
gtream was the larger, as shown by the greater top width of its

gap s compared to that of Culvers Gap; that following the
Schooley uplift, longitudinal sireams deepened their valleys on the

soft beds on the northwest side of Kittatinny Mountain; that one
of these following the course of the present Delaware above the
Water Gap or the line of Flat Brook ahove Wallpack Bend, finally
intereepted the Culvers stream and diverted its head waters; that
this did not oceur during the early period of post-Schooley erosion,
but after a second uplift had rejuvenated .the streams in late
Tertiary time. (See below).

1 Camphell, M, M, and Bascom, F,: Origin and Struct Fth
Pensavken Gravel. Amer. Jour. Science, Sth Series, Vol. 26, 19.3.‘;:r;. 3?)0-3‘:1‘9‘3
# Miller, Ralph L., Proccedings of the Pennsylvania Academy of Science,

Vol. X1I, !. pp. 1072-113.
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History of Delaware River~—The present Delaware is beyond
doubt a composite stream, different portions of which have had
diverse histories. The upper section immediately above Port
Jervis follows the southeast course inherited from an assumed
Coastal Plain cover, but the lower course across the Highlands

 cannot now be identified unless the Pequannock be its beheaded

remnant. From Port Jervis to the Water Gap the river follows
first & longitudinal valley excavated en soft Marcellus shale, and
below Wallpack Bend an adjoining lowland exeavated on soft shale
of the Salina group. It is believed that the excavation of these
valleys was commenced during the Schooley cycle by subsequent
tributaries of the streams which had inherited their courses across
the hard rock of Kittatinny Mountain from the Cretaceous cover;
that after the Schooley uplift these streams were rejuvenated,
their valleys greatly deepened along the belts of soft rock and the
upper Delaware diverted at Port Jervis by a tributary of the
Culvers Gap river and that later this river was in turn captured
by a tributary of the Water Gap stream.

According fo this hypothesis the S-shape curve of the present
river at Wallpack Bend is perhaps an inberitance of a flood-plain
meander developed by the tributary oun the Schooley peheplain,

Below the Water Gap as far as Bordentown the Delaware flows
in general southeast across the structure of both the Paleozoic and

- "Priassic formations. This is to be expected on the assumption of

superposition from an overlapping Cretaccous cover. The gaps
it has eut in the Ilighland ridges south of Martins Creck and in
Sourland Mountain near Lambertville, where remnants of the
Sehooley peneplain are still preserved show that it followed essen-
tially its present course in Schooley time, although the short
southwest-northeast section between Manunka Chunk and Easton

indieates a minor adjustment to the folded structure of the -

Paleozoie beds, A
The section of the river below Bordeniown follows closely the
contact of the basal Cretaceous beds on the aneient erystalline
floor. Sinee progressive removal of the Cretaceous beds causes the
contact to migrate southeastward, 1. e, down the dip of the over-
- lying strata, it is highly probable that at a higher level the river
flowed somewhat northwest of its present trench.

Tre HARRISBURG PENEPLAIN

Origin—Continued erosion of the uplifted Sc_hooley peneplain
resulted in late Tertiary time in the development of a_wide low-
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land on the softer rocks, at a level now represented by the broad
summits of the Martinsburg shale belts in Kittatinny and Mus-
conetcong valleys at an elevation 500 to 600 feet lower than the
Sehooley peneplain (Fig. 10).

In the harder rocks of the Highlands the streams eroded narrow
v.alleys to depths presumably aceordant with this level, but the
time was not sufficient to develop well-marked plains or terraces in
these valleys, and bence this level has ot been recognized on the
steep sides of the narrow Highland valleys. In the belt of the
softer Triassic rocks also, so far as it was not submerged, a plain

a0 £
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Fig. 10. Profile across Kittatinn
¥ Valley showing by dJdo
‘Harrisburg peneplaln and existing remnaj;lta. tted line the

at an accordant level was probably developed, but later erosion
haa apparently destroyed all traces of it. This {ovel is belioved to
be th.e' equivalent of the peneplain developed in the vicinity of
Harrisburg, Pennsylvania, and it has, therefore, been ecalled the
Harrisburg peneplain.

It is not possible to date with accuracy the erosion period which
produced the Harrisburg peneplain. According to the view here
ac;opteFd the Schooley level was the result of erosion which began
with the uplift of the upper Cretaceous sediments in late or post-
Cretaceous time, and continued well into the Tertiary., Parts of
quene and of Mioeene time were, as we have seen (p. 126)
periods of sedimentation in southern New Jersey but for portion;
of the State and adjoining regions, which were not submerged
during the deposition of these beds, erosion prevailed continuouslty
and_ even for the arecas alternately emerged and submerged, th;
periods of emergence and crosion may have been as long or even
longer than those of deposition. It may be, therefore, that the
Schaqley peneplain was completed by middle Miocene and the
Harrisburg peneplain in late Miocene, although the evidence is by
no means conclusive, ’ .

Manifestly the ecrosion interval indieated by the Harrisburg
peneplain was only a fraction of the time needed for the Schooley,
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for the former was developed only on softer rocks—shale and lime-
stone, over limited areas, whereas the Schaoley level beveled hard
and soft rocks alike—quartzite, granite and trap rock as well as
solt shale and soluble limestone.

Disseetion of the Harrishury peneplain—Late in Tertiary time,
the land was uplifted and as a result, the streams in northern New
Jersey that had reached the base Jevel indicated by the Harris-
burg pencplain recommenced their task of reducing the land to a
new erosion level, This gave further opportunity for stream ad-
justment to geologie structure, for stream captures and for erea-
tion of wind gaps. However, judging from the elevation of the
floors of existing conspicuous wind gaps in New Jersey, most of
them Jost their streams in the Harrisburg cyele as a result of the
uplift of the Schooley peneplain.

In Kittatinny Valley and the Highlands it is not possible to
Mifferentiate the erosion during this eycle from that later—in early

_Quaternary time—and it can only be sajd that where the Harris-

hurg peneplain had been developed it was disseeted, and that in
{he harder rocks where it was absent the strcams continued the
'“;m-k of decpening their vallevs. On the softer shale of the
Trinssic belt, however, more rapid progress -was made and the
Harrisburg peneplain was probably reduced nearly to a new base
level, above which remained the resistant trap ridges and the
platean of hard sandstone and argillite west of Flemington. The
crests of these continued to retain nearly the altitude of the old
uplifted Scheoley peneplain.

Remnants of this erosion surface now carry deposits of yellow
gravel called the Bridgeton, and the oldest of several QQuaternary
deposits found in New Jersey. They have not been recognized
with certainty in the Triassic belt, but, if any of the higher out-
lving areas of yellow gravel referred to the Pensauken are in
reality Bridgeton, the surface on which they rest represents the
level established at this time! It was probably a little, but not
much, above that determined by the next epoch of erosion in the
interval between the Bridgeton and Pensauken stages of de-
position,  {p. 148).

1n 4be Constal Plain in late Pliocene (pre-Bridgeton) time, ex-
cept for aceasional small areas capping isolated hills, the Beacon
1ill, Cohansey and Kirkwood formations were removed from &

1 Patches of gravel at 220 fect near Lawrenceville and at 200 to 240 feet
near Pennington perhaps mgrk the approximate elevation of the pre-
. Bridgeton surface at thoze pomts. : . .

NEW JERSEY GEOLOGICAL SURVEY ~ ~
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wide belt noft‘hwést of & line from Long Branch through Freehold,
Clarksburg, Mullica Hill, Woodstown and Alloway. The region

" of the Clarkshurg Hills and Mount Pleasant Hills was dissected to

depths 160 to 200 feet below the present gummits, but we do not

Jmow how much higher the summits were then than now. Adja- -

cent to the Delaware there was formed a broad lowland tract, the
surface of which is now from 110 to 135 feet above the sea in the
Camden region. On the southeast this lowland was bordered by
land some 50 feet higher, Northeastward it was probably con-
tinuous with a lowland that extended, then asmow, along the inner
margin of the Cretaceous strata to Raritan River. During this
period the streams flowing direetly to the ocean, like Maurice
River, Mullica River and others, were likewise developing valley

"plains along their courses.

QUATERNARY PERIOD

Introductory. statement.~The Quaternacy formations of New

- Jersey consist of : (1} Pleistocene deposits of both glacial and non-
glacial origin~—the former oceurring in the northern eounties, the -

latter chiefly on the Coastal Plain; (2) recent alluvium along many
streams, beach deposits and swamp accumulations. Compared te
previous periods the Quaternary has been very short, the maxi-
mum estimate of its Iength being 1,000,000 to 1,500,000 years. Of
this all but a very small part must be assigned to the Pleistocene

epoch and a few thousand years only to the postglacial or Recent .

epoch, >
TIHE PLEISTOCENE.

Subdivisions—In North America as in Burope, during the Pleis-
tocene ice sheets covered thousands of sguare miles to a thickness
of many hundreds or even thousands of feet. These glacial stages
alternated with warmer interglacial stages during which the ice
sheets melted far back from their southern limits or even disap-
peared entirely. There is evidence to show that these interglacial
times were not only warmer than the glacial stages which pre-
ceded and followed, but that in some cases at least the climate was
warmer than the present, '

" In the Mississippi Valley the following glacial and interglacial
stages have been recognized, beginning with the most recent i—

Wisconsin glacial stage. (including the Jowan).

Sangam: terglacial,

Tilinoian

[P
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Yarmouth interglacial.
Kansan glacial.
Aftonian interglacial,
Nebraskan glacial,

Changes of sea level.—Of recent years geveral writers' have em-
phasized that during the glacial stages large amounts of water
were abstracted from the ocean basins and locked up on the con-
tinents in the form of ice. Antevs has calculated that during the
Wisconsin stage this amounted to a layer over the ocean basins 305
feet thick if maximum glaciation occurred simultaneously in the

. northern and southern hemispheres; and that in the earlier glacial
stages it was possibly about the same. Hence he argues that the
glacial stages were times of relative emergence of the continents
and retreat of the shore lines. For New Jersey during the Wis-
consiu stage he holds that the shore line stood 80 miles east of its
present position. -

With the melting of the ice sheets, the water was returned to the
ocean basins, and the shore line readvanced across the continent.
'The interglacial stages then were times of construction of marine
terraces along the coast and aggrading of valleys due to the drown-
ing of their lower courses. - !

Whatever weight we may give to this interpretation of eventis

~ and changes of sea level during the Pleistocene, there are other

factors of which we must take notice, During the Wisconsin
glacial stage a series of marginal lakes accumulated in northward-

" draining valleys in front of the ice sheet, the former margins of

which are now marked by a succession of shore lines indicating the
levels at which the water surface stood at different times. Hori-
zontal when formed (except for a slight slant of the water surfnces
due ta gravitational attraction of the ice sheets), these shore lines
now rise at varying rates to the nmorth and nortbeast, proof posi-
tive that since the maximum advance of the ice there has been &
differential uplift of the continent—~-at least in the srea marginal
to and beneath the ice, Similar phenomena are found along the
coast of New England and the Guif of St. Lawrence. Because the
1and has risen since the melting of the Wisconsin ice, and this up-
“ward movement has been greatest where the ice was thickest, it is
a fair assumption that this movement has been in the nature of an
elastic reeoil or isostatic readjustment in late glacial and post-
. glaciz-tl time from the compression due to the weight of the ice.

e St
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We have, thercfore, opposite tendencies; on the one hand sub-
siding sea level and a retreating shore line because of transfer of
ocean waters from the hasins to the continents, on the other a sub-
siding continent beneath and marginal to the ice sheet. If these
agencies were simultancous in operation, they might exactly
counterbalance each other. However, lowering of sea level by
transfer of water must have procceded ““pari passn’’ with the
growth of the ice sheets, and reached a maximum with their great-
ert extension. Moreover these effects must have heen world wide,
affecting all shores nlike, On the other hamb subsidence of the

land beneath the weight of the ice could only begin after the ies -

had aceumulated to a considerable thichness and would reach a
maximum only after considerable lag. Morcover it eould affect
only the parts of continents covered by ice sheets and a marginal
area. The period of ice growth and maximum ice extension was
therefore a time of sinking sea level more or less counterbalanced
toward the end by subsidence of the crust bencath the weight of
. the ice cap in glaciated and marginal regions. The period of ice
Enelting on the contrary was a time of advancing shore - lines
due to rising sea level and continued sinking of the land. Later,
however, as the ice margin retreated and the weight of the ice eap
over its entire extent became less, the rising land would tend to
counterbalance the effect of the melting ice.

Vailey trains.—Valleys which drained south from the ice sheet
were occupied by rivers flooded in summer with melt water and
heavily overloaded with debris from the ice. Their valley bottoms
were aggraded as they dropped part of their load and built steeper
gradients in an effort to carry the load supplied them. This pro-
cess began as soon as the ice entered the upper limits of a south-
- ward-draining valley, and continued at varying rates of speed dur-
ing its growth, maximum extension and retreat. The glacial stage
was, therefore, not only a time of stream erosion along the lower
courses, where the retreating coastline had increased the stream
gradients, but it was equally a period of stream aggradation in
areas marginal to the ice sheet. We have, therefore, the follow-
. inpg phenomena :~ : :

Glacial stages—Accumulation and extension of ice sheets. Sink-
ing sea level. Extension of rivers across the uncovered oOcean
floor. Stream erosion if the stream gradients are inereased there-
by. Aggradation of the upper courses of rivers draining the ice
sheet by formation of glacial valley trains, Ultimately a sub-
sidence of the land mass beneath the ice cap and a slow advance

. -
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of the ocean on the land if the subsiding area included lands mar-
ginal to the sea. f

Withdrawal and disappearance of ice sheets.—Rise of ocean
level by return of glacial waters, _Continued sinking of land until
mich of ice had melted but at a diminishing rate. Formation of
ghorelines at levels above the present coast fine. Continued depo-
sition of glacial valley trains antit the ice had disappeared from
southward-flowing stream basins. Regrading of valley trains and
cutting of river terraces due to lesser loads,

Tuterglacial or postglaciol stages.—Disappearanee of glacial ico
enps, Qcean basing full, Rise of tnid due to disappesrance of ieo,
Differential elevation of earlier-formed shore lines. Erosion or ag-
gradation along streams according to local conditions of load and
gradient.

With tie above prineciples in mind, we now tirn to the events
of the Pleistocene as they have been interpreted in New Jersey.
The Pleistocene deposits are in part non-glacial and in part glacial.
We shall consider-them in that order, -

CENOZOIC ERA

. Non-Glacial Formations.

Materials.—The non-glacial deposits consist of gravel, sand and
gome clay, deposited chiefly by rivers bng partly in estuaries. This
material was not primarily derived from the jee sheets, although
perhaps it contains a minor contribution from this source. In time

these formations are referable chiefly to the interglacial stages, al-

though during glacial times, non-glacial deposits may have been
made by streams which lay wholly beyond the region covered by
the ice. .

Three formations of this character have been distinguished,
partiy on lithologie and partly on topographic gronunds. These are

the Bridgeton, the Pensauken, and the Cape May. Bach repre
conts a time in which both erosion and deposition oceurred in south
Jersey, but in_which _deposition predominated. They were separ-
ated by iptervals in which erosion prevailed over deposition, al-

though the latter did not cease. Consequently, there are, in ad-’

dition to the deposits referred to these formations, others accumu-
lated loeally during intervals of erosion, whose lithologic, topo-
graphic, and age relations are not so clear, Changes of relative

elevation of Jand and sea are believed to have accompanied and to
sorne extent to have caused the alternate periods of erosion and

deposition, but it is not believed that submergence was 5o great as

NEW JERSEY GE(PLOGICAL SURVEY
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to have depressed below sea level all thie region in which these beds
are now found. The relation of the three stages of glaciation and
the three stages of deposition is'not wholly clear as will be seen in
the following pages. .

Bridgeton deposition (Qbt) -—Fnrly in Quatcmary time the

streams in the southern and central portions of the State ceased
to erode and began to aggrade the lowland by depositing the sand
and gravel that eonstitute the Bridseton formation. To what ex-
tent this was due to changes of elevation of land and sea or to
elimatic changes is uncertain. There was probably a moderate
_submergence, particularly of the lower courses of the rivers. Those
heading far to the north, as the Delaware and its larger tributar-
ies, may have carried material derived from an early glacial ice
sheet either directly or by erosion of an early drift sheet, since
some of the material in the Bridgeton seems to have been trans-
ported by floating ice. When the submergence reached its maxi-
mum there was probably a broad sound between Raritan Bay and
Trenton, connecting with another arm of the sea in the lower Dela-

ware Valley. The change of level at its maximum was such that

.most parts of the State that are now 200 feet or less above the sea
were probably then submerged. If so, deposition by rivers pre-
vailed over this area during the early stages of subsidence and by
the sea during the maximun® submergence. :

The Bridgeton formation is essentially gravel and sand, with a
maximum thickness of 30 fect, the materials having been derived
from the Beacon Hill, Cohansey, Kirkwood, and the various Cre-
taceous, Triassie, Paleozoie, and erystalline pre-Cambrian forma-
tions. The material from the erystallines and the Triassic is al-
most invariably friable and crumbles readily. Some boulders are
50 large and of such a character, that it scems scarcely possible
they could have reached their present position without the aid of
" floating ice. The formation occurs as cutliers capping hills and
divides, and is manifestly now only a remnant of an ancient de-
posit formed in large part by rivers. (See ‘‘Molding Sand,’” p.
189}. It is comparable in o general way to the Sunderland ot
Maryland, although the limits of the two may not be the same,
and somewhat diverse views of origin are held by workers in the
respective fields.? '

Past-Bridgeton uplift, Somerville peneplain.—After the deposi-

t For further discussion of this formation and the problems of its dis-

tribution and origin, the reader is referred to New Jersey Geol, Survey,

Final Repor ies, Vol. VIII, pp. 12-66.
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tion of the sediments now constituting tlie Bridgeton formation,
there was an emergence of the land and the newly-deposited beds,
ae well as others above the sea, were subjected to erosion. The
Iand stood for a time at least as high as now, as shown by the
depth of the valleys then excavated.

A broad plain of erosion was developed between Raritan Bay
on the northeast and Salem on the southwest, This plain was
about 20 miles wide at New Brunswick, 12 miles wide at Mon-
mouth Junction, 15 to 20 miles wide between Trenton and Phila-
delphia, 10 miles at Chester, 20 at Salem. Southeast of this broad
valley lay the main divide of South Jersey, along the line con-
necting Atlantic Highlands, Mount Pleasant, Clarksburg and Ber-
Iin, Beyond the divide, the streams flowing directly to the Atlan-
tie, also developed broad valleys during this period, and the tribu-
tary streams entering this valley from the northeast widened their
valleys to aceordant levels. As a result of this erosion whatever
of the Bridgeton had been deposited on the Triassic area, and
mueh of that on the Cretaceous beds, was removed and these older
formations themseives worn down to the mew base level over wide

.BI‘B&S

In the valley of the Raritan and its branches thls new level is
now represented by the low flat divides between Bedminster and
Flemington, approximately 300 feet above the sea. South of Mill-
stone and east of New Brunswick and Metuchen and west of Skill-
man corresponding surfaces are found at elevations of shout 130
feet, while for a few miles southeast of a line from New Bruns-
wick to Trenton the present elevation of the old plain is less than
100 feet and it is now mantled with gravel deposited in the sue-
ceeding stage.

JIn the Coastal Plain region there were some minor elevations—
crosion remnants,—above the erosion level, such as Mount Holly,
Mount Laurel, Arneys Mount, Disbrow Hill, and the Browntown

. hills, the highest of which rose more than 100 feet above the plain

of erosion which had been thus formed.

Most of the material removed during this epoch was carried to
the sea, but subordinately, especiaily during its later stages, some
of it was deposited in valleys on the land. Locally there is evi-
dence of a slight uplift Iate in the cyele, which permitted the
streams to exeavate narrow gorges in the peneptain. Thus at
Kingston a valley 60 feet deep seems to have been cut in the pene-
plain previous to the deposition of the next formation,

The erosion surface developed in this post-Bndgetb(pre-Pen-
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sauken) time has commonly been called the Somervilie peneplain,
1t represents a lower level of denudation than the earlier llarris-
burg peneplain, Most of the crosion scparating the two was ac-
complished in late Tertitary time, and the surface at the close of
the Pliocenc may have approximated very closely the level on
which the later 'ensanken formation was deposited. Nevertheless,
the final stages in the development of this well-marked plain are
referable to the erosion that followed the deposition of the
Bridgeton gravel in early Quaternary time, .
Pensauken deposition {Qps).—After the post-Bridgeton stage of

erosion, deseribed above, there wus a period eharacterized pre-

- eminently by deposition in the central and southern_portions_of

the State. This was probably oecasioned by _a slight submergence,
which resulted in drowning the rivers in their lower courses. As
a consequence, they ceased to erode and began to fill their valieys,
Deposition took place also in the bays that oceupied the drowned
portions of the valleys and along the submerged séaward margin
of the State. It is not now possible to determine accurately which
of the deposits of this age are fluviatile and which estuarine or
marine in origin, but it is probable that all three classes were made
in the State at this time. The resultant formation has been colled
the Pensauken. : '

During maximum submergence, a8 in Bridecton time, it is prob-
ahle that a sound extended across New Jersey from Raritan Bay
%o the Delaware at Trenton, and that south of it there were jslands,
Jarge and small, Sinee, however, the Pensauken gravel does not
ocenr at sneh etevaiions as the Bridgeton it is inferred that the
Pensauken submergence was not so great as the Bridgeton, and at
its maximum the sea may have covered only those poriions of the
State that are now less than 130 feet or thercabouts in elevation.
Indeed, it is by no means demenstrated that it reached this eleva-
tion, although there are many facts that point to this conclusion.
The sand and smaller pebbles are chiefly quartz, but pebbles
and cobbles of shale, sandstone, quartzite and erystalline rocks
from the Triassie, Paleozoie, and pre-Cambrian formaticns are
widely distributed. 1In addition there are chert, water-worn iron-
stone pebbles and varying amounts of glauconite which with much
of the quartz came from the erosion of the older Coastal Plain
beds, There is considerable local variation in size and kind of ma-
terials, as is to be expected. The deposit is commonly arkosie
where northerly derived material is present, and glauconitic where
the bulk of the material eame from the Coastal Plain.

1
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The original maximum thickness may haye been as much a8 150
fcet atong the axis of the broad depression in which it was meinly
deposited, but toward the margins it was much less, The average
thickness of the formation, as it mow exists, varies in different
Jocalities from 10 to 20 feet in some regions to 40 or 60 feet
in others. o

In general the Pensauken much resembles the Dridgeton and
frequently cannot be distinguished from it on lithologie grounds,
I other localities there are significant differences in compositiont
Where both are present, however, it invariably oceurs at lower
levels, and has suffered less efosion. Its deposition obliterated the
smaller and partially filled the larger valleys eroded in post-
Bridgeton time, forming broad floed-plain deposits along the drain-
age lines, thus smoothing over all but the greater inequalities of
surface on the lower parts of the Somerville peneplain. The
coastal portion of the State was more or less gubmerged during
this period of deposition, but the Pensauken formation is probably
due primarily to stream deposition rather than to marine or shore

CENOZOIC ERA

* epnditions.

Glaciol Formatlions,

* Types—~Under this head are included not only the material
deposited directly by the'ice sheet, but also the material deposited
by the melt water from the ice. Some of this was deposited in
immediate proximity to the ice, and some along the course of
streams many miles south of the ice margin, but nevertheless com-
posed principally of material which had been transported by the
glaciers. Material deposited directly by the ice is in general a
tongh, stony clay, unassorted, heterogeneous in size and kind. That
deposited by the glacial waters is waterworn, more or less nssorted
in size and deposited in layers, The former is called fill: the latter
ir usually gravel, sand, silt or clay.

In New Jersey the glacial deposits are now believed to belong
to three widely separated epochs, or stages, Jerseyan (oldest),
1llinoian, and Wisconsin (youngest), These glacial stages are be-
lieved to have been separated by warmer periods during which the
ice retreated far beyond the boundaries of the State,

Jerseyan glaciol stoge.—In 1892 Salisbury announced the identi-

fieation in New Jersey of a very ancient sheet of glacial drift, 1y-

1R, D. Salisbury and G. N. Knapp. The Quaternary Formations _of
Southern New Jersey, Geol. Surv. of N. J,, Vol. VIIi, Final Report Series,
(1917) p. 65. '. - . j s
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ing south of the great terminal moraine formed by the Wisconsin
ice sheet. In subsequent years he and his associates' mapped and
' deseribed this deposit. From the first its great age compared to

the Wisconsin drift was recognized but because of doubt as to its
correct correlation with several old drifts of the Mississippi

Valley, it was named Jerseyan. While not all the areas first in-

cluded by Salisbury under this term are now regarded of equal
age, his main conclusion has never been suceessfully challenged
that early in Quaternary timé northern New Jersey was invaded by
an ice sheet that advanced approximately to latitude 40° 35"N.
{Pig. 5). In Delaware Valley 1t reached a point below Riegels-
ville where obscure glacial scratehes have been observed on a ledge
of gneiss. Further east, evidence of its presence has been found
. as far south as Pittstown, Lansdown Junction, Lebanon, White
House, Readington and Raritan.

Areas of Jerseyan drift occur in railroad cuts. just west of
High Bridge, east of Pattenburg, west of Washington, at various
points along the road skirting the southwest face of the trap ridge
“angd along the Somerville-Pluckemin road north and northwest of
Somerville, near Drea Hook south of White House Station, and at
numerous localities between White House and North Branch.

Cushetunk Mountain apparently stood as a barrier forming a
reentrant angle in the ite front, on either side of which ice lobes
advanced several miles further south. East of Somerville it prob-
ably did not reach as far south as the later Wisconsin ice sheet,
Jerseyan drift not having been found there south of the terminal
moraine of Wisconsin age.

The ice sheet, particularly pear its margin, was mueh thicker in
the inter-Highland valleys and on the Triassie plain than on the
Highlands and the drift deposited was correspondingly thicker
and more continuous, Locally, as north of Raritan, the ice overrode
_ beds of gravel which resemble the Pensauken (or Bridgeton)

without disturbing them and covered them with drift, but for
the most part it did not reach those portions of the Triassie
lowland covered by this gravel,

The Jerseyan drift now occurs in discontinuous patches south
of the later Wisconsin terminal moraine to a maximum distance of
93 or 24 miles. In the Highlands it is found on the flat-topped
remnants of the Schooley peneplain, locally at elevations greater
than that of the moraine further north, while on the Triassic

Geolog| 01 (1892), p. 102, and following volumes.

1R, i Salisbury, Geol. Surv. of N. J., Annval Report of the State

’:ﬂl"t.
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(Piedmont) plain it eaps isolated andl somewhat flat-topped di-

vides in relations that indicate prolonged erosion since its deposi- -

tion. It is everywhere characterized by great oxidation and leach-
ing, and by the disintegration of large boulders of gnelss and
granite deep within its mass, which must have been in a firm con-
dition when transported by the ice to their present positiont

The Jerseyan drift ends indefinitely and in scattered boulders,
owing partly to the great erosion to which it has been subjected
and partly to the fact that no massive moraine marked its south-
¢rn margin. Ounly a short interval, therelore, sepgrated the time
of the jee advance from that of its retreat.

Illingian drift.—In the earlier reports of the State Survey
1591-1914, only two drift sheets were recognized, the Jerseyan of
great antiguity and the Wisconsin of late Quaternary time. Even
from the beginning, however, it was seen that not all the glacial
drift south of the Wisconsin moraine, presented the same evidence
of great age. Some of it is due to temporary advances of the
Wisconsin ice sheet beyond the moraine and is indubitably of Wis-

consin age. Some of it was deposited by Wisconsin flood waters

as sand and gravel, miles south of the moraine (valley trains and
over-wash plains). Disregarding this material which is & part of
the Wisconsin drift, it is nevertheless true that the drift older than
the Wisconsin is not all of the same age. Whereas in some ex-
posures it is leached and oxidized and large granite boulders com-
pletely disintegrated to depths of 20 or 30 feet, in other localities

Jimestone pebbles have been completely removed only to depths’

of 12 feet or less. In some regions, as on the Triassic shale be-
tween White House and Somerville, it caps hills and divides be-
neath which streams have sunk their valleys up to 100 feet, where.
as in other areas it lies on rock surfaces eroded nearly to the
depth of the present drainage.

Because of these and other differences, it is now generally

agreed that these fresher phases must no longer be classed as
Jerseyan, but are more probably Iilinoian, and are much younger
than the Jerseyan although older than the Wiseonsin.

According to Leverett, to whom we are chiefly indebted for this
conclusion, the drift in New Jersey which seems referable to the

JR. 1. Salishury, Extra-morainic Drift. New Jersey Geel. Sury,

Annual Report State Geologist for 1893 (1894) pp. 76 & et sed. R, D
Salisbury, Glacial Geology, New Jersey Geol. Surv., Vol. 5, Final Report
Series, pp. 751-782, 1902, L.

> Frank Leverett, Glacial deposits_outside the tetminal moraine in Penn-
svlvania, Penna, Topog. Geol. Sytv., Bull. G-7 (1934) p. 33,
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Nlinoian stage borders the Wisconsin sheet in a narrow zone be-
tween Dover and Hackettstown and covers much of the lowland
areas on both sides of Schooley Mountain. In the Delaware Val-
ley it extends as far as Riegelsville. . In the Tassnic Valiey large
masses of drift at Bernardsville and Basking Ridge attain a thieck-
ness of 50 to 100 fect and are regarded by Leverett as Illinoian
in age, although in many respeets they show cvidence of great age.
MaeClintock has reeently classed them as Jerseyan, on the basis
of o careful statistical study of the nuraber of weathered boulders.
‘ The Ilinoiar drift is very largely clayey till, but in some lc;cal-
ities, southeast of Phillipsburg and 3 miles south of Dover, large
masses of gravel and sand oceur and extensive pits have been
opened,

Along several rivers which lead away from the Wisconsin
moraine there are gravel trains deposited by the flood waters
during the melting of the Wisconsin ice gheet. Nothing com-
parable to these has been observed along the streams draining the
areas covered by ecither the Illinoian or the Jerseyan ice sheets.
In places on the Delaware pebbly material is present at levels con-
siderably higher than the Wisconsin gravel train, notably from
Raven Rock, elevation 200 feet, (140 above the river) to Wil-
burtha, at progressively lower levels. Salisbury was inclined to
correlate this material with the Pensauken, but s0 far ag available
information goes it may represent a remnant of the Jerseyan
_valley train. ,

The North and South Branches of the Raritan River are in
places bordered by clayey aravel deposits locally .in the form of
terraces. Since the head waters of these streams both drain the
region covered by the Tllinoian ice, at first thought it seems that
these gravels represent outwash deposits from the Illinoian drift,
particularly as they occur at & higher level than the  Wisconsin
terraces at localities (Weston to Bound Brook) where both occur.
Qalisbury’s final conclusion that they had been deposited by the

present streams long after the earlier (Jerseyan) glacier had left -

the region, and that they had been derived in part by erosion of
the earlier ice shect after the valleys had been excavated essen-
tially to their present level, was based on his assumption that there

1 MacClintock, Paul. Bulletin Geol. Society of America, Vol 51 .
103-113, January 1940, MacClintock has determined that if the amount pg{
\fveatherjngﬂ?f gniclsﬂ s{ﬁncs ind t];e W:it&consin drift is reprcsented by the
igure 42, that of the Iilinois drift in New Jersey is 64, and th
(Kansan) is 75. - : ‘ L ¢ Jerseyan
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was only one carlier drift sheet, the Jerseyan. The writer recalla
no essential reason why these deposits may inot be connected with
the closing stages of the Illinoian.

Relations of the Bridgeton and Pensanken formations to the
glacial stages.~—Both the Bridgeton and the Pensauken formations
contain materials of snch size and in such locations as to imply the
aid of floating ice in their aceumulation, Moreover, north of Rari-
tan are two hills in which yellowish sand greatly resembling the
Pensauken underlies a stony clay whieh in many respects closely
resembles the Jerseyan drift of that neighborhood. On the strength
of this evidence the Pensauken has heretofore been connected with
the Jerseyan drift and the Bridgeton with a still earlier ice sheet,
not recognized in New Jersey. The great erosion to which both
the Pensauken and the Jerseyan have been subjected lent weight

to this correlation. .

Ilowever, the recent discovery by Berry and Hawkins* of a flora
in the Pensauken in Middlesex County, which indicates a climate’
somewhat more genial than the present, appareptly negatives its
reference to a glacial stage. Moreover, according to the glacial-
control hypothesis of Antevs and others, glacial stages are times
of sinking sea level and 1and erosion (except along valleys drain-
ing meiting ice sheets), while interglacial stages are times of sub-
mergence of continental borders, formation of marine sediments,
and aggradation of stream valleys. The weight of evidence at
present, therefore, favors the interpretation that the Pensauken
and probably the Bridgeton are preglacial or interglacial rather
than glacial. The oceurrence near Raritan of Jerseyan® till
on Pensauken (1) sand is not in conflict with this hypothesis.

If these identifications are correct, and all things considered
they seem most probable, then the Pensauken must be referred to
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1 Edward W. Berry and A. C. Hawkins—TFlora of the Pensauken

" formation. Geol. Soc. Am. Bull. Vol, 46 (1935) pp. 245-252.

2 Salisbury, who first described this deposit, stated in 1894: “The drift
at this point does not give any distinctive evidence of having or_lgmalcd at
the hands of glacial ice directly. A single piece of glacially-striated shale,
however, was found,” (Ann. Rpt. State Geol. 1893, p. 83). In 1902.(F}n=l
Rpt. Scries State Geol. N. J., Vol. 5, p. 738) he said: “ . . the hill just
north of Raritan where the drift is somewhat unlike _that at most other
points and is very likely not of glacier origin , . ./ Again in 1917 he wrote!
{N. J. Geol. Surv, Final Rpt. Series State Geol. Vol. 8, p. 78.) “In some
places, as at Raritan, material which has somewhat the appearance of old
glacial drift overlies typical Pensauken gravel and sand.”

From these quotations it is evident that this careful student of these

formations was not attogether certain.of their correct identification,
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the pre-Jerseyan (pre-Kansan) interglacial stage and the Bridge-
ton to a still earlier one.“

Post-Jerseyan and post-Pensauken erosion.—~Both the Jerseyan
and the Pensauken formations have been greatly eroded since
their deposition. On the Triassic plain only patches of the Jer-
~ seyan drift are now found and the larger streams of that region
now flow at levels more than 100 feet below that of the lowest
summits on which this drift .occurs. Moreover, the valleys are
wide and their slopes are gentle, showing that the drainage system
is well advanced. The area now below the drift level is several
times as extensive as the area that rises above it. The distribution
of the Jerseyan drift in this area is such as to compel the con-
clusion that the isolation of the drift-covered hills in the region
between Oldwick (formerly New Germantown) on the north and
Readington on the south, and from a point {wo miles west of
White House on the west and Somerville on the east, fook place
after the drift was deposited and that the surface on which it
. rested is now represented by elevations in general not lower than
200 to 225 feet. It is possible that narrow valleys may have existed
below this level, but certainly no considerable areas. Rockaway
Creek, Lamington River and the North Branch of the Raritan,
gtreams which drain this region, now all flow at levels less than
100-feet. It is evident, fYerefore, that since the deposition of the
Jerseyan drift, the region covered by it on the Somerville pene-
plain has been very extensively eroded.’

Similar evidence is given by the widely seattered remnants of
the Pensauken formation on the Triassic lowland. North of Rocky
Hill the few areas now rising to the 130-foot level about Franklin
Park, Clyde, East Millstone, Raritan, Manville (Findern), New
Durham, and Plainfield, have remnants of the Pensauken gravel,
and the surface on which they rest is a part of the Somerville
peneplain on which the Pensauken was deposited. Between them

1 Of recent years several papers have been published on other phases of
these problems. Persons wishing to pursue the subject further are referred
to the following authors:

Paul MacClintack and Horace G. Richards, Correlation of Late Pleistocene
marine and glacial deposits of New Jersey and New York; Geol. Soc. America
Bull. Vol. 47, pp. 289-338, .

Marius Campbell and Florence Bascom, Origin and Structure of the
. Pensauken gravel, Am. Jour. Sci.. Sth ser, Vol. 26 (1933), pp. 300-318.

Lester Strock. A study of the Pernsauken Formation, Wagner Free
Inst. Sci.. Bull, No. 4 (1929) pp. 3-10.

Paul MacClintock Weathering of the Jerseyan Till. Bull, of the Geol.
Soc. of \America, Vol. 5i, pp. 103-116, January 1, 1940,

1 Sali . Ann, Rpt. Geol. Surv, N. J., 1893, p. 87.
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and at lower levels are wide areas of Triassic shale once covered
by the Pensauken, but now bare, which vastly exceed in extent the
Pensanken remnants.

Not only has the Pensauken been removed, but the rock beneath
has been so dissected by erosion that few remnants of the Somer-
ville peneplain persist except where the Pensauken gravel beds
are found. Since, however, the uplift and emergence that per-

.mitted this erosion were not great and the land was not high, no

great relief has been developed.

Although a small amount of this erosion has been accomplished
in recent times, by far the greater part is referable to the age
immediately following the post-Pensauken uplift. In forming a
judgment as to the length of time necessary to accomplish the
amount of erosion shown, it must be remembered that much of the
region is 20 to 30 miles from the sea, and that the altitude is not
great.. While the rock is shale and, therefore, easily eroded, the
streams had comparatively low gradients and the forms of the
valleys show that erosion was slow. The conclusion is, therefore,
inevitable that the time between the deposition of the Jerseyan
drift and the Wisconsin drift was very much longer than the time
that has elapsed since the withdrawal of the Wisconsin ice sheet.

In the Coastal Plain the evidence of great erosion after the de-
position of the Pensaukenis equally convincing. Along the lower
Delaware below Camden a wide plain bordering the river was
brought down nearly to base level. North of Camden erosion had
not proceeded so far but mature valleys had been developed and,
owing to the peculiar geologic conditions, broad flats had been
produced along the upper courses of the Pensauken, Rancocas,

~ Assiseunk, and Crosswicks creeks.

On the basis of wWeathering and leaching the Jerseyan and
linaian glacial stages are believed to have Leen separated by a
considerable lapse of time, but it is not possible to differentiate
with any certainty post-Jersevan from post-Illinoian erosion. In
the post-Jerseyan (post-Kansan) interglacial stage after the work
of erosion had been largely accomplished, the main streams eross-
ing the Triassic lowland, notably the North and South Branches
of the Raritan, aggraded their valleys somewhat, the average thick-
ness of the filling (Qrd) being probably less than 20 feet, although
locally it was necarly double that amount. In part this wvalley |
filling was derived from the Jerscyan drift, and was brought down
into the valleys after they had been excavated to their present
level, In part it may have been connected with the melting of the
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1llinoian ice sheet. On the Coastal Plain also certain alluvial
. deposits have been recognized that are probably referable to this
age, although these are not represented on the geologic map of
the State. '

Care May DEPOSITION,

Coastal subsidence—After the long period of erosion indisated
by the removal of the I’ensauken gravel (p. 156), there followed
an epoch when deposition again became important. The southern
part of the State scems to have stood a few feet (30 to 50)
lower, or sea level higher, than now. This favored the construc-
tion of marine terraces along the coast, of deltas in the drowned
sections of valleys and the gradual headward aggradation of
giream valleys. If this submergence along the coast was accom-
panied by crustal warping so that the stream eradients were
diminished or by an oversupply of sediment, valley filling pro-
ceeded at an accelerated rate. -

‘We find today deposits of sands and gravels at low levels about
the coast and in the lower ends of valleys and similar deposits
extend far up the valleys to clevations of 140 or 150 feet along
streams which have their source in the higher parts of the Coastal
Plain. These deposits are called the Cape May formation, since
all the material of that peninsula, so far as exposed, belongs to
this epoch. :

The 30-foot and 40-foot plains of sand and loam about Bur-
_ lington, Florence, and Kinkora, and the conspicuous plains at
‘além, now at an elevation of 20 to 30 feet, are referred to the
Cape May. The 40-foot terrace about the south shore of Raritan
Bay is referable to the same period, as is also much of the low-
lying belt about the coast, ranging from 30 to 50 feet in elevation,
and due partly to deposition and partly to erosion of earlier
deposits. - ‘

Along the coast and lower Delaware River these terraces of
Cape May age are not more than 40 {feet above sea level, and are
lower than the Pensauken torraces in the same region; but along
the tributary streams they rise to greater elevations than 40 feet
and in some Jocalities are as high as the Pensauken or Bridgeton.

The formation is described by Salisbury® as follows:
1R, D. Salishury, Quaternary Formations of Southern New Jersey, N. J.
Geol, Surv.,\Final Rpt. State Geol, Vol. 8, (1917} p. 164. .

A
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“ Along the coast.—According to the conception outlined, the
Cape May formation forms a nearly continuohs border about the
southern part of the State, from Raritan Bay to Trenton, and in
addition, extends up the valleys of nearly all streams which come
down to this border. IHow mueh of the formation about the coast
is marine, and how much subaerial (fluvial, pluvial, ete.), is not
determined. If the sea level stood 30 to 50 feet higher than now,
it does not appear to have stood there, or at any other one level,
long for sea cliffs of distinct and unequivoeal character are essen-
tially wanting. On the other hand, the Cape May deposits about
the coast are in places distinctly" terraciform, and consistent with
the conception of marine origin. Distinct sea cliffs at their inland
border are, however, generally wanting. In the coastal phase of
the formation, the materials are not so mixed as in its valley phase.
In the former situation, the sand and gravel in places at least
resemble shore deposits, rather than deposits by streams and rains,

“Topography.—Barring interruptions by subsequent erosion,
the valley deposits, now in the form of terraces, are continuous
with the coastal deposits ,and the contemporaneity of the two is

.not open to question. : At the coast, the level of the valley terraces
" i4 the.same as that of the coastal phase of the formation; but they

rise up-stream at gradients which vary somewhat from valley to

* valley, being less in the lower lands and greater in the higher. In

other words, the gradient of the terraces is in keeping, in a general
way, with the present gradients of the streams.

“‘It is clear, therefore, that the upper limit of the formation is
not defined by a contour line, About the coast it is mostly below
50 feet; but in some of the valleys it runs up to heights three
times as great, and in a few places even higher. The terraces are
well defined in some places and ill defined in others. In some
places they are composed wholly of Cape May material, while in
others, material of this age covers, as with & veneer, a foundation
of older material,

“Comparison with the Pensauken.—Where the Cape May ter-
races rise up-stream to the Pensauken level, as is the case in some
places, it is difficult to distinguish the two formations on the basis
of topography; but if good sections are available, the distinction
between the two commonly is not difficult on the basis of compo-
sition and texture. The material of the younger formation is less
compact and less coated with iren rust, and betrays in various
ways not easily designated, its lesser age. There is a marked
absence of soft decomposed material, such as is often present in

NEW JERSEY GEOLOGICAL SURVEY
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the older gravel, but which would naturally have been ground up

in the reworking of the material in Cape May time. The material

. of the terraces in the valleys is unlike that of the coast in being
much more mixed, much less well assorted, and much less clean.
Tt covers broad areas in the larger valleys, and narrower areas in
the smaller ones.”” .

Age~Until recently the Cape May has been belicved to corre-
spond in age with the valley trains of the Wisconsin ice sheet.
The estuarine terraces along Delaware Bay seemed to be con-
tinuous with those along Delaware River and these, in turn, to
head in the terminal moraine of the Wiseonsin ice sheet. In the
vicinity of Trenton there is no sharp line between the stratified
glacial drift (Qsd) of the Delaware above the city and the Cape

- May formation (Qcm) below, )

In recent years, however, cogent reasons have been adduced by
geveral students of these problems which cast doubt on this corre-
)ation in spite of the strong evidence in its favor. Antevs (loe.
cit.) has pointed out that the Wisconsin ice age was a period of
low sea level, (305 feet less than now) and of withdrawal of the
coast line 80 miles east of its present position. Hence that it
would have been impossible for marine terraces of glacial age to
have formed in their present positions along the New Jersey coast
live. Also much informatifh has accumulated regarding fossils
in the Cape May, and Richards® has recently described a large
mild-water fauna of 104 species from the Cape May formation:
“The fossils from the deeper excavations suggest a warmer climate
than that existing today; those in the upper (younger) part indi-
cate a elimate similar to that of today,  This is consistent with the
view that the Cape May formation was laid down during an inter-

glacial ‘stage, and the presence of the colder-water fossils in the |

upper part may indicate that the climate was becoming colder,
due to approaching glaciation’ (MacClintock and Richards
lae. eit. p. 307).

It seems necessary, therefore, to regard the greater part of what
has heretofore been classed as Cape May, not as a glacial and post-
glacial deposit contemporaneous with the maximum advance and
withdrawal of the Wisconsin ice sheet but as belonging to the
warmer pre-Wisconsin interglacial stage. ‘

Sand and gravel terraces along the Delaware River head in the
terminal moraine of the Wisconsin glacial stage and ean be traced

1 M. G. Righards. Marine fossils from New Jersey indicating a mild
interglacial Anm. Thil, Soc. Pr., Vel 72 (1933), p. 205
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without serious interruption to Trenton, and €arther south. More-
over, below Trenton these glacial terraces apparently merge with
those which are eontinuous with the marine terraces along Dela-
ware Bay. The glacially derived material is progressively less
below Trenton, but it has been found at:intervals as far south as
Penns Grove, although the greater bulk of the material of the
terraces is gravel and sand characteristic of the Coastal Plain
streams, which had no glacial connections and no access to north-
erly derived material,

These facts have led MacClintock and Richards' to assume that
after deposition in pre-Wisconsin intergiacial time, the Cape May

formation was partially removed from the Delaware Valley below:

frenton before the Wiseonsin ice sheet reachied its maximum ad-
vance. The river was bordered by terraces of typical Cape May
gravel, which were more or less eut into by the floods arising from
the melting ice. Coastal plain material was thus added to that
brought down by the Delaware and the intermingling of material
which we now find resulted. According to this hypothesis the
terraces now bordering the Delaware below Trenton are composed
of Cape May material (interglacial) more or less reworked and
redeposited in late Wisconsin time, plus a diminishing amount of
glacial material derived from the Wiseonsin ice sheet, Tost-
Wisconsin erosion has removed a large part of the glacial and pre-

. mlacial filling and developed the present terraces.
Tor further discussion of post-Cape May erosion sec below -

(p. 169).

WISCONSIN 'GLACIAL STAGE.

The Wisconsin drift—After the earlier glacial and the Cape

May interglacial epechs, eonditions changed and an iee sheet
again overspread Canada, and a part of the United States.
inelnding northern New Jersey. The fact and extent of this
invasion are proved by the thick mantle of gineial debris which
now eovers the northern counties. These deposits have heen
called the Wiseonsin drift, from their great development in
Wisconsin where they were studied many years Ago.

The southern extension of the ice during this stage is marked by
a great terminal moraine (Qtm) which crosses the State (Fig. 5)
in a curved line through Perth Amboy, Plainficld, Summit, Mor-
ristown, Dover, Ilacketistown, and Belvidere. South of the
moraine narrow valley trains of glacial gravels characterize some

t Paul MacClintock and Harace G. Richard. 1oc. cit.p. 308,
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of the southward drainage lines, notably Delaware Valley, and
locally overwash plains (Qsd) are conspicnous tepographic fea-
tures (Plainfield aud vicinity). Neorth of thée moraine the rock
surface is covered very generally by the usual assemblage of drift
- deposits, stratified and unstratified,

The unstratified drift or till consists of a elaylike rock flour
{glacial clay) with which are mingled in variable proportions
sand, gravel, rock fragments, and beutders, some of which have a
diameter of several feet. Most of the recognizable fragments are
like the nnderlying bed rock or that of the areas lyving immediately
to the northward. Only a small pereentage of the material has
been transported many miles. Except in the moraine belt the
sheet of -till has not been represented on the geologic map, but it
must be understood as covering the surface north of the moraine
in practically all areas not covered by the stratified drift. Loeally,
however, the underlying rock outerops in relatively small ex-
posures. :

The. stratified drift (Qsd) comprises beds of clay, sand and
gravel that in the process of deposition were assorted and laid
down by water flowing from the ice sheet, as well as those portions
of the till that were eroded and redeposited by the glaeial waters.
This class of deposits marks the lines of glacial drainage and tem-
porary lakes and swamps and occurs chicfly in the valleys. Its
distribution is shown on the map, (See “*Clays,” p. 181), The
sequence of events leading np to the formation of these deposits
and the withdrawal of this ice sheet will now be sketched.

Incursion of the ice sheet.—During the Wisconsin stage of the
glacial epoch the ice sheet advanced only to the line of the ter-
minal moraine (Fig. 5), or locally and for brief intervals a mile
or two bevond it. That its southern margin maintained a constant
position for a considerable lapse of time is proved by the moraine
itself. Antevs estimates this to be about 2000 years'

In its advance it completely buried or carried away whatever of
the older drift sheets remained in the region covered by it, for
nowhere north of the moraine has the Jerseyan or Illinoian drift
been recognized in New Jersey beneath the Wisconsin drift. Dur-
ing its oceupaney of the region the mantle of disintegrated rock
was removed from wide areas and the firm roek beneath was
somewhat eroded. liess commonly the disintegrated material was

1 Ernest Antevs—The Last Glaciation—Amer. Geog. Soc. Research Series
No. 17, p. 107.

NEW JERSEY GE

|

~

-

CENOZOIC ERA 163

not completely removed, and on the whole, the amount of eroRion
due to the ice was not great. -

If it be assumed that all the Wisconsin drift of the State is the
result of erosion of the rock beneath, or putting it a little differ-
ently, if it be assumed that none of it was derived from regions
porth of New Jersey, the average erosion over the whole surface
affected would probably not exceed 25 feet. Some of the drift did
come from regions to the north but this was in part counter-
balanced by the fine rock flour earried away by streams from the
melting ice and deposited bayond the borders of the State. It is
probable that the actual amount of erosion was somewhat less than
25 feet. Comparison of the general character of the topography
in the areas north and south of the moraine leads also to the con-
clusion that in this region the ice sheet did not greatly erode the
surface over which it passed. Although the average erosion was
small, that along certain lines, particularly in the valleys, probsbly.
was in excess of the average, -

Direction of ice movement~In general the ice sheet moved
across northern New Jersey in a direction a little west of south
(Fig. 5). The lowland belts, like Kittatinny Valley and the
T'riassie area, were occupied by great lobes of ice from the axis of
which it diverged to the right and Jeft. The effect of this along
the margins of the great valleys was to carry the ice from the
lowland onto the adjoining highland, This divergence was 80
marked along the eastern side of the lobes that the direction of
movement in places was strongly to the southeast. Since the
lowland belts afforded less obstruction to its onward movement the
ice asdvanced further south along them than where the elevation
was greater, and as shown by the moraine its margin was strongly
lobate at its maximum extension, Thus the terminal moraine is 25
miles further south at Perth Amboy than across the Highlands
from Dover to Hackettstown,

Glacial lakes—Temporary lakes were formed during the Glacial
epoch in several valleys which drained northward and whose lower
courses were therefore blocked by the ice. In some places con-
tinned advance of the ice sheet filled the valleys and obliterated
the lakes, but with the retreat of the ice these lakes came into
temporary existence again unless their valleys were left completely
filled by drift. Tempprary I i i
have existed in the Wallkill Valley, the Black River Valley near
Suceasunna, and the Pequest Vailey above Great Meadows (Dan-

b

»

ville). In the latter case the lake was formed behind the morains
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- Highlands on the northwest and Sccond Watchung Mountain on \
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after the ice had withdrawn a short distance from the region, but
it was finally drained by the cufting down of its outlet aeross the .
i ‘ownshbury. At the highest stage its jevel was 3
approximately the present clevation of 550 feet.
The largest glacial lake in New Jersey, however, and the one
whose history has been most- carefully worked out was Liake

- . '
BoandBrook

Fig. 11. Diagram showing the supposed course of the dralnage in the
Passaie basin previous to the last glacial invasion. |

Passaic, which occupied the upper Passaie Valley between the k.

the south and east,

The present drainage of the lowland west of Sccond Watehung
Mountain now escapes in a roundabout way. through gaps at Little
Falls and Paterson, but in preglacial and probably also in inter-
glacial time, there were gaps, now fitled with drift, in First and
Second Watchung Mountains at Millburn and Short Tlills, deep
enough to drain the southern half of the basin, and formerly oceu-

{

pied ‘by. master stream of the region (Fig. 11). If the drift C;
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filling in these gaps is all of Wiscongin age, as scems probable,
Liake Passqie did not come into existence until the ice advanced to
the line of the moraine between Short IMills and Morristown

(Fig. 12) and filled the Short Mills gap. Once formed in the
sonthern portion of the hasin the level of the lake rose until it

overflowed at the lowest point of the rim, which is Moggy Hollow,

B pane T
PASSAIC

Tig. 12, Stage of maximum advance of the glocler.

The edge of the fce wag at the position of the terminal moraine and the
glacler flited the Short Hills gap. The outer basin of Lake Passzle
waa oceupled by & lake with its outlet to the west at Moggy Hollow.

7 miles porth of Somerville and 2 miles east of Bedminster, where
there ia & current-swept pass across Second Mountain, the bottom
of which is 331 feet above sca level. At its maximum height the
lake level was not more than 25 feet above the bottom of the
outlet. The waters escaped throngh this channel to the North
Branch of the Raritan and thenee {o the sca, As the ice melted
back from the moraine the Moggy IHollow pass remained the

outlet, since the former gap at Short Hills was closed with drift,_
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The lake, therefore, increased in area and maintained essentially
the same level as the ice withdrew (Figs. 13, 14).

At the time of its greatest extent, Liake Passaic was about 30
miles long, 8 to 10 miles wide and had a maximum depth of 240
feet. Over wide areas it was 160 to 200 feet deep.
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Fig. 13. Expanded stage of Lake Passaic.
The retreat of the ice had left the Short Hills gap filled with drift.

Faint wave-cut terraces and ecliffs, small wave-built spits, bars,
and terraces of water-worn gravel, and large conspicuous glacial
deltas locate the former shore line and demonstrate the existence
of this lake. The more conspicuous of these are shown upon the
geological map.

‘When the ice front had finally retreated far enough to lay bare
the outlet at Little Falls the lake basin north of the moraine was
drained (Fig. 15) to the level of the outlet, about the present
elevation of 185 feet, and the existence of Lake Passaic as a glacial
lake was terminated. But preceding the final draining of the lake
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there seems to have been a stage when the level was 65 to 75 feet
lower than the maximum, after which the water rose again to
approximately its former height. It is probable that these changes
of level were connected with oscillations of the edge of the ice,
which alternately opened and closed some outlet—possibly one at

SCALE

|

= |

Fig. 14. Maximum stage of Lake Passaic.

All outlets except that at Moggy Hollow were either blocked by ice or
filled with drift.

Great Notch or a subglacial channel along the course of the
present Passaic.

After the portion of the lake basin north of the moraine was in-

large part drained by opening the Little Falls outlet, shallow
lakes still existed in its lowest parts (Fig. 15). South of the
moraine there was a long narrow lake between Long Hill and
Second Watchung Mountain at an elevation of about 230 feet and
having its outlet across the moraine west of Summit. This lasted
until its outlet across the drift dam was lowered essentially to its
present level. North of Long Hill a lake existed for a longer time

NEW JERSEY GEOLOGICAL SURVEY
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in the area of Great Swamp, since it 1s probable that some part,
if not all, of the narrow gorge of the Passaic at Millington is of
postglacial origin.

Fig. 15. Late stage of the lake, when the retreat of the ice had freed

the Little Falls-Paterson outlet.
Shallow bodies of water still occupied the lower portions of the basin.

Withdrawal of the ice sheet.—Some of the events attending the
withdrawal of the ice sheet have been mentioned in connection
with the draining of Lake Passaie. As the ice front receded a
comparatively thin sheet of till (not represented on the geologic
map) was spread over the region north of the terminal moraine.
Glacial drainage was concentrated in the southward draining
valleys, some of which were much obstructed by stagnant and
semi-detached masses of ice around and between which and the
valley sides, kames and kame terraces were formed. Where the
drainage was unimpeded the valleys were also aggraded, since the
streams were heavily overloaded with rock debris from the glacier.
Such a valley filling, commonly called a ‘‘valley train,”’ extended
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down many valleys far beyond the maximum limits of the ice
advance. That of the Delaware, formed at the period of maximum
ice advance, extends from the moraine near Belvidere to Trenton,
where it merges into estuarine deposits of somewhat different
origin. (p. 160).

The withdrawal of the ice was not at a uniform rate but was
accompanied by pauses in its retreat during which recessional
moraines of more or less pronounced character were formed. The
ice front made an extended pause between Newton and Branch-
ville, in Sussex County, as shown by the recessional moraine which,
with some interruptions, can be traced from Ogdensburg through
Lafayette, Halsey and Balesville to Culvers Lake. Moraine deposits
north of Dingmans Ferry and Layton probably represent the posi-
tion of the ice front at this time in the upper Delaware and Flat-
brook valleys. The dense forest growth and paucity of roads
obscure its position on the back slope of Kittatinny Mountain.
East of the Highlands there was a notable halt along a line con-
necting Waverly, Connecticut Farms and Springfield; another
near Woodside, Riverside, Bloomfield and Monteclair. Neither of
these pauses can be connected with any degree of certainty with
those of Sussex County.

From a detailed study of the laminated clay deposits near
Mountain View, Little Ferry and Hackensack, Antevs (loe. cit.
p. 109) concluded that 2500 to 3000 years were consumed in the
retreat of the ice sheet from the terminal moraine to Haverstraw,
New York. This includes the time necessary to construct the
recessional moraines mentioned above. The total for building the
Wisconsin moraine and the retreat of the ice sheet to latitude 49°N.
in Canada is estimated by Antevs at 28,000 to 29,000 years. If
the period of ice advance was of equal duration about 56,000 years
must be allowed for this portion of the Wisconsin glacial epoch.

Post-Cape May emergence—Explicit evidence of emergence of
the Coastal Plain since Cape May time is furnished by the faet
that the marine terraces of this age now stand 20 to 40 feet above
present sea level. But this figure is not a measure of the change
of level which actually occurred, because it does not take account
of later changes of level, particularly of subsidence since. There
is evidence that the Cape May deposits have been eroded far below
present sea level, which could only have been accomplished if the
region south of Sandy Hook had stood higher than now. Borings
across Raritan Bay north of Conaskonck Point near Keyport show
that a channel was cut in the Cape May and underlying earlier

NEW JERSEY GEOLOGICAL SURVEY
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formations to a depth of 170 feet in post-Cape May time,! which.

indicates that in this region the land stood at Jeast that amount
‘ higher {or the ocean lower) than at present.

It has already been pointed out (p. 22) that a relatively young
channel of the Hudson River extends across the submerged Coastal
Plain beyond Sandy ook for a distance of 95 miles. It has &
maximum depth of 290 feet below sea level and 60 to 120 feet
below the gencral level of the adjacent ocean floor, and causes a
long river-like re-entrant of the 40-fathom line. Antevs® holds that
during the Wisconsin glacial stage the coast line lay near’ the
mouth of this channel at about 250-305 feet below present sea level
and that this channel was the resnlt of post-Cape May (Wiscon-
Bin) erosion,

Post-Wisconsin widrping—=Sinee the withdrawal of the Wiscon-
sin ice sheet there has been in northern New Jersey a tilting of the

* " land, apart from relative changes in sea level, This was part of &

~ great differential uplift which affected northeastern United States

. and Canada. Explicit evidence of this is found in New Jersey in
the present aititude of the shore lines of Liake FPassaic.: When
formed thebe were essentially hdrizontal, but they now rise toward
the north end of the lake, the maximum increase of elevation being
67 feet in 30 miles, Beyond the confines of the State this move-
ment is shown by the numerous abandened marine shore lines
which border New England and the St. Lawrence region and
ascend in a northerly direction. -

This differential movement of the earth’s crust, due probably to
melting of the ice sheet, was accompanied in the southern half of
the State by a rise of sea level, advance of the shore line and sub-
mergence of a large strip of the Coastal Plain, due primarily to
the return of glacial waters to the ocean basins, This resulted in
the submergenee of the marine shiore lines which had been formed
across the Coastal Plain, south of Long Island, during the previous
glacial stage and which can now be traced by soundings across the
continental shelf. The present submergence, however, does not
pow equal that which prevailed during Cape May time, for the
Cape May terraces still stand higher than when formed. More-
over, the New Jersey streams emptying directly into the Atlantic
are all hordered in their lower eourses by tidal marshes and the
* tide extends far up their lower reaches, to Trenton in the Dela-
ware, to New Brunswick in the Raritan and to Albany in the

" x MacClintock and Richards, loc. cit. p. 315
1 Antevs, loc. cit. p. 86

7
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Jfudson, all evidence that the land stands somewhat lower now
than formerly. The same thing is true of the Coastal Plain
streams from Sandy Hook te Cape May, all of them oecupy valleys
which were cut when the land stood higher than now, but which
are drowned in their lower courses by the submergence of the
seaward portion of the Coastal Plain.

At many points along the coast peat beds have formed, come
posed in part of non-marine water plants, These are now below
sea level, an apparent indieation that the upward growth of the
peat beds has not kept pace with the rising sea level (sinking
const). ’ X

Is the coast of New Jersey ndw sinking #—A popular impression
prevails that the coast of New Jersey is now subsiding at a rate of
two feet a century, Many of the facts which were earlier relied
on to sustain this view are now recognized to be susceptible of
another interpretation, Some of them mercly prove that at some
places the land is lower in respect to tide level than formerly, but
this may be due to earlier changes of level, or recent changes' in
high-tide level, because of changes in the shape of bays and the
capacity of inlets. Some evidence has recently been presented

', which seems to indicate a very slight present subsidence of the
- mid-Atlantic Coast but there is no warrant for the old view that

the coast of New Jersey is now subsiding at the rate of two feet
per century. !

Other postglacial changes~—All in all, other postglacial changes
in the State have not been extensive. In some places in southern
New Jersey, chiefly along the coast, wind-drifted sand and small
dunes constitute somewhat copspieuous deposits, but the largest
Qunes rarely exceed 20 feet in height, On the whole, postglacial

" erosion is exceedingly small. In many places streams have not
Jowered their channels at ali, but on the conlrary have aggraded
them. Along the larger rivers there has been more erosion. The
Delaware has cut its channel from the Jevel of its highest gravel
terraces to its present bed, locally as much as 100 to 120 feet.
Smaller streams have done correspondingty less. In general it
may be said that most of the valleys have been deepened a little,
and some of them in places a considerable amount; many ravines
and small valleys have been cut; and a few lakes and ponds have
been drained by having their outlets deepened to the level of their

bottoms ; others have been sitted up.

The Wisconsin drift has been leached and oxidized to depths of |

9 or 3 feet, and in places to 5 or 6 feet, and exposed aurfaces of

NEW JERSEY GEOLOGICAL SURVEY
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the more resistent rocks, left smooth and polished by the ice, have
peen 56 roughened that all traces of striae have been obliterated as
a rule, although the characteristic rounded outlines of the ledges—
the roches moutonndes—gare commonly preserved,

Aluvial deposits, mostly narrow strips, have been formed along
the larger streams, and some shallow lakes and ponds have been
silted up and transformed into swamps or meadows. In others
beds of peat to a maximum known depth of 27 feet have
secumulated.

Along the coast a line of barrier beaches has been built from
Manasquan southward and from Long Branch northward, en-
closing broad and shallow isgoons or bays. Some of these have
been largely silted up by sediment from the land, wind-blown
sand from the beaches, and the growth of aquatie plants. Between
Manasquan and Long Braneh the mainland has suffered by attacks
of the ses, and even within the memory of persons still living the
loss of land has been considerable, :

From time to time after severe storms have cut away the sea-
ward face of the barrier beaches, masses of the salt-marsh turf are
exposed below high-tide level on the ocean side of the barrier
beaches. The occurrence of this turf at levels several feet below
its position bordering the lagoons, at first sight seems to be evi-
dence of a subsidence of the coast. Its occurrence on the sesward
side of the beaches indicates that since its formation the beach has
itself migrated westward more than its entire width and en-
croached upon the salt marsh. Under the weight of the beach and
its sand dunes, the marsh mud and turf has been greatly com-
pressed so that now turf and marsh mud after heavy storms.may
be exposed on the oceanward side, at a lower level than it had
originatly.

Tnder the eombined action of winds, waves and tidal eurrents
changes are constant along the coast, particularly in the neighbor-
hood of the inlets which connect the lagoons or bays with the
ocean, Several of these have been elosed and others opened since
the settlement of the State, Others have shifted their position.
The southward drift of sand below Bay Head tends to build up
the northern side of the inlet and shift the tidal currents against
the southern point. Iicnee that side is cut away and the inlet
shifts scuthward, At Barnegat Inlet the southward movement
amounted to over half a mile in 50 years. A 'lighthouse built in
1834 wa‘s'troyed by this southerly movement; it was replaced in
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1858, but the new structure in furn was threatencd as early as
1886, and now (1940) has been saved temporarily from destrue-
tion by the construction of expensive protective works.!

THE LIFE OF THE QUATERNARY PERIOD,

Extinct animals—DMany animals now extinet, or found oply in
distant regions, inhabited New Jersey duoring glacial and early
postglacial time. Chief of these, judging by the relative abun-
dance of its remains, was the mastedon which probably frequented
southern New Jersey during the Glacial epoch and followed the
retreating ice sheet northward, The remains of nineteen individ-
wals of the species have been reported from the State.? The most
remarkable of these finds was on the farm of William Ayers be-
iween Hackettstown and Vienna, where many years sgo-in & small
bog in the moraine six skeletons are reported to have been discov-
ered. A good skeleton now in the Museum at Rutgers College was
found near Salem, Recently a portion of a skull was found near
Westfield. '

The hairy mammoth (Elephas primigenins) was also present,
but was less numerous than the mastodon. The Gréenland rein-
deer and the Arctic walrus also frequented this region during the
Pleistocene period, and remains of the Canadian elk, two species
of an extinet horse, an extinet moose and a peccary have also
been found.

Man—The diffcrentintion of man from the apes began sometime
hetween middle Miocene and earliest Pleistocene, and a bipedal

“apeman {Pithecanthropus) Jived in the East Indies in earliest
Pleistocene. Ifomo sapiens, however, did not appear in Western

Turope until about the close of the glacial period, but he was pre-
ceded by several earlier and more primitive species, whose remains
go back to early middie Pleistocene 350,000 to 400,000° years ago.
Homo sapiens seems not to have reached North Ameriea until
somewhat later than his appearance in Europe, but the date of his
sdvent is at yet undetermined. There i3, however, sufficient reason
for believing that he was here before the disappearance of the

Y Lewis M. Haupt. Asnn. Rpr. State Geol. N, J. 1805, p. 46.

2 Coole, Geology of New Jersey, 1868, p. 741 Several others have heen
found since Cook’s report was published.

* This is the time piven by Osborn and others, hased on an allowance
of 500006 years for the time from the teginning of the Pleistocene. i,
however, the estimates given below {See p. 175) are correct, the ahove
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mastoden and the giant sloth, At Trenton, numerons chipped
stones, assumed Lo be his handiwork, have been found in the fine
sandy loam which overlies glacial gravels. Geologists are not in
agreement regarding the age of this loany, some holding that it
marks the closing stage of the Delaware Valley train, others re-
garding it as'later. In either event, the implements found in it
are much older than those found in the discolored soil layer imme-
diately above, which belong to the modern Indian.

GroLogie Time,

-No one can study the geologic record as revealed in the rocks
themselves, or even read a summary of events in a limited area
like New Jersey without being impressed with the enormous length
of geologic time. Astronomy gives the student new conceptions of
. space; geology enlarges his conceptions of time. The more the
geologic record is studied, the longer is the vista to the distant
past which opens to his view,

Many esti::nates have been made as to the length of geologie
- time, but no one of them is final and none eommands universal
acceptance, Recent studies indicate that it has taken Nisgara

River 25,000 years to cut the Falls back from their original posi- ~

tion at Lewiston to their present site, a distance of 7 miles,

But the Falls did not come into existence until the edge of the

ice sheet had retreated from the line of the outermost terminal
" moraine far enough to permit the water of ancestral Ligke Ontario
to escape by an outlet lower than the Niagara escarpment. Antevs
{(loc. eit.,, p. 1565) allots 29,000 years for the construction of the
terminal moraine and the retreat from Long Istand to Cochrane,

Ontario, north of Iatitude 49° (p. 169). Ilowever, the advance -

and disgppearance of the last ice sheet whether 50,000 or 100,000
years ago was an event of yesterday in geologic time,

A few years ago the conclusions of the physicists as to the rate
of cooling of the earth and sun seemed to limit the geologista to
100,000,000 years as the maximum time for the formation of all
sedimentary rocks. The discovery of radium and the radio-
activity of certain minerals has upset all the previous calculations,
and the new school of physicists is now willing to allow the
geologists one to one and a half billion years, Barrell' & few years
ago made the following estimate of geologie time:

], Barrell. Bull. Geol. Soe. Amer, Vol. 28, p. B84
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Quaternary ......... L000000 to 1,500,000 years
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TOPLIEY o ineaanss .. S5,000000 T 63500000 7
Cretaceous .. ..vvven- 65,000,000 ** 85,000,000 "
Jurassic ........n. .. 35000,000 ' 45000000 ”
Triassie o oeecnisnens 35,000,000 " 45,000,000
Carboniferous ...... 110,000,000 > 130,000,000 "
Devonian ........... 50,000,000 Mmoo
Silurian ............ 40,600,000 "
{rdovieian ..... ..., 90,000,000 ' 130,000,000 7

Cambrian .......... 70,000,000 ' 110,000,000

Total for Cambrian
and later time ..... 550,000,000 to 700,000,000* years

An equal or greater amount of time must be allowed for the
Jong and complex history of pre-Cambrian time (p. 61), and
then perhaps we have got back only to the formation of the Frank-
lin. limestone. What lies back of that is lost in the fog of
hypothesis and speculation. Xf, however, the above figures are

_kept in mind there is less difficulty in comprehending how during

geologic time New Jersey has been repeatedly submerped and up-
lifted; how mountain ranges have again and again raised th_exr
lofty summits only to be reduced to low plains by the slow-acting

. agents of denudation; how in pre-Cambrian time the great orders

of invertebrates were differentiated from each other; how later the
invertebrates as rulers of the sea and the **lords of ereation'’, gave
place to fish, fish to amphibians, amphibians to reptiles, reptiles to
mammals, and how last of all man, emerging from some unknown
line of anthropoid ape in late Tertiary or earliest Quaternary
time, has throngh many thousands of years of conflict and struggle
reached his present commanding position.

z Future discoveries may cause radical revision of these estimates, but
they are unquestionably nearcr the wrmh than the earlier oues, whlch_ range
from 40.000,000 to 100,000000. The whole trend of geologic investigation

in the fast 10 to 20 years is towards the recognition of a greater. rather
than a lesser age for the earth, ‘
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CHAPTER VIIL
ECONOMIC GEOLOGY.

Only brief mention is here made of the oceurrence and distribu-
tion of metallic ores and other minerals of economie importance in
the State, References are inserted, however, to the chief publiea-

~ tions of the Geological Survey in which further information may
be found in the form of more complete reports and maps. Reports
on the progress and general condition of the mineral industry in
the State, together with the statisties of production, were pub-
Jished in the Annual Report of the State Geologist for many years
up to and including 1909 since that date Bulletins 5, 7, 1%, 15, 26,
97, 29, 31, 32, 34, 36, 37, 40, 41, 42 and 43 on this subject have
been issued. The Annual Reports of the State Geologist for many
yesars also contained information on artesian and other wells and
underground water supplies.

Meravtic Ores.

At the present time New Jersey produces ores of iron and zine,
Copper ores are also known and have been mined at various places
on & small seale. ' '

-

IRON ORES.

Magnetic iron ore {magnetile).—Deposits of. magnetite oceur at
many places in the erystailine pre-Cambrian rocks of the High-
lands, chiefly in the Byram and Losee gneiss, although some bodies
are also known in the Franklin limestone. The gre-bearing layers
of rock vary in thickness from a small fraction of an inch to 50
or more feet, the average thickness being from 4 to 20 feet. They
are mainly distributed in narrow northeast-southwest belts or
ranges in the gneiss. These belts vary from one-fourth of a mile
to 2 miles in width and up to 30 miles or more in length and are
separated by wider belts of barren rock. The ore bodies or
ttshoots”’ are the portions of the ore-bearing layers that are rich
enough in magnetite to warrant mining. The important deposits
form lens-shaped or pad-shaped masses Iying in the foliation
planes of the gneiss, which generally dip steeply toward the south-
cast. The longest axis of each of these masscs also ‘' pitches”’

. toward the northeast. They vary greatly in size, A length of

. (176)
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1500 feet for a single ore pod is not unusual, but lengths of 400
or 500 feet are more common. Their widths measured at right
angles to their strikes vary between & few inches and 40 feet, and’
their breadth-or ‘‘height’’, measured in the planes of the veins
averages approximately 125 feet. In many mines at the bottom-
andl top of the ore pods, thin stringers of ore lead to other pods
lying below or above slong the dip. N

A few of the magnetite ores of New Jersey approach a pure
magnetite in their iron content (Fe, 2% ) but none quite reach it
There is always more or less bornblende or pyroxene, pyrite, end
apatite mingled with the magnetite, as it is prepared for market,
and conseguently there is always present some silica, lime, mag-'
nesia, alumina, suiphur and phosphorus, Some ores are high in
titaninm. At one time or another a anumber of mines have placed
on the market ore carrying 62% or more of iron, but this is above
the average and at the present time nearly all the ore mined is
magnetically cobbed or concentrated before shipment. )

In recent years, active mining has been carried on at Oxford,
Warren County; at Mount Hope, Wharton, Mine Hill, and Beach
Glen, in Morris County. The mines at Ringwood in Passaic Coun-
ty have been closed for a number of years. During the last.ten

~ years (1930-1939 inclusive), the annual shipment of comcentrates

has averaged about 222,000 long tons and has ranged from 14,966 °
to 544,635 tons.

Hematite ore—The so-called hematite ore of New Jersey is
}imonite, or brown' hematite, the hydrous oxide of iron. Most of
the deposits occur as lens-shaped or irregular masses along the
bedding planes of the gray Kittatinny limestone, particularly at
‘the top or the bottom of the formation. Some are also associated
with the white Franklin limestone and others are found along the

contact of the pre-Cambrian erystallines of the Highlands and the
Triassic beds to the southeast.

These ores are not being utilized at the present time in New
Jersey, although the corresponding deposits have been profitably
mined in recent years in both New York and Pennsylvanis, 88 well
as in other states southward to the great mines at Birmingham,
Alabama. '

Bog ove~Deposits of bog iron ore oceur in the bogs, swamps,
and meadows in many localities throughout the State, particulsrly
in the Coastal Plain, where they were mined in the early days.
None-of them has-been worked, bowever, for many years.
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References~—'*Iron Mines and Mining in New Jersey,”” by W.
S. Bayley. Final Reports of the State Geologist, vel. vn, 1910,
512 pp.

Geologic Folios: No. 1, Passaic Folio, 1908, pp. 23-25; No. 2,
Franklin Furnace Folio, 1908, pp. 20-2¢4; No. 5, Raritan Folio,
1914, pp. 23-29,

“Report on Oron Mines,”’ by George ¥, Jenkins, Annual Re-

port of the State Geologist for 1899, pp. 151-170,

“ Active Jron Mines,” by George E, Jenkins. Annual Report of
the State Geologist for 1891, pp. 235-253.

t¢Iron Mines and Iron Ores,”” by ¥. L. Nason. Annual Report
of the State Geologist for 1890, pp. 51-127.

ZING ORE,

In the mining industry of New J erse}r zine has been for many
years the Jeading metal. Large deposits of zine ore oceur in the
Franklin limestone at two localities 4 miles apart—Franklin Fur-
pace and Ogdensburg, in Sussex County. At both places the ores
oceur in bed-Jike bodies that have been bent sharply downward
into trough-like synclinal folds. The ore minerals are frankiinite
(containing oxide of zine, iron, and manganese), willemite (zine
silicate), and zincite {red oxide of zine). Active mining opera-
tions for many years were restricted to the deposit at Franklin
Furnace, but in 1913 the Ogdensburg mines were reopened.

The richness and great abundance of these zine ores have led,
first and last, to the expenditure of large sums of money in pros-
pecting the adjacent territory. They occur only in white Frank-
tin limestone, and the whole area of this formation has been care-
fully examined without revealing any surface evidence of addi-
tional deposits. Tixtensive diamond drilling has also been done on
all sides of the known deposits, but, so far as has been made
known, without avail.

References—'*The Mine Hill and Sterling Hill Zine Deposits of )

Sussex County, New Jersey,”’ by Arthur C. Spencer. Annual Re-
port of the State Geologist for 1908, pp. 23-52.

“Zine-bearing Ores,’’ by Arthur C. Spencer. Geologic Atlas
of New Jersey, Folio No. 2, (Franklin Furnace Folio}, 1908, p. 7.

COPPER ORE.

Mining and prospeeting for copper have been carvied on at a
number of places, chiefly in the Triassic (Piedmont) belt across
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the north-central part of the State. A deposit that has also at-
tractedt attention at times is found on Delaware River a few miles
above the Water Gap.

The Triassic ores vecur in shale and sandstone, in most cases in-
timately ussoviated with some form of igneous trap rocks, and are
of two general types: (1) native eopper in sheets and stringers
through the shale and to a slight extent in the superjacent trap
rock, as at the Somerville mine, in Somerset County; {2) ehaleo-
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-eite (copper glance, the black copper sulphide) in veins and dis-

seminated through shale and sandstone, as at the Gripestown mine,
in Somerset County, and the Arlington (Schuyler) mine, in Hud-
son County. In both types of deposits there are silicate and car-
honate ores found as secondary alteration produets near the sur-
face.

At the Pahaquarry mine, 7 miles above Delaware Water Gap, on
Delawaré River, the ore is chaleocite in disseminated grains and
forming thin seams and veins in a hard sandstone of the High
1alls formation, of Silurian age,

Some early attempts to-mine copper in New Jersey were in a
measure successful, but for more than 60 years past every under-

taking has led to disappeintment and failure, and at the present

time no work for copper is being done in the State.

References—''The Newark (Triassic) Copper ores of New Jer-
sey,”’ by J. Volney Lewis. Annual Report of the State Geologist
for 1506, pp. 131-164.

“Copper Deposits of New Jersey,”” by W. H. Weed., Annual
Repeort of the State Geologist for 1902, pp. 125-139,

“The Pahagunarry Copper Mine,”’ by Henry B. Kiimmel. An-
nual Report of the State Geologist for 1908, pp. 183, 134,

NoNMETALLIC MineEran RESOURCES.
CLAY.

Distribution.—Clay suitable for common brick is found in local
deposits of various kinds in nearly all parts of the State; but the
great clay industry eenters in the formations of the Coastal Plain
and particularly in the elay-bearing members of the Cretaceous
system, which form a belt acress the State southwestward from
Raritan Bay and down Delaware River along the western border
to Salem County.

Ameng the older formations but little elay has been utilized and
that chiefly for local supplies of building brick. Certain clay from

NEW JERSEY GE?LOGICAL SURVEY
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the surface decomposition of the shaly Jacksonburg limestone and
the Martinsburg shale of the Ordovician system aud from. .the
Brunswick shale and trap rocks of the Triassic system have been
worked at a few places for this purpose. )

Cretaceous clay—In the great center of the industry aboui-the
lower Raritan River and Raritan Bay the Raritan and Magothy
formations are the chief producers. The clays are of various
kinds, ranging from the nearly white or steel-blue fireclay of the

highest grade, through stoneware and terra-cotfa clays, to black

sandy clay containing considerable pyrite and marcasite {iron sul-
phides) and used only for common brick. Some of the sand beds
are pure quartz sand, constituting a high-grade fire sand; others
are micaceous, lignitic or arkosie, Some of the latter, composed: of

coarse grains and even pebbles of quartz and decomposed feldspar -
~ erystals, form the beds of so-cailed ‘‘feldspar’’ used in the manu-

facture of fire brick. The lower and, in general, the lighter-colored
sands and clays {Raritan) are charaeterized by numerous alterna-
tions and abrupt transitions of strata, both vertically and horizen-
tally, and by the absence of definite and orderly arrangement of
beds over extended areas.

These clays are‘worked chiefly in the northeastern portion of

Middlesex County, about Woodbridge, Sayreville, South River,
Perth Amboy, South Amboy and Cliffwood, To a small extent
-they have also been worked east of Trenton and at s few places
down the Delaware River toward Camden, . Other and higher
formations, however, particularly the Merchantville and Wood-
bury, are more jimportant producers along the west- side of the
State. The clays of these latter formations are utilized chiefly for
brick and fireproofing along the south shore of Raritan Bay in
Monmouth County, in southern Middlesex and Mercer counties,
and in Western Burlington and Camden counties.

Loeal beds of elay in the Englishtown formation have been used
for brick south of Woodbury, Gloucester County, and elays in the
overlying Marshalltown are available for similar purposes in parts
of Burlington and Camden eounties, . o

Tertinry clay~The Kirkwood formation furnishes brick clay
from the '*Asbury'’ clay beds, a few miles west of Asbury Park,
Monmouth County, and from the ¢t Alloway”’ clay, which outerops
at the surface from near Ewans Mills, Gloucester County, to Allo-
. way, Salem County. .

The Cohansey formation contains brick and terra-cotta clay in
many ]’%.i, come of them of considerable extent, in the sandy
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pine distriet of Ocean and Atlantie, southetn Burlington, Camden,
and Gloucester, and central Cumberland counties, A

Quaternary clay.—Thick beds of clay have been worked in the
Pensauken formation at Fish House, 3 miles above Camden. The
Cape May formation also furnishes clay about Kinkora, Burling-
ton County, and around the southern borders of the State in
Salem, Cumberland, and Atlantic eounties, : ~

Glacial clays are extensive at several points in northern New
Jersey, and have been utilized to considerable extent in the
Hackensack and Passaie valleys.

Recent clays, consisting chiefly of small impure deposits of only
local- importance for building brick, oecur ‘widely scattered over
the State: (1) in flood plains of streams, where the clays are com-
monly shallow and sandy, or even stony; (2} in swamps, marskes,
and meadows—generally sandy and containing much vegetable
matter; (3) at the foot of slopes, where it’ has been washed down
from higher ground. . '

References—'*The Clays and Clay Industry of New Jersey,” by
H. Kies, Il B. Kitmmel, and G. N. Knapp. Final Report of the
State Geologist, vor. v, 1904, 548 pp. {out of print). .

Geologic Felios: No. 1, Passaie Folio, 1908, pp. '25, 26; No. 2,
Frapldin Furnace Folio, 1908, p. 26; No, 3, Philadelphia Folio,
1908, p. 21; No. 4, Trenton Folio, 1909, pp. 92, 23; No, 5, Raritan
Folio, 1814, p. 8L

UNDERGROUND WATER.

The amount and availability of underground water in the State
are determined largely by the character of the rocks and their
structural relations in the four prineipal topographic divisions;
glamaiy, (a) the three divisions of the Appalachian province—the
Appalachian Valley, the Highlands, and the Piedmount Plain—
and (b) the Coastal Plain, _

In the Appalachion Valley~In the Appalachian Valley, com-
prising Kittatinny Mountain, Kittatinny Valley, and the Valley of
the Delaware above Water Gap, and constituting & large part of
Sussex and Warren counties, the principal rocks are not very
porous and hence do not ecarry a large volume of underground
water. The water that does penetrate into the bed rock does so
chiefty by following the minute joint eracks, many of which in the
limestones have been opened by solution into channels and cavities. '
Here and there are also fault fissures that admit considerable
water. The structure, however, is of little sssistance to the geo-

3
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logist in loeating underground supplies, and too few deep wells
have been sunk in this region to show whether or not such waters
oeeur in any considerable quantity.

In the IHighiands~The prominent northeast-southwest valleys
in the Highlands are underiain by bed rock formations similar to
ihose in the Appalachinn Valley, and hence, in these valleys, the
same ground-water conditions prevail. In the mountain ridges
and higher platean eonntry, on the other hand, the prineipal bed
rock is gneiss, The several varieties of gneiss are even less porous
than the formations of the Appalachian provinee, snd no definite
water-bearing beds oceur. This condition is offset in part at least
by the faet that the rocks are broken by numercus joint eracks and
fauit fissures, which admit considerable amounts of undergrounud
water, Hence borings made indiseriminately in the Highlands
may be expected to yield about as high a percentage of satlsfac-
tory wells as in the Appalachian zone.

The numerous iron mines of this region show that the presence
of underground water, while very general, is by no means uni-
- form; for some of the mines are comparatively dry, whereas others
that cut important fault fissures encounter large volumes of
water. Therefore, while deep wells may find water at almost any
point, they are much more likely to develop a large supply if they
are sunk along a zone of faulting. Experience has demonstrated
that the chances of obtaining a supply decrease progressively ba-
low 250 or 300 feet. )

In the Piedmont Plain—The bed rock of the Picdmont Plain
consists chiefly of the shale and sandstone of the Triassie {New-
ark) system, and some of these are no more porous than the rocks
- of the Appalachian zone, while others carry considerable amounts
of water, No well-defined water-bearing beds are known, but the
strata are broken by numerous minute joint cracks so that they
carry more ground water than the rocks of either the Appalachian
 belt or the Highlands. Hence a moderate supply of water can
" geénerally be obtained almost anywhere in the Piedmont, at depths

of a few handred feet at most. Moreover, the rocks are softer and

can be drilled more easily and cheaply than those of the more
‘northerly distriets. These statements do not apply however, to the
areas of trap rock (basalt and diabase) in the Triassic formations.

These rocks are exceedingly hard and fough, and a number of

wells that have been driven in them at great expense and to

depths of hundreds of feet have failed to find an adequate supply
of water\ Loeally layers of wvesienlar irap occur m the flows
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which form First and Second Watchung Mountain. These layers,
where present, carry much more water than the layers of dense
trap.

Flowing wells of great volume have been obtaimed at a few
places in the Piedmont belt~—usually, however, not in the Triassic
bed rock, but in the glacial deposits that overlie portions of the
region. This is particularly true of the upper Passaic Valley,
where beds of open gravel and sand covered by impervious layers
of clay furnish favorable eonditions for the accumulation of large
supplies of water under considerable pressure. Abundant water
is also obtained in some places’by pumping from wells in the sands
and gravels of the stratified drift. Good examples of this type are

found near Plainfield and Elizabeth. Some flowing wells, like

those at Hopewell, are probably lecated on or near great fauits.
In the Coastal Plain~—The Coastal Plain, constituting more than
three-fifths of the area of the State, presents in many respects a

striking contrast with the three dxvmmns of the Appalachian

province thaf have been referred to in the preceding paragraphs,
With very slight exceptions the sirata have never been consoli-
dated into firm rock, but still consist of beds of loose sand and soft
clay and marl, Furthermore, these beds still lie in a nearly hori-
zontal position, with only a gentle slope toward the cosst——un-
doubtedly almost the exact attitude in which they were originally
deposited. From the point of view of underground waters the
most important difference of all consists in the fact that many of
the sandy and gravelly beds in the Coastal Plain are so porous as
1o have a great capacity for storing water, and furthermeore, are
so interlaminated with impervious beds of clay and marl that vast
guantities of this water are held wnder such pressure as to fur-
nish abundant artesian flow. In the Coastal Plain of New Jersey
alone more than 1,000 wells draw their supply from these beds,

. and the number is constantly increasing,

Sections CD and EE at the bottom of the large geological map
of the State show the simple structure of the region; but for the
sake of distinctness the gentle eastward slope or dip of the beds,
imperceptible to the eye in the field, is greatly exaggerated in these
sections. It is evident from these sections that all of the forma-
tions, wherever they may outerop at the surface, extend southeast-
ward and underlie the Coastal Plain in that direction. Hence deep
wells near the coast may penetrate not only the Tertiary forma-
tions that cover all that region, but may reach far down into the
underlying Cretaceous strata.

i e = e mrnAA e e e o pomme + mim v e, b
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{retaceous water-bearing beds-—The Raritan formation contains
a number of water-bearing beds, but thesc are less regular and
continuous than those of any other formation of the Coastal Plain,
The Englishtown i also a sand bed which is 100 feet thick in
Monmouth County, where it is an jmportant water horizon; to the
sonthwest it gets thinner however, and disappears entirely in
Gloucester County, The Mount Laurel and Wenonah sands, on the
other hand, are sbout 80 feet thick in the southwest and are im-
portant water-bearing strata, while to the northeast they are less
important because of decrease in both thickness and permeability.

i
|

‘he Red Bank sand is_pn important water_horizon in the north-

east, where it is & sand bed 100 feet thick ; but it thins out south-
westward and disappears neéar the northern border of Burlington
County. _ . .

Tertiary water-bearing beds—In the Tertiary system, which

" govers considerably more than half the area of the Coastal Plain,
~ the Kirkwood contains several beds of water-bearing sand, It is

an important souree of water at Atlantie City and sonthward along
the beaches. The Cohansey also carries water in several beds and
rivals the Kirkwood as a source of water on the beaches. The
Vincentown sand is an important water bed. throughout the whole
length of the Coastal Plain, . '

" Prediction of watler supply.~—In Bpite of the great simplicity of
gtructure in the Coastal Plain there are two serious diffieulties that
sometimes interfere with the successful predietion of an under-

. ground water supply for any particular locality and the depth at

which it may be found.

{1} Numerous well borings show that many of the beds increase
in thickness toward the coast. The rate of this thickening is not
sufficiently well known to furnish a basis for an exact estimate of

the depth at which any particular bed will be found in a given

Jocality.

(2} The permeability, and consequently the water-holding capa-
city, of the beds is greatly affected by variations in the proportions
of sand and clay from one region to another. 14 will be impossible
to prediet with confidence whether or not any particular water-
bearing beds will contain water at a given locality until the ex-
tent of the clayey parts of these beds become better known from &n
{pereased number of borings.

Amount of ground water~It is popularly assumed that supplies
of grogR water are inexhauatible, This is far from the fact. It

is of cWse true that the annual rainfall adds to the amonpt, of . G.OG|CAL URVEY
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ground water, but it iz also true that mdch of that which enters
the ground is later lost by evaporation and by seepage into the
surface streams. Moreover, careful observation of ground-water
levels in some well fields which have been heavily pumped and '
of the pressure head in wells of other fields have in many instances
sndicated serious overdrafis. In some localities draining of the
water-bearing formations is clearly indicated if excessive pump-
ing is continued, and along the coast there has been such a
diminution in the pressure head in Observation wells as to raise
the question as to whether there may not be grave danger of the
entry of salt water into the wells,

: Referenées.—-—"Underground Waters of New Jersey,” by G. N.
Knapp. Annual Report of the State Geologist for 1903, pp. 73-84.

" Artesian Wells of New Jersey,”’ by Lewis Woolman. Annual
Report of the State Geologist for 1898, pp. 59-144.

O Water-supply from Wells,” by C. C. Vermeule, Annual Re-
port of the State Geologist for 1898, pp. 145-182,

ti¢hlorine in the Natural Waters of the State,”’ by ‘William 8.
Meyers, Annual Report of the State Geologist for 1900, pp. 189-
196; Same for 1899, pp. 141-150, \

Geologic Folios: No. 1, Passaic Folio, 1908, pp. 26, 27; Neo. 2,
Frapklin Furnace Folio, 1908, pp. 26, 27; No. 3, Philadelphia
Folio, 1909, pp. 21-23; No. 4, Trenton Folio, 1908, pp. 23, 24;
No. 5, Raritan Folio, 1914, pp. 31, 32 '

“Ground Water Supplies . of the Atlantic City Region,” by
David ¢. Thompson. Reporis of the Dept.-of Conservation and
Development, State of New Jersey. Bulletin 30, 1928.

«gurface Water Supply of New Jersey to Sept. 30, 1928, by
0. W. Hartwell. Reports f the Dept. of Conservation and De-
velopment, Bulletin 33, 1928. ‘

« Qround Water Supplies in the Vicinity of Asbury Park,"” by
David ¢, Thompson, Reports of the Dept. of Conservation and
Development, Bulletin 35, 1930. -

‘tGround Water Supplies of the Passaic River Valley, mear
Chatham, N, J.,, by David G. Thompson, Reports of the Dept. of
Conservation and Development, Bulletin 38, 1932,

“Zupplementary Report on the Ground Water Supplies of the
Atlantie City Region,’’ by Henry C. Barksdale, Raymond W.
Sundstrom, and Maurice S. PBurnstein. State Water. Policy Com-
mission, Speeisl Report 6, 1936. : .
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. **Water Supplies from the No. 1 Sand in the Vieinity of Parlin,
New Jersey,”” by Henry C. Barksdale, State Water Policy Com-
mission, Special Report 7, 1937,

CEMENT ROCK.

Among the non-metallic mineral resources of the State cement
rock stands next to clay in value of the marketable products. The
rock that furnishes the bulk of the materials nsed in the manu-
facture of Portland cement is the earthy limestone or caleareons
shale in the upper portion of the Jacksenburg formation, It is
auarried at the cement works at Valeanite and New Village, both
of which are located near Phillipshurg, Warren County, The
limestone that is added to the cement roek is obtained in part from
the white Franklin limestone of Sussex and Warren counties, the
chief quarries of which are located near Oxford, MeAfee, Ham-
burg and Franklin Furnace. :

References~'*Report ot the Portland Cement Industry,” by
H. B. Kiimmel. Annual Report of the State Geologist for 1900,
pp. 9-101. ¢ ‘

““Portland Cement Industry,”” by 8. Harbert Hamilton. An-
nual Report of the State Geologist for 1903, pp. 112-118,

BTONE.

Large amounts of stone are anpually quarricd and crushed in
the State for road comstruction, concrete, and railroad ballast.
Building stone forms a much smaller proportion of the produet,
although the State does not lack excellent stone of this character.

Trep rock-~This name is applied in the trade to the dark,
* heavy igneous rock of the Triassic system, which is designated
on the map as basalt and diabase. Much the greater part of this
stone that is quarried is erushed for uwse in concrete, road build-
ing, and railroad ballast; small amounts are converted into paving
blocks, and & little is used as rubble, Producing quarries are lo-
cated’ at many places in Somerset, Hunterdon, Passaie, Essex,
}Mudson, Morris, Bergen, Union and Mercer counties. The ten-
dency in recent years has been toward the abandonment of small
plants and the concentration of the industry in & few large
guarries, '

Granife~~Granite and granite gneiss (the Byram and Losee
gneiss) are quarried from time to time for local building pur-
poses at a few small quarries in the Highlands. Gray and white

“h
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ars the most commen colors, but various shades of pink are found
at several localities, Attractive pink granite has been produced
for shipment at quarries in the vicinity of Pompton, in Passaic

County. Gneiss is quarried and erushed at a number of places

and used for the same pirrposes as erushed trap rock. A few
quarries located in Passaie, Morris, and Sussex counties have been
active in reeent years but not to their former extent,

Sandstone.~Practically all of the sandstone quarried in the
State comes from the Triassie rock of the Piedmont, and the quar-
rics are located near the large centers of population which fur-
nish the chief markets, Brownstone, the reddish-brown to choco-
late-colored sandstone of the Brunswick formation, once so popu-
lar for building purposes, is now used to only a limited extent; but
in the Stockton formation white, ereamy, and light-gray stone
abounds and a small amount is intermittently quarried.

More than half of the sandstone quarried is used for buitding,
while other portions are converted jinto curbing or fagping or
erushed for concrete and road building, The thin-bedded sand-

stones in the upper parts of the Martinsburg shale were formerly -

quarried for flagstone, chiefly in the vicinity of Querryville, in
Sussex County. o

Argillife~The dark greenish-gray to chocolate-brown argillite
of the Lockatong formation, Triassic system, has found a limited
local use as a building stone since colonial days. In recent years
extensive use has been made of this stone in the newer buildings
of Princeton University, including the graduate-school group and
the handsome Cleveland Tower, The high-school building and sev-
eral residences are also constructed of it, the stone being supplied
from two active local quarries. The same formation was formerly
quarried extensively for crushed stone at Byram, Hunterdon Coun-

ty and sold under the trade name of *Byram trap.”’ A portion

of the product of the active guarries has also been crushed.
Limestone~In addition to the cement rock and pure limestone
ased in the Portland cement industry large quantities of limestone
have been produced for blast-furnace flux and agricultural uses,
and smaller amounts for road construction, conerete, and building
purposes. Considerable quantities of limestone are aiso burned for
Jime, which is used in building and manufacturing and as a fer-
tilizer. Stone for finx and the pure limestone used in cement
manufacture are obtained chiefly from the white Franklin lime-
stone, which is quarried at several localities in Sussex County snd
at Buttzville (near Oxford}, in Warren County. For other pur-

- '
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poses both this stone and the gray magnesian Kittatinny limestone
are used, the chief preducers of the latter being Warren and
Hunterdon counties.

Slate~Roofing slate was produced from the Martinsburg forma-
tion at Lafayette and Newton, in Sussex County for many years,
but at present (1940) the quarries are idle. Some large quarries
ond several smaller ones were formerly worked at a number of
other places southwestward through Warren County to Delaware
River. The great hardness of most of the New Jerscy slate adapts
it to a variety of uses to which the softer slates are unsuited, such
as steps, floorings, railings, and flagging, in which resistance to
wear and weather are prime requisites. It is not, however, so
easily sawed into slabs as the softer kinds,

Marble~—The white Franklin limestone is thoroughly erystalline
and, sirictly speaking, it is, therefore, a true marble, but it has
. been used so little for building that it is seldom called by that
name, It has been quarried in many places for use as flux in
blast furnaces and for the ‘manufacture of lime and cement, as

described in the preceding paragraphs, The almost snowy white- |

- ness of this stone would produce handsome effeets in building and
where it is not too much broken by joint eracks it might well be
quarried for this purpose, particularly the finer-grained varieties.
In general, however, it 18 too coarsely crystalline to be used
in this way.

Axn attractive pink variety of this stone, mottled with green and
- black minerals, oceurs near Great Meadows (Danville), in Warren
County, It takes an excellent polish and is capable of heing used
with beautiful effect for interior decoration. A little of it was

" shipped for this purpose many years ago, but it is not being quar-
ried at the present time.

Talc, soapstane, and serpentine~At several places in the High- |

lands these materials occur in small isolated patches of the Frank-
lin limestone; but they have been gnarried only along Delaware
River just above Phillipsburg, in Warren County. The lighter-
" colored portions of the stone, consisting of an intimate mixture of
tale, serpentine, and tremolite, are ground to 3 fine powder, known
as *‘mineral pulp,’ for use in the manufacture of paper, rubber
goods, soap, paints, ete, The darker-green and mottled rock can be
polished snd used in part for interior decorative purposes in
building.

References~''Building ‘Stones of New Jersey,” by J, Volncy
Lewis, A'ai Report of the State Geologist for 1908, pp. 53-124.
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““The Fire-resisting Qualities of Somé New Jersey Building
Stones,”” by W. E, McCourt, Annual Report of the State Geolo-
gist for 1906, pp. 17-76. )

““Properties of Trap Rock for Road Construction,”” by J. Volney
Lewis. Annual Report 6f the State Geologist for 1908, pp, 165-.
172.

“The Tale Deposits of Phillipsurg, N. J.,”" by F. B. Peck. An-
rual Report of the State Geologist for 1004, pp. 161-185.

““The Chemical Composition of the White Crystalline Limestone
of Sussex and Warren Countics,’”’ by Henry B. Kimmel and
R. B. Gage. Annual Report of the State Geologist for 1905,

pp. 173-191.

Geologie Folios: No. 1, Passaic Folio, 1808, p. 25; Ne. 2, Frank-
lin Furnact Folio, 1908, p. 26; No. 4, Trenton Foho, 1909, p. 21;
No. 5, Raritan Folio, 1914, pp. 30, 3L

“Starting a New Quarry,”’ by M. 'W. Twitchell, Bulletin 11,
Geol. Survey of New Jersey, 1913, pp. 32-35.

SAND AND GRAVEL.

' QOrginary sand and gravel suitable for building and paving pur-
poses are found in the surface deposits of Pleistogene and Recent
age in many parts of the State. The Coastal Plain contains num-
erous beds of unconsolidated sand in strata of Cretaceons and Ter-
tiary age also. Various special grades of sand are produced for
foundry molding, firebrick, furnace linings, glass manufacture,
brick and pottery molding, for locomotives, for water filters, and
smaller amounts for grinding and polishing purposes,

Glass sand.~The Cohansey sand, which in its surface outerop
is the most widespread formation in the Coastal Plain, is sufficient-
1¥ pure and white at many places to be available for glass manu-
facture, Over considerable areas this sand is covered by the shal-
jow surface deposits of Quaternary gravel and sand. The chief
producing localities are in eastern QOcean County, about Vineland,
and along the lower Maurice River, in Cunberland County.
Smaller amounts are dug in Camden, Gloucester, and Middlesex
counties.

Molding sand.—Core sadls oceur dt numerous localities in the
Bridgeton formation, which lies chiefly in the southernmost tier of
counties, across the State from the Delaware to the Atlantic coast.
Similar sands oceur also in the Pensauken formation, the most im-

portant deposits of which lie in the belt from Raritan Bay in Mon-
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mouth County, southwestward to Salem County. The melding
loams and loamy sands ecenr very widely in the terraces of the
Cape May formation. -

The chief producers of molding sands are Middlesex, Cumber-
land, Burlington eounties, '

References—~*The Glass Sand Industry of New J‘e'rsey,” by
Henry B. Kiimmel and R. B. Gage. Annual Beport of the State
Geologist for 1006, pp. 77-96. ‘ '

“A“Report upon some Molding Sands of New Jersey,”” by Henry
B. Kiimmel and 8. H. Hamilton. Annual Report of the State
Geologist for 1904, pp. 187-246. ) .

Geologic Folios: No. 3, Philadelphia Folio, 31909, p. 21; No. 4,
Trenton Folio, 1909, p. 23, -

MARLS.

. Greensand marl—Glauconite, a hydrous silicate of potassivm
and iron, forms large proportions of several of the Cretaceous and

Tertiary formations, partieularly the Marshalitown, Navesink,

Hornerstown, and Manasquan, eanstitnting the greensand marls
of Monmouth, Burlington, Camden, (}loucester, and Salem ecoun-

- ties, These marls were formerly used in great quantities as fertil-
izer, but they have been replaced to a very large extent in recent
vears by the more concentrated commercial fertilizers, Small
amounts of marl are still used locally, however, and a few thou-
sand fons are used annually ag a base exchange medium in water-
softening equipment.

The mar} oceurs in nnarlyl horizontal beds 20 to 25 feet thick .

_which reach the surface between Delaware Bay and Atlantte High-
lands along a belt about 100 miles long, with an average width of
2 miles, In Monmouth County and in a portion of Burlington
County, the three marl beds are separated horizontally by thick
beds of sund, but further southwest the sand bed which lies be-
tween the two lower marl] beds disappears and these two unite. No
one of the three beds outerops at the surface continuvousty, owing
to a cover of later gravel and sand of varying thickness., The beds

~ incline to the southeast at a low angle, 30 to 50 feet per mile, s0
- that they underlie all of the State from their outerop to the ocean,

but for much of the area at so preat & depth as to be inaccessible,

exeept by deep borings. _
Careful explorations undertaken in 1918-9, jointly by the U. 8.
Geological Survey and the State Department of Conservation and

P
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Development have shown that the average content of potash of the
two lower marl beds is 6.6 per cent, and that not less than 257,
000,000 short tons of potash (K.0) is, contained in those portions
of the mar] beds which ean be mined by open-pit methods. The
New Jersey greensand marl beds contain, therefore, an enormous
reserve supply of potash, capable of meeting the needs of the en-
tire country for centurics to come. The development of a potash
industry based. on the New Jersey greensand depends on the abil-
ity of manufaeturers to devise an economic and efficient method
of extracting the potash at a cost low enough to compete with
other sources, .

White marl.—In many of the ponds and meadows of Sussex and
Warren counties there are considerable recent deposits of white
limy marl which has commonly been called *‘shell marl’' These
oceupy areas of various sizes up to 100 acres, and the marl ranges
in thickness from 3 or 4 feet to more than 30 feet. All of these de-
posits would seem to be suitable for agricultural purposes, and
many of them are doubtless of gufficient purity for the manufac-
ture of Portland cement by the addition of the proper amount of
clay or shale. :

' References.—Greensand marl, Annual Report of the Depart-
ment of Conservation and Development, 1320, pp. 36-48.

Idem.—Report for 1919, pp. 99-104.

1dem.—Report for 1917, pp. 26-30.

«potash in the Greensands of New Jersey,”” by George Rogers
Mansficld. Reports of the Department of Conservation and De-
velopment, Bulletin 23, 1923, :

“The Greensand Marls,” by W. B. Clark. Annual Report of
the State Geologist for 1902, pp. 218-245.

¢“Greensand Marls,”” by George J1. Cook. Annual Report of the
State Geologist for 1886, pp. 154-210.

Geologie Folios: No. 3, Philadelphia Folio, 1309, p. 21; No, 4,
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" Trenton Folio, 1909, p. 23. .

tWhite Marl Deposits,”’ by Henry B. Kimmel. Annual Report‘
of the State Geologist for 1900, pp. 98-101.

PEAT.

Many swamps of northern New Jersey contain peat deposits of
good quality and in considerable quantities, particularly those of
Bergen, Morris, Sussex, and Warren counties. A little of the ma-
terial hat been used for fuel and larger quantities are used in the
manufacture of commercial fertilizers of various kinds,

NEW JERSEY GEOLOGICAL SURVEY
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For many years two plants were operated, one on the Pequest
Meadows near Great Meadows station and the other northeast of
Newton near Warbasse. - Of recent years the former has been
~ abandoned, but the latter has continued as one of the largest pro-
ducers in the country, and small deposits have been worked near
Stanhope, Andover, Middletown (Monmouth Co.) and Lawrence-

ville. Several types of produet are placed on the market, includ-

ing humus tankage which is used chiefly in making chemical fer-
tilizer mixtures; prepared humus which is sold as a substitute for

mapure; and a commereial culture in peat of the bacteria neces- -

sary for the proper inoculation of clover, alfalfa, soy beans, ete.
It is claimed that this medium has advantages over the gelatine or
agar cultures owing to its granular nature and its retention of the

moisture necessary for the existance of the bacteria with which it
has been inoculated. ‘

Reference.—*' A Report on the Peat 'Deposits of Northern New
Jersey,”” by C. W. Parmelee and W, B. McCourt. Annual Report
of the State Geologist for 1805, pp. 223-313. (Out of print).

MINERAL PAINT.

Some Triassic red shale of the Brunswick formation has been
ground and used as a pigment in paint, The dark-gray to black
slate of the Martinsburg formation (Ordovieian) is also ground
for paint in adjeining states. The New Jersey rock has not been
utilized for that purpoese, although great quantities of waste are
available at the quarries.

Impure limonite (brown hematite) with an admixture of clay
forms beds of the yellow pulverulent material known as ocher, and
this by ealeining at a dull red heat changes to red ocher or Vene-

‘tian red. Deposits near Phillipsburg in Warren County, were
formerly worked a little, but there is now little or no native min-

ing of this material in the State, the only ochers produced being
manufactured chemically.
The zine ores of Sussex County are used extensively in the

manufacturer of the white zine pigments known as ''zinc white®’
and “‘lithopone.”’

DIATOMACEOUS EARTIL.

Diatomaceous earth, often called “‘infusorial earth,” has been
found beneath shallow deposits of peat in a number of swamps and
meado"n -the northern part of the State. Some of this has been
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dug for use in the manufacture of polist{ing powders, concrete,
dynamite, ete,

APATTTE,

The mineral apatite (chemically a phosphate of lime, tricaleium
phosphate) occurs in many of the deposits of magnetie iron ore in
the Highlands, but generally in very smaill amounts. Grains of the
mineral are distinetly visible in portions of some of the ore bodies,
and in places it forms so great a proportion of the rock that the
possibility of mining it profitably has been eonsidered. Thus far,
however, it has not been produced commercially and does not seem
likely to be in the near future.

The most promising apatite-bearing ore is at the Canfield phos-
phate mine, southwest of Dover, near the Dickerson jron mine,
Here a layer of magnetite-apatite rock 8 feet thick has been ex-
posed by shallow workings and traced by the magnetic needle for
about 1,000 feet along the strike, from southwest to northesst. The
ore is & granular aggregate of magetite and apatite, and samples
have been found to contain over 50 per cent of apatite by weight,
together with small amounts of quartz, feldspar, and mica, . The -
average rock js reported to contain about 32 per eent of apatite.

A smaller deposit js found at the Hurdtown apatite mine on the
east side of Tiake Hopateong, about a mile southwest of the Hurd-
ton iron mine. The ore -contains apatite, magnetite, pyrrhotite,
and pyrite, with caleite and silicates as gangue minerals.

References——Geologic Folio No. 5, Raritan Folis, 1914, pp. 29,
30

1

:‘The Hurdtown Phosphate of Lime Yoeality,”” by Henry
Wurtz. Geology of New Jersey, 1868, pp. 603, 604,

GREAPHITE.

-

Graphite occurs in the erystalline rocks of the New & ersey High-
lands (1) as a constituent of the Franklin ]imesto‘ne, (2) in bam_ls
in garnetiferous mica schist, (3) in pegmatite dlkqs,. nm'i {4} in
fine-grained guartz-mica schist, especially in that which is associ-
ated with the pegmatite.

The first and second methods of occurrence are common, but the
graphite is present in quantities so small that it is' of no com-
mereial importance, The third method of occurrcx}cc is also rath.er
common, especially in pegmatitics that contain mica, the_ graphite
Iying in large flakes between the quariz and feldspar grains of t'he
coarse-grained rock, from which it can be separated only with
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great diffienlty. At Bloomingdale, in Morris County, graphite was
mined years ago from a pegmatite dike and from schists lying in
contact with it and was put on the market, but the project was not
sueeessful.

Graphite schists occur at 2 number of widely scattercd places
and at three of these the proportion of graphite was so large that
mills were erected to separate it——one a mile south of High Bridge,
Hunterdon County, onc at Iligh Bridge, and a third 5 miles south-
west of Morristown, between Brookside and Washington Corners,
Morris County. At this last locality the main source of supply
was a coarse black quartz-graphite sehist, which may be a sheared
pegmatite. Prospecting for graphite has been done at many places
in the State, chiefly in adjoining portions of Hunterdon, Somerset,
and Morris counties, from the vicinity of Iligh Bridge to Morris-
town, but as yet no successful mine has been established.

References.—Raritan Folio, 1914, p. 30; Geology of New Jersey,
by George H, Cook, 1868, p. 710.

S0ILS.

Those physical and chemieal characters of the seil that influence
fertility vary greatly in different portions of the State and even
within short distances in many regions, depending in part on
whether the seil is residual or transported, the sources of the
material, and the processes that have been converned in its
production.

Residual soils, formed by the decomposition or disintegration of
rock in place, occur to an important extent only in those areas of
the Highlands and the Piedmont Plain that lie south of the ter-
minal moraine. Transported soil is formed by the decompesition
of materials brought fromn other areas by glacial ice, water, and to
a slight extent in New Jersey, by wind. North of the terminal
moraine the soils were derived chiefly from glacial drift, more or
less modified, partieularly in the valley bottoms, by the action of
. water. Seuth of the moraine the larger streams and some smaller
ones have formed alluvial or bottom-land deposits, and superficial
deposits of sand, gravel, and clay form the soils on many ridges,
hills and upland flats,

No attempt can be made here to deseribe the soils of the various
parts of the State; but their general character in many regions
* may be estimated from the descriptions of the Cretaceous, Ter-
tiary, and Quaternary formations together with the distribution of
these formations as shown on the geologic map.
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A soil survey of the State in cooperation/with the U. 8. Bureau
of Soils has been completed, and detailed maps showing the dis-
tribution of various seil types and reports have been published for
the Sussex, Frechold, Camden, Belvidere, Millville, Bernardsville,
Chatsworth, Trenton, Salem and Bergen areas. Fublication bas
been by the U. S. Bureau of Soils. )

References—"The Mechanical and Chemical Composition of
$oils in the Sussex Area, New Jersey,”’ Bulletin 10, 1913, reports
of the Department of Conservation and Development.

“‘Soil Survey of the Freehald Area,”’ Bul 13 {out of stoek),
1916, idem. .

*‘Soil Survey of the Belvidere Area, New Jersey,”’ Bul. 20,
idem. : .
“*Soil Survey of the Millville Area, New Jersey,”” Bul. 22, 1921, -
idem. ‘

“'Soil Survey of the Bernardsville Area, New Jersey,”” Bul. 24, -
1923, idem. ~

Soil Survey of the Chatsworth Area, New Jersey,”” Bul. 25,
1824, idem. :

“‘Soil Survey of the Trenton Area, New Jersey,”’ Bul. 28, 1926,
idem. ' :

“Soil Survey of the Salem Area, New Jersey,”” Number 47,
Series 1923, U. 8. Dept. of Agriculture, Bur. of Chemistry and
Seils.

“180il Survey of the Bergen Arca, New Jersey,” Number 32,
Series 1925, idem.

*Goil Survey of the Camden Area, New Jersey,”” Number 28,
Series 1926, idem.

“Surface Geology,”’ by Rollin 1. Salishury. Avnual Reports
of the State Geologist: 1892, pp. 33-166; 1893, pp. 33-356; 1894,
pp. 1-150; 1895, pp. 1-6; 1896, pp. 1-24; 1897, pp. 1-22; 1898,
pp. 1-42.

“‘Relations Between Forestry and Geology in New Jersey,” by
Arthar Hollick. Annual Report of the State Geologist for 1898,
volume on Forests, pp. 175-201. _

“eOn Drift or Pleistocene Formations of New Jersey,'' by Rollin
D. Salisbury. Annual Report of the State Geologist for 1831,
pp. 35-108.

“Qak-land and Pine-land Belts and Their Relation to Agri-
cultur;a," by C. W. Coman. Annual Report of the State Geoto-
gist for 1891, pp. 111-140. . .
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- No oil is known to oceur in New Jersey, but for a number of
years considerable sums of money were spent in an endeavor to
locate oil pools of commercial importance, Wells bave been
drilled to various depths (ome exceeding 5,000 feet), at Belle
Mead, Cassville, Millville, Prospertown, Newport and Jackson's
Mills. All of them were absolute failures and were abandoned.

So far as known, geologic conditions are not favorable in awy
part of the State for the occurrence of oil in commercial
quantities, Therefore, the usual guides for drilling are absent.
The unsuccessful wells already put down, together with the large
number of fresh-water wells which have been drilled in the
Coastal Plain deposits {Cretaceous and Tertiary) without finding
any traces of oil, furnish a large amount of negative evidence

. which caunot be jgnored. Furthermore, the presence of fresh

water in these formations, which at the time of their deposition
were saturated with salt water, proves a vigorous ground-water
cireulation which, in the absence of ‘‘traps,’’ could not fail to
have removed any oil as fast as it was formed. There are, there-
fore, strong a priori grounds sgainst its occurrence in the over-
lying Coastal Plain deposits.

Near their northwestern margin, these beds rest for the most
part on ecrystallive rocks, chiefly gneiss and schist, which are
regarded by geologists as pre-Cambrian in age. Similar rocks
have beep reached by the drill under the Cretaceous beds, several
miles southeast from their margin. Geologists are agreed that
there is practically no chance of finding large amounts of oil in
such pre-Cambrian rocks. If these rocks underlie the Coastal

Plain beds throughout their entire extent in New Jersey, then.
‘there seems to be even less chance of finding oil in them than in

the higher layers. If, however, the Coastal Flain beds rest io
some localities on old sedimentary rocks, either infolded or fauilted
in the gneiss—a supposition for which no support can be drawn
from anything exposed on the surface in this or adjacent regions
-~in that event there is a possibility that oil may be discovered.
But since the existence of such rocks beneath the Coastal Plain
has not yet been positively established, no encouragement can be
held out to prospeetive drillers. The most that can be said is
that if, contrary to our best knowledge, such formations do under-
lie parts of the Coastal Plain, and if they are discovered by the
drill, th ay or may not prove to be oil-bearing.
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