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PREFACE.

[P —

The first volume of this series of “ Final Report of the State
Geologist”’ was published in 1888. The second volume appeared in
two parts, in 1889 and 1890, and the * Report on Water-Supply,”
Volume IIL, in 1894, The demand for the first volume, “ Topog-
raphy, Magnetism and Climate,” and the exhaustion of the edition,
made it necessary either to reprint the volume or to publish & new
work, which should include the important statistical matter of that
volume. The present work on the physical geography of the State,
with an appendix of statistios, is published to meet the demand and
fill the gap in the series of reports.

The preparation of the report on the physical geography was put
in charge of Prof. Rollin D. Salisbury, whose acquaintance with the
Btate, acquired by his work on the surface geology since 1891, was
such as to make the appointment eminently fitting and conducive to
a thorongh discussion of the subject. The appendix has been pre-
pared by Mr. C. C. Vermeule, formerly in charge of the Topographic
Survey and author of the *“ Report on Water-Supply.”

The surface as we see it, with its strata of rock formations in
mountain ranges and hills, more or less covered by drift deposits, or
in the unoonsolidated beds of clays, marls, sands and gravel spread
out in valleys and over wide plains, the drainage by the many streams,
the lakes among the hills, and the other features of the surface, have
been described in the older reports of the Geological Survey, in the
nature of the beds or deposits which make up the surface, and their
relation as outcrops to extensive formations, characterized by their
foesil forms of life or their mineral contents of economic importance.
Much has been eaid in these various publications on the relation of
the various strata and deposits to the forms of mountains, hills, table-
lands and valleys, and a description in detail of the drainage systems
of the State and the geographical distribution of the land and water
areas. The references to the geologic structure and ita relation to the

(vii)



viii PREFACE.

shape or configuration of the conntry have been slight, and there has
not been any discussion of the origin of the topography or the devel-
opment of the sarface through the geologic ages.

In the first part of the report the four great natural divisions of
the State are described : the Kittatinny monntain and the Kittatinny
or Great valley; the Highlands; the red shale and sandstone plain,
with its trap ridges; and the clay and greensand marl belt, merging
southeast into the coastal plain. The several natural subdivisions,
their streams and lakes, and their origin and the distribution of the
drift on them, are deecribed in detail. The origin of the sub-valleys
of limestone and the slate ridges in the Kittatinny valley; the rela-
tions of the rectangular system of the streams in the northern part
of the State to the geology ; the division of the Highlands into three
geograbhic belts ; the level crests of the ranges in the Highlands;
the lakes shat in by the drift dams; the streams flowing in the val-
leys, worn down in the rocks or through gaps across the strata ; the
changes due to the drift of the glacial age, deposited unevenly on the
rocky floor ; the sandstones and shales of the Triassic age and their
subdivisions, forming the Hunterdon platean and the low-lying valley
of the Raritan ; the bold ridges of trap-rock; the coaestal plain, in-
oluding the hill conntry of the greensand-marl belt, are the topics of
the several sections in the first part of the report.

The second part is devoted to the history of the origin and the
development of the surface. The changes caused by the elevation of
the land out of the sea, and again by its submergenoe ; by the wearing
down of the land by rains and streams, carrying the land little by
little to the sea; the work of the winds drifting the sands; and the
uplifting igneous forces and their results, are the subjects of this
part of the work. The history is geological and is long, althongh
the earlier chapters are not given on account of the difficulty of
tracing the limits of the older formations as they were laid down, and
.afterwards more or less covered by later deposits. The history of the
crystalline rocks of the Highlands and the land aress of that early
time; of the seas in which the limestones, sandstones and slates of
Paleozoio time were formed ; of the shallow waters of the Triassic age,
wherein the shales and sandstones were deposited, and of the land of
that age is omitted, because of the obliteration of the older surface
forms in the later geographical epochs.

The history begins at the end of the Triassic age, with what is
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termed the post-Triassic uplift. Sinoce that time there have been
several well-marked stages in the development of the territory of the
State, which are summarized in the last section of Part II. The
uplifts and the snbmergences were not of a violent or catastrophic
nature, but gradnal and the work of centuries, and they affected not
only the areas raised ont of the sea or submerged beneath the ocean
level, but wide stretches of land, and probably were continental in
their extent. The uplifted land became at once the ground on which
the rains, springs, frost, winds and streams began their work of wear-
ing down—that of gradation—and thic was continued more or less
actively until the whole was worn down to the level of the drainage—
base-leveled. As subsidence was in progress material from the ad-
Jjacent land was carried into these sabmerged areas, and there were
deposits of clays, marls, sands, gravels and boulders made by water
and ice. In the first-described of the smbmergence stages the clays
and greensand marls were laid down in the Cretaceous age. In the
next one, known as the Miooene, gravels, sands and clays were de-
posited, In the next later, termed the Pensauken epoch, there
appear to have been deposits made by ioce as well as water, marking
probably the first invasion of glacial ice. The last submergence has
been called the Cape May epoch, on account of the formation of that
peninsula in that epoch. The uplifts between thése subsidences were
equally marked in their effect uapon the surface, as the streams were
then active. In one of them, known as the glacial, a continental ioce-
sheet covered the northern part of the State, and left its mark on the
surface in the morainic hills of drift from Perth Amboy to Belvidere.
It was probably the second ice invasion. The glacial epoch was fol-
lowed by the subeidence of the Cape May epoch, which is the last
well-marked stage in the history.

The changes in the shape of the land and the seas, and in the
streams and their courses have been many in these geological epochs,
and of great extent. Southern New Jersey has been at times a belt
of islands separate from the northern mainland. The rivers have
had various courses, notably the Raritan and the Delaware. The
great Lake Passaic and other large sheets of water have had their
stages of growth and disappearance.

All this history of later geological time with its changes of land
and water are given in detail with illustrations, showing the State at
given epochs, and its shore-lines and river systems. It is interesting
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as the work of natural forces shaping the State for the coming of man,
and is the prelude to the historic period.

The relief map of the State which accompanies this report was pre-
pared by Mr. Vermenle. It is based upon the topographical survey,
and is, therefore, an accurate picture of the surface relief. The great
features of the State, its ranges of mountains, hills, table-lands, plains,
marsh-lands, and streams and water areas, are all shown in their
proper relations to one another, and make a comprehensive illustra-
tion of the topography as described in the text of the Report, supple-
mented by many statistics in the Appendix. A leading object in the
publieation of the map has been to put it in every school-house in the
State as an aid in the study of geography. Its general use also must
tend to make all who study it familiar with the large and more promi-
nent features of the State, and to stimulate inquiry into the origin of
those forms, leading to educational results of value, It conveys infor-
mation graphically, which can be grasped readily and is retained with
ease. The original drawings were made under Mr. Vermenle’s imme-
diate snpervision. The painstaking care and attention given to the
work by the engravers, Mesers. Julius Bien & Company, have con-
tributed to the success of the map.

The pictorial plates of the volume are reprodunced from photo-
graphs and show several of the characteristic featnres, as the Palisades,
the Delaware Water Gap, the gap in the Green Pond-Copperas
mountain range, the Kittatinny valley and mountain, the Highlands,
and the dunes of the ocean shore,

The several profiles exhibit graphically the contour of the surface
as compared with that before the erosion of the valleys had begun,
and indicate how the old land level was carved out by the streams,
and made into valleys and ranges of hills. The illustrations make
clear the text and attract the reader, :

The Appendix has been prepared by Mr. C. C. Vermeunle. It con-
tains all the important tables of statistical matter of the volume on
“ Topography, Magnetism and Climate,” excepting the article on oli-
mate, which has been omitted as not pertinent to this disoussion of the
physical geography of the State. The Table of Geographical Posi-
tions, with the introduction thereto, and the description of the bench-
marks of the topographic eurvey of the State, have been reprinted.
The list of elevations of prominent points also is reprinted with
slight revision. The notes on the elevation of the topographical
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features have been added (pages 101-106)., The heights of the
mountains, hills, valleys and plains above the sea level, and their
average elevation, are given in these notes, as also the elevations along:
the river-courses. They serve to explain the relations of the more
characteristio surface features to the ocean, illustrated by the relief map.

The table of drainage areas, forested areas and population of the
stream basins is reprinted, with the addition of the statistics of the
natural yield of the large streams in millions gallons daily, an
important practical element in the study of the surface and of the
flow of streams. The subject has been discussed in detail in the report.
on water-supply. A tide table has been added to show the range or
rise and fall of the tides, and also the relative time of high water at
important tide stations. The areas of the several political divisions
are given as they were at the date of this report. The population
tables have been made to include the results of the State census of
1895, and the distribution aocording to the divisions at the time of
that census.

The figures of the Magnetic Survey have been revised slightly.
A map illustrates the table of magnetic declinations,

On acoount of the many important tables in the appendix, and the
diffioulties attending the preparation of the maps, and, in particular,
the relief map of the State, the publication of this volume has been
delayed a long time. The necessity of acourate statistical matter and
the value of the diagrams, sections and maps which illustrate so
graphically the geological history of the State are, however, such as
to justify the delay in the issue of the work.

JOHN C. SMOCK,
State Geologist.
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THE PHYSICAL GEOGRAPHY OF NEW JERSEY.

THE TOPOGRAPHY.

PART IIL

—_—

THE HISTORY OF THE TOPOGRAPHY.

1* (1)




PART 1.

THE TOPOGRAPHY OF NEW JERSEY.

SECTION 1.

GENERAL STATEMENT.

The Atlantio slope of the United States is a fairly distinet geo-
graphical province. Its eastern boundary is the sea; its western
bonndary on the morth is the divide between the drainage flowing
southeast to the ses, and that flowing northwest to the 8t. Lawrence.
Farther south, its western limit is the divide between the streams
flowing east to the Atlantic, and those flowing west to the Ohio and
Mississippi rivers. 'The great Appalachian system of mountains
belongs partly to the Atlantic slope and partly to the geographic
province next west, the line between them being the water-shed, or
water-parting, between the drainage which flows to the east and that
which flows to the west. This line does not everywhere correspond
with the highest part of the mountain system, end is therefore in
some sense arbitrary, as most lines separating geographical provinces
are. The whole of the State of New Jersey lies within the province
of the Atlantic slope.

On the basis of altitnde, the Atlantic slope is divisible into several
sub-provinces,* all of which are elongate in a direction roughly
parallel to the shore. 1°, Next the coast, there is nsnally a belt of
low land, few or many miles in width, known as the Coastal plain.
2°, Inland from the Coastal plain, there is a zone intermediate in
height, between the Coastal plain to the east and the mountains to the
west. In the SBouth, this is known as the Piedmont plateau. 3°. The

*McGee. Seventh Annual Report U. 8. G. 8., p. 548.
(8
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mourmtainous part of the slope constitutes the third sub-province,
known as the Appalachian zone.

The Atlantio slope may be divided into two sections—a northern
and a southern—in which the Coastal plain is narrow (or absent) and
wide, respectively. It is in New Jersey that these two sections meet,
and the division line, as nearly as a line may be drawn, runs from
the Raritan river, just below New Branswick, on the northeast, to
Trenton, on the southwest. South of this line, the Coastal plain
expands, and all oconsiderable elevations recede ocorrespondingly
from the shore. Aocording to this division, the extreme northern
portion of the State belongs to the northern section of the Atlantic
slope, while the southern portion belongs to the southern section.

It is in the southern section of the Atlantic slope that the three sub-
provinces mentioned above are especially well shown. In the
northern section, they are less well developed, and, even where the
topography is comparable, the underlying rock structare is different.

In general, the Coastal plain of the middle and southern Atlantic
glope is made up of horizontal or but slightly inclined strata of
unindarated or semi-indurated material, the slight dip of which is
toward the coast. They are of Cretacoous,* Tertiary and Pleistocene
sge. The Piedmont platean, where most typically developed, is made
up chiefly of crystalline schists of great age. They have generally
been referred to the Archean, but this reference is now looked upon
with more or less doubt. Strata of Triassic age oocar at various
points within this platean, from Pennsylvania on the north to South
Carolina on the south. The mountain zone is made up chiefly of
folded Paleozoio strata, though the western margin of the crystalline
schists often attains mountainous heighta.

North of New Jersey the Coastal plain has little development,
though Long Island and some small areas farther east and northeast
are to be looked upon as parts of it. The area which corresponds
geologically to the Piedmont platean of the South is represented in
New Jersey and New York by the Highlands, while the Kittatinny
mountain and Kittatinny valley of New Jersey and their ocontinua-
tions in New York and Pennsylvania correspond with the outer portica
of the mountain or Appalachian zone of the region farther south.

In the southern part of the Atlantic slope, the Coastal plain and

# Marsh thinks some of them Jurassic. See Am. Jour. 8ci,, 4th Series, Vol. 2,
P- 433, 1896.
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the Piedmont plateau meet along what is known as the Fall line, the
name being derived from the fact that most of the streams, in crossing
this line, have falls or rapids. The Fall line marks the head of naviga-
tion on many of the streams, and has determined, or helped to deter-
mine, the location of many of the larger cities of the Coastal plain
south of New York. But while the Coastal plain abuts against the
Piedmont platean south of New Jersey, there is in this State, an inter-
mediate belt between the Coastal plain on the one hand and the High-
lands (corresponding to the Piedmont plateau) on the other. This is
the belt of Triassic rock which, throughont most of the southern sec-
tion of the Atlantic slope, has no correlative in corresponding position.
In North Carolina only a belt of similar rock intervenes between
the crystalline schists and the Coastal plain,

Were New Jersey to serve as the standard area, the Atlantic slope
should be divided into four zones instead of three. These would be,
oommencing inland : 1°, the Appalachian zone of folded strata (the
Kittatinny valley and mountain); 2°, the Highlands area (the area
of orystalline schists) ; 3°,the Piedmont plain (the Triassic ares); and,
4°, the Coastal plain (the area of the Cretaceous and younger strata).
These four divisions are outlined on Plate I., page 6. While these
divisions, stated in these terms, seem to be based on geology, they are
nevertheless topographic as well; nor is this correspondence for-
tuitous, for topography and geology are closely related, and the latter
often finds its explanation in the former.

The Appalachian zone, so far as represented in New Jersey, has a
relief of more than 1,500 feet, its highest point being more than 1,800
feet above the sea. Its topography may be eaid to be characterized
by steep-sided, even-crested, asymmetrical ridges, alternating with
capacious valleys parallel to them. The eame characteristics affect
most of the province throughout the Atlantic slope, so that the Kit-
tatinny mountain and the aseociated valley of the same name may
fairly stand as the type of topography affecting this zone. The rocks
are stratified and highly inclined; the outarops of the hard layers con-
etitute the ridges, while the valleys mark the outarope of the softer
layers. Geologically, this sub-province is sharply differentiated from
the next. Topographically, the distinctness is less perfect. .

The second zone, known in New Jersey as the Highlands, has a
relief of abont 1,200 feet, its highest points rising to elevations of
more than 1,400 feet. It is made up of a series of semi-isolated
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block-like or platean-like masees, those near one another approach-
ing a common elevation. They are sometimes small in ares, but
never assume the character of peaks. The elevations and depressions
have a less constant direction than in the Appalachian zone, and the
rocks are largely devoid of distinot bedding. The topography of the
Highlands is representative of the topography of the Piedmont platean
outside the State. Topographically, no line can be drawn which
definitely separates this provinoe from that next east; yet the tran-
sition from the one to the other is in a narrow belt, centering along
the eastern edge of the crystalline schists. The line marking the
eastern limit of their outorop is, therefore, taken as the bouudary line
of this provinoce. )

The third zone of New Jersey, the Piedmont plain, lying south and
east of the Highlands, has a relief of more than 800 feet, and its lowest
part reaches sea-level. Its topography is more heterogeneous than
that of the preceding zones. It is characterized in part by a gently
undulating surface, a8 in the vicinity of New Brunswick; in part
by bold asymmetrical ridges, such as the Watchung mountains and
the Palisade ridge; and in part by low, abrupt-sided plateauns, the
Hunterdon platean about Quakertown, and the Sourland mountain
platean, being good examples. The relief is less than in either of
the preceding zones, but the ridges are as abrupt as in the first, and
more 80 than in the second. The ridges have a general northeast-
southwest trend, but there is no close correspondence between their
direction and the direction of the main drainage lines, as the Raritan
and Passaic rivers show. The rock is chiefly stratified, the layers are
oonsiderably inclined, and the ontcropping sheets of trap, or other hard
layers of rock, oonstitute the ridges. Sinoe this zone of New
Jersey has little continuation to the south, its characteristic topography
has little development in that direction, though it extends somewhat
beyond the Delaware.* But to the northeast, in sonthern New Eng-
land, the features characterizing the Piedmont plain of New Jersey
re-appear.

In the fourth topographic province, the Coastal plain, both the
relief and the average elevation, are less than in the preceding zones.
Its highest point in New Jersey does not reach an altitude of 400
feet, and since it descends to sea level about the borders of the State,

*The Triassic rocks continue far to the south, but not in the same geographic
relations.
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the figure representing the greatest altitude also stands for the total
relief, The larger part of the Coastal plain as it ocours in New
Jersey may be looked upon as a plain—highest toward its middle,
and lowest about its margins, the sarface of which has been trenched
by the streams which flow over it. Within the province, as a
whole, the elevations and depressions have no prevailing direction.
While abrupt ridges, comparable to those of the more northerly
portions of the State, are abeent, there are steep, isolated hills,
like Mount Holly, Arney’s mount, the Mount Pleasant hills, and
the Navesink highlands, which, though of no great height, are yet
striking topographic features. The formations are chiefly of unin-
durated material—sands, clays, marl, etc.—and the beds dip at a low
angle to the southeast, Topographically, the Coastal plain is less
distinct from the Piedmont plain than the Piedmont plain is from the
Highlands, or than the Highlands from the Appalachian zone. The
line separating the two sones would best be drawn, when it is neces-
sary to draw it at all, along the Fall line already defined. More than
half the State belongs to this zone, which has its greatest development
farther south, and but slight representation to the north.

These four divisions are sharply distinot from the standpoint of
geology, and, likewise, in their type development, from the stand-
point of geography. Yet sharp lines separating one topographic
sub- province from another cannot everywhere be drawn without doing
violence to the facts, This is especially true of the third and fourth
divisions referred to above. Furthermore, there is some basis in
topography for a further subdivision of the provinces outlined above,
and these minor subdivisions would, in some cases, be as distinct from
one another as the larger divisions.
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SECTION IL
THE NORTHWESTERN PORTION OF THE STATE.

The area here referred to is bounded on the east and south by a
line running from Saffern, N. Y., through Pompton, Boonton, Mor-
ristown, Bernardsville and High Bridge to the Delaware river below
Riegelsville, It embraces the area of crystalline schists and all the
stratified rocks associated with them inside their southeastern limit.
It is divisible into two zones, the one—the Appalachian—including
the Kittatinny mountain and valley, and the other the Highlands.
These two zones are measurably distinct, both topographically and
geologically, yet in spite of their differences, they have some features
in common. Both have great relief, both are mountainous, both are
alike in having neighboring summits of approximately equal height,
and both are without sharp peaks. They are unlike in the details,
and to some extent even in the broader features of their topography.
In the one zone, the Appalachian, the ridge and valley type of topo-
graphy prevails; in the other, the Highlands, the elevations are more
maseive and there is less correspondence in direction between them
and the asseciated depressions.

The two topographic zones correspond with two sets of formations,
the one stratified, the other mainly unstratified, or bat indistinctly
bedded. The stratified rocks, for the most part, lie to the northwest,
and embrace most of Sussex ocounty and a part of Warren, They
ocover the areas known as Kittatinny valley, Kittatinny mountain, and
the area between this range and the Delaware river, and constitate
the Appalachian zone. The unstratified rocks (crystalline schists)
ocorrespond in area with the Highlands, but within this area there are
narrow bands of stratified rock, notably in the Green Pond mountain
belt.

I THE APPALACHIAR ZONE.

The topography of this zone is notable for the fact that all con-
siderable elevations are long and narrow, and extended in a general
northeast-southwest direction. The depressions which lie on either
side of the elevations are trough-like valleys, and parallel to the
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ridges which limit them. These facts find their explanation in the
bedding of the rock, the strike of which is in the direction of the
ridges and valleys. The rocks are of unequal hardness, and it is the
outoropping edges of the hard layers which constitute the ridges,
while the depressions mark the sites of the outorops of the less
resistant beds. Thus, the Kittatinny mountain represents the edge of
a hard stratum of conglomerate, while the Kittatinny valley is
underlain by rock of a much less obdurate sort.

The Kittatinny mountain.—One of the most striking topographic
features of northwestern New Jersey, is the Kittatinny mountain,
extending, within the limits of the State, from the Delaware Water
Gap on the southwest to the New York line on the northeast, a dis-
tance of about thirty-six miles (see accompanying relief map). The
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Pig. 1.
S8ection through Kittatinny mountain, two and flve-eighths miles north of Culver’s gap.
Vertical scale, X 8.

range is continued in both directions beyond the limits of the State.
The general direction of the range in New Jersey is from a little east
of northeast to a little west of southwest, but near the New York line
it changes to 8. 15° W. In width, the range varies from two miles
or less in its southern portion to four or five miles near its northern
end, again beooming narrower just south of the State line. Through-
out a part of its course, the range is double-crested, and the eastern
crest, where two exist, is usually somewhat higher than the western.

The two slopes of the mountain are notably unequal, as shown in
Figs. 1 and 2, which represent cross-sections of the mountain a little
north of Culver’s pond, and three miles above the Delaware Water
Gap, respectively. The east slope is steep, in places almost precipi-



10 GEOLOGICAL SURVEY OF NEW JERSEY.

tous, The west slope is less abrupt, though even here the angle is
often high. This is especially true below the Wallpack bend of the
Delaware. The inequality of slope finds its explanation in the dip of
the rock, which is to the northwest.

The lower limit of the mountain on its eastern side is 900 to 1,000-
feet above the level of the sea, and has a nearly constant altitude.
Above this level, the crest of the ridge rises by a slope so steep as
to make ascent difficult, and in many places impoesible, to a height
which, on an average, is about 1,600 feet above the sea, giving the
carest of the range an average elevation of about 600 feet above its

- eastern base. Its highest point, between one and two miles south of
the Btate line, has an elevation of a little more than 1,800 feet.

To the north, where the range is wide, its western slope is less:
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Fig. 2.
Bection through Kittatinny mountain, three miles north of the Delaware Water Gap, showing
the double crest. Vertical scale, X b.

clearly defined than to the south, where it is narrow. From the
eastern orest of the wider part of the range, the westward descent is
but slight to a broad, rolling plateau, three to five miles wide, the
upper levels of which reach an elevation of more than 1,200 feet.

In the range there are occasional gaps, the most notable being that
through which the Delaware flows and known as the Delaware Water
Gap. Where this stream crosses the mountain it is but 287 feet
above tide. The mountain to the east rises to a height of nearly
1,600 feet, giving an almost precipitous slope of about 1,200 feet.
The next most important break in the range is Culver’s gap, four
miles northwest of Branchville. This is a wind gap—that is, a gap
through which no stream flows, The bottom of this gap is 915 feet




PLATE I A.

Delaware wmr Gap and Kittatinny mountain from Manunka Chunk. The even crest of the Kmlt!nny range, in the bac represents a remnant
of the Kittatinny base-lev«1 (p. 88) The upland in front of the range. best see: ngmenu the ﬁldn developod in the
subsequent incomplete erosion cycle (p. 94), while the lowlsnd in the eentor wu developed in a still later cyole,
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above the level of the sea. The next most considerable interraption-
in the crest of the range is that at Catfish pond, a few miles farther-
south, and four miles northwest of Blairstown. The bottom of the
gap at this point is nearly 300 feet higher than that at Culver’s,

In spite of the gaps just mentioned, the most notable featare of the-
range when seen from any point of view sufficiently distant to take in
any considerable portion of it, is the approximate evenness of its crest.
It is true that the elevation of the crest varies several hundred feet,
not counting the gaps just mentioned ; but as the variations take-
place gradually, except in the case of the gaps, they do not serionsly
interfere with the general expression of evenness. This general charac-
ter is best appreciated when the moantain is seen from the western-
portion of the Highlands to the east. It is not within New Jersey
alone that this charaoteristic affects the range; it may also be seen
beyond the State in both directions. '

Another notable featare of the range is the fact that, as it.is fol-
lowed from north to south, its eastern crest is repeaﬁedly offbet to the-
east.* The first of these offsets oocurs at the point where the road
from Blairstown to Flatbrookville crosses the range, and amounts to-
700 yards. A second offset ocours between five and six miles north-
east of the Delaware Water Gap, and amounts to nearly a mile. The-
third and least occurs at the Water Gap, where the oourse of the-
range, as developed on the New Jersey side of the river, is continued
by a orest offset to the south in Pennsylvania.

The area west of the Kitlatinny range.—Along the west base of the-
Kittatinny mountain, from the Delaware Water Gap to Flatbrook-
ville, the river hugs the western base of the mountain, except in so
far as it is separated by terrace deposits. But north of the Wallpack
bend of the Delaware, the area between the east crest of the Kittatinny
mountain and the river is divisible, on topographic grounds, into-
two sections (see relief map). The larger and higher lies to the east,
and eonstitntes the west slope of Kittatinny mountain. From this-
the Flat Brook and Mill Brook valleys separate a lower and narrower
ridge, which, like its greater companion to the east, is wider near its
northern end, and narrower near its southern.

From the Wallpack bend to Peters Valley, the subordinate western
ridge has an average width of no more than a mile, but north of”
Peters Valley it widens, becomes less ridge-like, and finally forms a.

* Vermeule. Geological Survey of N. J., Vol. L., 1888, p. 121.
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platean, often two miles in width. Just south of the State line,
however, the platean again narrows into a ridge, much as to the
south. The height of this western ridge varies from about 650 feet
to 900 feet, and its crest is relatively more irregular than that of
the main range to the east. It attains its greatest average elevation
where it is widest, and it is most irregular and lowest where it is
narrow.

The valley which separates this ridge from the Kittatinny range
has an elevation of something more than 300 feet at Flatbrookville,
440 feet near Peters Valley, and about 600 feet at Hainesville. The
valley of Mill Brook, which is really the northerly continuation of the
Flat Brook valley, has an elevation of between 500 and 600 feet.
The western ridge, known as Wallpack ridge to the south, and as
Hog-back ridge to the north, is therefore set off from the Kittatinny
range by a valley 200 to 400 feet deep.

West of the crest of this western range flows the Delaware, sep-
arated from it at many points by oconsiderable areas of lower land,
usually composed of glacial drift. This part of the valley in which
the Delaware flows is really a part of the extensive valley depression
which extends from Kingston, N. Y., southwest into Pennsylvania.

The geological relations of the Kittatinny range, and of the
oountry to the west of it, are significant. While the orest of the
main range represents the line of outcrop of the hard Oneida con-
glomerate, one of the most resistant formations of northern New
Jersey, its west slope is made up of the less-resistant Medina sand-
stone and shale. The Wallpack and Hog-back ridges, lying west of
the Kittatinny range, represent the outcrop of the moderately-
resistant Oriskany and Cauda Galli formations, and the valley which
separates this ridge from the Kittatinny mountain, is underlain by
limestone, the least obdurate formation in the northwestern part of
the State. It is doubtless because of the limestone that the valley
has been opened out between the Kittatinny range and the subor-
-dinate ridge to the west,

The lowland west of the secondary ridge, and between it and the
Delaware, is likewise underlain by limestone. Thus, it is seen that
‘the physical features of this part of the State are intimately connected
with its geological structure.

The Kittatinny valley.—Immediately east of the high Kittatinny
wange lies the broad, trough-like Kittatinny valley, the axis of which




PLATE 1. B.

Looking east from Manunka Chunk, Jenny Jump mountain, a 4 ded remnant of the Bchooley peneplain (p. 88), constitutes
the background, and the undulatory plain of Kittatinny valley (p. 91) the foreground.
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is parallel to the mountain range which forms its western margin
(see Figs. 1 and 2, Plate II., p. 16, and relief map). Its eastern
border is formed by the western border of the Highlands, and
may be said to run from New Milford, N. Y., to Franklin Furnace,
and thence by a somewhat crooked line south to Andover and Ala-
muche, and thence along the Pequest river to Belvidere, Stated in
other terms, the eastern boundary of the valley is formed by the fol-
lowing mountains, which are nothing more than partially distinct
sections of the Highlands: Wawayanda, Hambarg, Pimple hills,
Sparte, Alamuche, Pohatoong and Soott’s. These mountains vary in
height from 1,000 to 1,400 feet. The length of that part of the
valley which lies in New Jersey is about forty miles, and its width is
from ten to thirteen. The western border of the Kittatinny valley
is distinct on the accompanying relief map, but the eastern border is
less clearly defined.

The altitude of the western margin of the Kittatinny valley, where
it abuts against the base of the Kittatinny mountain, is from 900 to
1,000 feet, and about 600 feet below the crest of the range. The
altitude of the eastern margin of the valley is 400 to 600 feet, and
likewise about 600 feet below the orest of the uplands forming its
eastern margin, The definition of the valley on the east is much
less sharp than on the west.

Within the Kittatinny valley thus outlined, there are two notable
elevations. These are the Pochuck mountain in its northern portion,
1,100 to 1,200 feet high, and the Jenny Jump and Mohepinoke
mountains on the south, something more than 1,100 feet high. The
great Kittatinny valley, therefore, is a broad depression, about 600
feet below its lateral boundaries, with a notable massive elevation in
either end. The relations of the valley to the mountain on the west
and the Highlands on the east are shown in Figs. 1 and 2, Plate II,,
p. 16.

Even apart from the Pochuck, Jenny Jump and Mohepinoke
mountains, the bottom of the valley is by no means flat. It does not
oorrespond to the conventioual idea of a river valley, and, indeed, it is
not a river valley in the simple sense of the term. Through it flow
several streams, separated by divides, which, though they seem low in
this mountainous region, are yet mnch higher than the divides between
streams in some other parts of the State. Within the main Kittatinny
valley there are two principal sub-valleys, parallel with each other,
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-and with the axis of the main depression. Tributaries to these sub-
valleys have been developed to such an extent that the floor of the
.great trough has been thoronghly dissected into a series of hills and
valleys, and hes a notably undulating topography. The sub-valleys
in the bottom of the great valley lie 200 to 300 feet below the divides
which separate them, and the divides have an altitude ranging from
700 to 900 feet.

The westernmost of the two principal sub-valleys is ooccupied by the
Paalins kill, lowing southwest, and the Papakating creek, and the
lower part of Wallkill river, flowing northeast. The highest point
‘in this sub-valley is not far from Branchville, at the divide between
the Paulins kill and the Papakating oreek, and is 501 feet above vea-
Jevel. This sub-valley lies along the northwestern side of the great
valley, while the other lies nearer its eastern limit, and is ocoupied by
the Pequest river in its southern portion and by the Wallkill river
.and Pochuck creek in its northern, The Lehigh and Hudsen River
railway occupies this sub-valley thronghout its course from the New
York line to Belvidere. Its highest point, 600 feet above the sea, is
-at Mulford Station.

In some parts of the Kittatinny valley, especially to the south, these
two sub-valleys are not notably distinot, while to the north, between
Franklin Furnace and Deckertown, the Wallkill orosses from the one
‘to the other. The hills and ridges separating these sub-valleys are
mostly of slate or shale, and almost everywhere show a disposition to
arrange themselves in lines, the trend of which corresponds with that
of the mountain range to the northwest. This trend is sometimes lost,
-especially in the southern part of the Kittatinny valley.

The dependence of topography upon rock struoture is hardly less
-distinet in the Kittatinny valley than in the region to the west. The
sub-valleys in the great valley are, for the most part, on limestone.
This is true of the valley of the Paulins kill in the western sub-
valley, and of the Pequest- Pochuck system on the eastern side. It is
over an area of limestone, too, that the Wallkill crosses from the
eastern to the western sub-valley. The limestone is a less resistant
rock than the shale, and the position of the sub-valleys on the former,
and of the divides on the latter, appears to have been determined by
this fact.
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EXPLANATION OF PLATE Il

PFig. 1.

Profile from Milford, on the Delaware, to the Hudson, along & line essentially parallel to the
north line of the 8tate, showing the relation of the mountain crests and valleys. The dotted
line represents the approximate surface of the Kittatinny base-level, or 8chooley peneplain,
Lm==limestone. The oblique liues do not indicate structure.

Fig. 2.

Profile from the Delaware, in latitude ¢1° ¢, to New York bay, showing the geological struno-
ture (Cook) of the north part of the State, in addition to the topography. The dotted line rep-
resents the approximate surface of the Kittatinny base-level, or Schooley peneplain. Lm =1ime-
stone: 8 — shale; Cg --conglomerate.

Fig. 8.

Profile from Shawnee island, in the Delaware river, to Staten Island, showing the same fea-
tures as Fig. 1, along this line. The oblique lines do not Indicate structure.

Fig. 4.
Profile from near Phillipsburgh, on the Delaware, to 8ea Girt, on the Atlantic coast. The
abbreviations and the dotted llnes have the same meauing as above.
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