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Geology of Bergen County in Brief

Topoaraphy

Bergen County {ies within two physiographic provincés} the Piledmont
Province and the Highlands Province. The Piedmont Province tn‘New Jersey
is a rolf!ng plain underlain by soft shale and sandstone interrupted to
the east by fhe.Palisades igneous sitl, and to the west near Franklin |
Lakes by the basaltic First and Second Watchung Mountains. The Watchungs -
are approximately 750 feet above sea level near Franklin Lakes. in Bergen
County, the Palisades range in_heighf from 150 feet at Cliffside Park to a
high of 550 f;ef above sea level at Closter.

The general level of the plain and crests of the ridges gently
slopes toward the southeast. North of Paterson and Hackensack the plain
fs approximatety 300 feet above sea leve! and along the lower course of
.*he Hackensack River It dips below sea level. Sbufh of Englewood, extend-
ing into the southern portion of Bergen County, where the plain is below
sea level, large areas are covered by Tida[ marshes which are a part of -
Tﬁe-Hackensack Meadows. | )

The New Jersey Highlands are a portion of the Reading Prong of the
New Engtand Physiographic Province. The Highlands consist of a series
of ridges, one of which Is located in the northwestern part of the county
énd Is called Ramapo Mountain. The mountains are composed of hard, crys-
?aliiﬁe, resistant Precambrian igneous and metamorphic rocks. The high-

est etevation of the county is found iIn this fggion at Baid Moun?ain;

1164 feet above sea level.



Geologic History

Proterozoic Era

Precambrian Period ~ In Bergen County, +he.ear|ies+ geologle event,
for which there Is evidence preserved in rock, is the depasition of
*hdusands of feet of sediments. After deep buriail, TheQe rocks ware sub-
jected to folding, faulting, and compression coupled with Inc;éased heat
and pressure metamorphosing the rocks. Molten igneous rock then intruded
the metamorphosed sedimentary rock, causing further alteration. These al-
terations formed metamorphic gneiss, a coarsely grained rock In which
light and dark colored bands can be distinguished. Many varieties of
gneiss were formed but they are not separated by name in this report.

Besides forming the Highiands the Precambrian rocks are the “basement® on

which the Piedmont Ftain sediments have been deposited.

Mesozolic Era

Following Precambrian Time,rfhe next period from which there is ev-
Idence is the Triassic. Therefore, we are missing evidence of the entire
Paleozoic Era and the Jurassic Period in the county. During the Paleozoic
there was depoé{flon'buf only erosional fragments are found in Triassic
sediments. Paleozoic rocks probably also make up ; porTionﬂof"The “base-
ment" on which Triassic sediments were deposited.

Because no rocks'frqm Paleozoic time are found In Bergen County, the
specific events in the Iocé! geologic history cannot be deciphered com-
pletely. Evidence found beyond the borders of the county must be used in
reconstructing the geclogic history during Péleozoic times.
| During the Jurassic a peneplain was gradually formed. A peneplain
is a neafiy featureless pléin developed by erosion of a more rbgged ter-

rain.
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Triassic Perlod

in the latter parf of Triassic Period a widespread earth movement
affected Bergen County. During thls orogeny, the Highlands as a whole
were uplifted, while the areas to the east of the Highlands were retfa-
f!vey dqpressed. Following this uplift, a series of diséonfinuous inter-
montane basins were formed from Nova Scotia to North Carol!na.1 The pres-
ent Piedmont reglion of New Jersey formed the northern end of one of these
basins and extended from southeastern New York to New Jeréey, southwest
across Pennsylvania and Maryland into Virginia. Because of the character-
Istic red color and general absence of organic matter of the sediments,
the depositional environment is Interpreted to have been an arid climate
with seasonal torrential rains. Debris was carried from the higher areas
and spread in broad alluvial fans over the adjacent plains. The sediments
deposited during fhis.fime have been referred to as the Newark Group.

The first formation to be deposited was the Stockton Formation, a

light colored arkosic sands+one.and cong%omeraTe.wifh interbedded red

sandstone and shaie. The composition and size of the material Indicate

rapid stream erosion In the mountains, and rapid denosition as iayers
across the basin. )

Deposition of the Brunswick Formation followed the Stockton Forma-
tion. The Brunswick Formation is usually a ﬁoff red shale with some
Interbedded sandstone, but in Bergen Cdun+y It 1s mostiy a coarse~grained
sandstone with some conglomerate.

Adjacent to the Ramapos, beds of Triassic border conglomerate and
pebble bearing sandstone are found replacing the Brﬁnswick Formation énd

interfingering with the finer grained sandstone. Fan-1ike accumulations

were formed by sediment laden streams flowing at high vetocities where



they debouched upon & ‘low plain. Exposures of this material can be seen
near Oakland. There Is an absence .of gnelssic material in the conglomer-
ate which might be expected in an alluvial fan so close to the gneissic
outcrops of the Highlands. This indicates that Paleozolic sediments cov-
ered the Highlands gneiss during the time of erosion an& deposition of
Newark sediments. |

Associated with the Triassic sediments are two types of igneous réck,
basait and diabase, which are commonly known as traprock. Basalt is a
hard, fine grained, dense. textured, extrusive igneous rock which is formed
by the solidification of lava flows., There Is a record of three or more
pericds of volcanic activity when lava was spread widely over the area.
The'boffqm of the lava flows cooled quickly and, as a result, the rock is
fine grained and dense while at the top of the flow it is porous and
spongy due to escaping bubbles of steam and other gases as the lava
cooled and solidified. Since the rock is more resistant to erosion than
VThe'sandsfone and shale, it was not worn dan as fast as the surrounding
rock. It therefore forms the higher ridges of the Watchung Mountains,

Diabase, the chemical and mineralogical equivalent of basalt, is
coarser grained and, as a sitl, has é salt and pepper look because the
crystais are bigger, resulting from slower cooling deep beneath the land
surface of Triassic times.

Because the Palisades diabase 1s intrusive rather than exfrusiVe,
Thgre are features present which are.ﬁof found in the Watchungs. The
magma was injected paraile! to the bedding of the Tfiassic sedimentary
strata, forming an igneous body cafled a sill. The réck near the +o§
and bottom contacts of the sill are of a glassy texture which formed when
the hot magmatic matertal came in contact with fhe cooler sides; solidifi-

cation took place so quickly that crystals could not develop.



The Palisades diabase sili s approximately 1000 feet thick and Is
well exposed near +he_George‘ﬂashingionwﬂr+dge\lQ”%grgen"Cbunfy. The |
intruding rock "baked" The.sedtﬁenfary strata abové and below producing
a rock known as hornfel!s, The resemblance of the cliff jo a defensive
walt of logs called a palisade 1s a result of columnar Joinf?n? (vertical
partings) formed by shrinkage of the rock during cooling.

| Due to ‘the siow cooling conditions within the main mass of the sill
a process called gravitationat settling was able to occur. As the magma
cooled, crystatlization bégan with heavy minerals of magnetite and
chromite first sinking to the bottom, then followed by the minerat oli-
vine, 'Gradualiy, there was an upward concenTraffon of water and other
'vola?ilés as the liquid phase in the tast stages of cooling of the magma
was displaced to the top by the sinking crystals. Pegmatites crysfél-
Ifzéd from the liquid phase of the met+ and are therefore found near the
top of the sili. The main minerals found in the sill are olivine, plagi-
oclase feldspar, and pyroxene with mlnorramounfs of magnetite, chromlte,
biotite, hornblende and apatite. Some other results of the settiing
process are:

1) In the siti, olivine accumulated in sufficient quantity-to
form an olivige layer, |5 feet thick, 30 to 60 feet from
*he base of the siil.

2) The gfain stze of the rock coarsens from the bottom upward -
reflecffng the concentration of water and volatiles of the
fiquid phase of the magme as it was gradually displaced up-
ward by sfnking crystais.

3) The specific gravity of the whole rock increases downward

because the heavier crystals settled out first.



At the close of the Trlassic, movement along a serles of norfheésf—
southwest fractures broughT the deposition to a close., The fractures di-
vided the earth's crust Into a succession of long and narrow blocks which
were tilted to the northwest. Subsequent erosion has legeled the blocks
and etched out the Palisades and the Watchungs. 1

Because of the arid climate prevalling during red bed deposition,
plants are not plentiful but can be found In the darker gray beds formed
under more favorable conditions during the wetter, but sfi]t semi-arid,
cycles of the Triassic climate. Vertebrates were evolving rapidly and
much evidence can be found for their existence. lnrlglo, a fossll phyto-
saur, Rutiodon (2 carnivorous armour covgred reptile), was found at the
bottom of the Palisades in the Stockton Formation at Fort Lee. Very few
tinds have been made in Bergen Counfy,_+h6ugh dinosaur tracks probably
are abundant but have not been discovered because rock surfaces are _
rarely exposed in an area which is éo densely populated. Fish and small

shells are found in the Triassic lake bed deposits but as yet none have

been found in Bergen County.

Quaternary Period

Pleistocens Epoch - During the Pleistocene Epoch four main=§lacial
‘ages and +hree interglacial ages covéred parts of the world. Three gia~
clal advances reached New Jersey.' tn the last glacial stage, the Wiscon--
sin, lce advancing from the north and northwesterty direction, covered
ail-of Bergen County, depositing an unsorted mixture of boulders, pebbles,
sand and ciay, called titl. Stratified drift, composed of layered and
sorted sand, gravel, and sl!t, was deposited by streams fed by water from
the melting glaciers. |

Low steep sided hills of stratified drift called kames and eskers are



scattered throughout Bergen County. Kames are terraces or flaf-fopped
hitls formed when the glacler melts and leaves patches of sediment which
fill former crevasses and holes In the ice or are lald down by sfreams
flowing along the lce margin, Eskers are long winding ridges formed by
streams that flowed In tunnels beneath the ice or along crevasses pre-
sumably after the ice became almost stagnant..

Prior to Invasion of the Ice the topography was not as even as It
is today. Gradually, low areas were covered by glacial deposits as can
be seen in the banks of the Hackensack and Passalc Rivers which are
filled with glacial debrls.

Other chgracferlsf!c effects of glaciers are evident. Striations
and grooves of various sizes are found on the top of the Pallsades where
the outcrops are flat. These marks were gouged into fhé bédrcck by rock
debris being carried in the Tce on the bottom of the glacier.

One of the most visiblé remnants of the glacler, a large glaclal er-
ra+ic, is found in Glen Rock. An erratic is a boulder transported by lce
and fesflng on bedrock of different composition than that of the errafic;
The boulder at this location is composed of gneiss resting on the Bruns-
wick Forma*ion and was probably carrled from the Highlands approximately
ten o fwenty miles to the north. The boulder in Glen Rock“is the largest
erratic found on the Triassic area and one of fhé largest in the State,
measuring 42 x 22 x 1l feet,

The Hackensack Meadows are an interesting problem to geologists. In
some piaces up to 250 feet of glacial debris are found above bedrock.A
Most of this material consists of varved clay, indicating a fake once ex-
isted in the meadow dufing glacial times. Ilce blocked the cutlets of +he.
streams and rivers causing a dam to be formed. When the Ice melted, the

- lake graduaily emptled, Ieavihg behind the glacial deposlits.

~7-



Mineral Production and History
One of the earliest mines iIn North America, known as the Arithg+on
or Schuyler Copper Mine, was discovered in 172 or 1713 in Bergen County.

The legendary sfory is that one of Schuyler's slaves uncovered a heavy

green colored rock which he brought to his master. Schuyler sent It to

England for analysis and It was found to contain 807 copper. The slave,

according to the story, was granted his freedom and three wishes, which,

after much deliberation were: 1) always to live with his master;, Z) to

get a dressing gown llke his master's, and 3) Yo have all the tobacco he
could usé. ‘

Early vield of the mine was apprbxlmafely IOO tons of ore a year.
The diggings were manned by Schuyler's staves, who were poor and unwiltiing

miners, and It was not until 1754 that skilled Welsh and Cornish miners

were imported. Substantial profits were made during the eighteenth cen-

fury and the Schuyler home became.a social center of the middle colonies
during the Revolution. The mine Is also important for using the first
steam engine in North America to pump out excess water. Schuyler ordered
It In 1748 and I+ arrived secretly in 1754, for the British forbade expor-
tation of material ﬁhlch could compete with the Mother Country.

The full extent of the underground passages is considerable. Approx-
imately 75 acres of property are honeycbmbed by undergfound ;orkings. it
was reported In 1900 that "the dlmens!ons of the mine chambers are indeed
tremendous; one especially is 75 feet wide with a length of 300 feet and
varies 12 to 30 feet in height."

Except for some mushrooms which were raised in an old tunnel about
1940, the mine has produced nothing of value since the Civil War. Al

openings have been sealed for many years and today there is nothing to be

seen of an important colonial mine.



The copper ore at the mine is found in two sandstone lavers that 0verlfe:
a disbase sitt. At one time sclutions containing cdnber parcolated upward
through the diabase into the sandstone, flfling between the qrains with copper
minerals. The principe! copper mineral found is cha[oclfef In small veins which
.do not run for more than a few feet. The useable pockets are fo? meager
and widely dispersed to warrant the effort necessary to extract them.

Ancther natural resource is building stone, which was very important In
the nineteenth century. At ons time i+ was quarried in Bergen County at Alpine,
Closter and Enalewood from the Stockton sandstone formation. The stone Is
usually ltight colored, from white to buff to pink and occasionally deep red.
Operations in sohe auarries cohflnued into the 1940's but have since been
dormant.

Clay is dug near Moonachie for making building brick, The clay Is
darived from glacial debris of sand and qravel, which has a considerable amount
of rock fiour, This material, which Is used for brick, Is extremely fine
grained and was the last material +o be deposited by the streams. Under
favorable conditlons i1 was deposlfed in lakes, near the edge of the ice or
in estuarles.

The most valuable economic commodity in Bergen County today is sand
and gravel. This materia! !s worked near Wyckoff, Mahwah and Ramsey and is
washed and sorted for use as construction sand and gravel. The sand and gravel

deposits occur as stratifiec kames and kame terraces.
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GEOLOGIC TIME SCALE

Formation or Rock Type Approx. no. of
Era Perlods Epochs (approx. thickness) miflion years aqo
Quaternary Recent Sott and Altuvium 0-1
' Pleistocene Glacial Drift (0-460 ft.)
CENOZOIC
{recent Pliocene ‘
- life) Miocene
Tertiary Cligocene Not present in county ' 1-70
Eocene
Paleocene
Cretaceous Not present In county ’ 70-135
Jurassic . Not present in state 135-180
MESQZOIC
{middle ‘ . Diabase (intrusive}
life) _ ' Basalt (flows and dikes)
Triassic _ Lockatona Formation (not present
- in county)
Brunswick Formation(6000-8000 ft.)}
Stockton Formation (2300-3100 ft,}
Permian Not present In state 225-270
Pennsyivania Not present in state 270-285
o Mississipplian Not present in state oo
PALEQZOIC Devonian Not present in county 285--400
(ancient Stturian Not presant in county 400-440
fife) Ordoviclan - Not present in county - 440-500
Camhrian Not present in county 500-600
PROTEROZOIC Precambrian Assorted gneiss (? t,) &00-2100+

Geologic time Intervals are uneaual subdivisions of the earth's

historv corresponding to definite geclogic events. Eras are the farqest
divisions of time and contain many periods, which are further subdivided

into epochs. Formetions, mappable rock units, are placed within the period
during which they were formed. A formations's place within the stratiaraphic
column s determined hy the predominant forms of life preserved within the
rocks, distinctive litholoay, and its relationship to previous!y dated units.
Only recently have geoloaists been able to place an absclute date on these

. relative time units by radioactive methods.

The geologic column is used throughout the world, although some local
or regional modifications are sometimes used for qreater clarity.









