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'GEOLOGY OF PASSAIC COUNTY IN BRIEF

Jopography . .. °

" Passaic County lies within two physlographic provinces. Areas fb‘fhé
northwest ‘of Pompton Lakes are within the New Jérsey“ﬂsgﬁlands section ‘of
* the New England Physiographic Province. Areas to the southeast of Pdmﬁ?bn
Lakes are within the Pfedmont Province. ’ :

The Highlands section of Passaic County (see Phys¥§graphic:Prbvinces
of New Jersey) Pncludes ridges underlaln by Precambrlian gnelsses, granites,
. and marbles, and valleys underlaln by Paieozoic Iimesfdneé,'sahd§+oﬁés; and
slates. The PreCambrian-rocké'éfe‘ﬁélafively"resisfah+€f6'eroSIoh and,
therefore, form a rugged Topdgréphy;' . |

" The Piedmont portion ‘of Passalc County is undertain by volcanic and
sedimentary rocks of Mesozoic age.  Ridges (for example, Garret ahd Hook
~ Mountains) conslst of resistant basalt formed from cooled volcanic lava.
The lowlands are underlaln by easlly eroded red sandstones and ‘shajes. The
erosion of these tilted layefs 6t alternately resistant and easily eroded
rock is responsible for the distinct ridge and ‘valley ‘topography.

Within the Highlands area, the elevation of ridges averagés.abouf
1,100 feat’ ~In the Pletimont; ‘ridges averdge about 500 feet in efevation.
The highest point In *he-éoun+y, Bearfort Modntaln, has ‘an elevation of :
1,490 féet.  In the Hfghland% the elevations of vafléys rangé from 800 to
300 feet above sea level. ' In +hekPiédmoh+'véileyffloors-are &t elevations
of about 150 feet upstream from the Great Falls of the Passaic;Rfvgr. Be-

low the Great Falls, the valleys have an average elevation of Sbbqt.50 feet.

Geologic History

Precambrian Era

- Most of the Precambrian rock of Passalc County was once sediment  (sand,



mud, or lime). A small pfopof#i&n @as-fSrMéd frdm'fgneous materfals (moiten

rock which cooled beneath the earth's surface as Intrusive magma or erupted
from a_yplcéni;Ayent'as lava, Mefamorph{sm {physical and chemica! change)
was cayseq by heating and compreésion that occurred over. a Iﬁng period;ofr
time. Limestones became marbles. Sands, muds,.aqd.igneous;maTeriais were
éhanged to a variety of hard, coarseiy granular focks known as gnelsses. -
) Metamorph{sm took p[ace_approx!mafeiy 840 million years ago. This has been
idefgrmjneq“by_fhe_catio of radioactive minerals to their decay products
(radiometric dafing). |

On the Geologic Map of New Jersey‘#40,'scale 1:250,000, the Precamb-
- rian of the Highlands is divided into the Byram, Losee, and Pochuck
gnefsses_and the Frankiin marble. The jdgnf&flcaffoq of the Frankiin mar-
.ﬁle.Is_stlll retained ﬁuf more modérnAmapping of the gneisses is based on
the minerai composi+fon df‘fhe ;pec{fic gnéisses, thus making the Terﬁs
_ Byram, Losee,mand PochUck_Qbso#efe. For details éf The type of gneisses :
to be found in the Highlands one should refer to the mi le-fo-the~inch
gedlogicroverlays available_frbm.fhe New';ersey_Bureau of Geology and
Topogréphy. _ . | . ; | . . . .

Fqss!ls have not pgen reporjgd jnaRassaIc Cognfy; althoqgh‘nrimjtjve'
forms of ]jfe_exisfed duﬁ{ngfhe_ﬁregambr}qﬁ Era. Graphite, a mineral com-
p&sed of carbon, has been.found {n New Jérsey marblés énd gneisses and Is

Vhbelieved_fo be a remnant of hydrocarbons produced by early forms of life.

Paleozolc Era
The eafly'Paiebzoic forma*lons described below aré represented in.
Passalc County by only a smatl number of oufcroppiﬁgs whlch occur In a
.Iine from Greenwood Lake to Macopin Lake., The description of these rocks,

which are beffer_exposed in_fhe Kttfafinny Valley to the northwes+, Is
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given below in order to outline the events which preceded the deposition
‘of the more . extensive middle-Paleozolc rock formafioné-whieh*éppear'inﬁ

folded in the Green Pond Valley.

Cambrian_and Ordovician Periods

The oldest Paleozolic rocks lﬁ New .Jersey are quartzite ard conglomer-
ate of the Hardyston Formation of the early‘parf of the Cambrian:Period.
These materiais were eroded from Precambrian rocks and were‘roundéd by’
streams and on beaches. -

Fosslls are rare, but trilobite fragments and worm tubes have been
found in the Hardyston Formation.

"~ During the Iaffer,périrof the Cambrlian and the beginning of the Ordo-
viclan Pérlods, warm éhallow seas covered much of eastern North . America.
Tropical: and subtropicatl shaliow marine condiTidns permitted the deposi-
xwflon_and accumulation of ¢arbonate minerals.

In New Jersey, thicknesses as great-as 5,000“feef (1,500 meters). of
calcium ahd-magnesium carbonate make up the series of formations known as
the Kittatinny Group. -There are abundant algal remains but few anfﬁal
fossils. in the Kittatinny,  Mone have been found in‘'Passaic County.

Fossil-bearing timestones known as the Jacksonéurg Formation overlie
the Kittatinny carbonates in most of New Jersey.- In Passalc:County, these
 imestones were removed-during a period of uplift and erosion which oc~
curred within the Ordovician Period, -

The Martinsburg Formation was -deposited on the erosion surface dével-
oped on the Kittatinny Group and consists of shales, sraTes,‘aﬁd thin
sandstones. Few fossils have been found In the Martinsburg in Passaic -
County. Brachlopods (blam—iike animals) wére found during the construc-
tion of the Oak Ridge ‘Reservoir and prove that deposition occurred in a

marine environment.



Silurlan and Devonian Periods -

Mounfain'bullding:evenfs are known +6-geoibgis+5'as orogenles 1f fﬁey
are major and widespread and as disturbances if they are minor and local.
From the end of the Ordovician Period into +he'begtnn1ng of'fhe-siluﬁién
Perlod mountain bullding took place atong much of the eastern United |
- States durihg‘whaf is known as the Taconic Orogeny. Sands and gravels B
-were eroded by mouhfaiﬁ streams and carried across Passaic County from
+he ancient highlands. These have become rock and are the sandstones.

and conglomerates of the Green -Pond Formation.

The Green Pond Formation is a ridge-forming conglomerate and under-
|ies Kanouse Mountain, Green Pond Mountain, and Copperas Mountain, Large
pebblies and easily decomposed minerals indicate that deposiTion was Tmmedi-
afelyradjacenT to the sourcé of this material, since such materials are
quickly destroyed as fhey'are rolled and sltid élong stream beds. Accordlng
to geo!bgrsfs, the ancient highiands lay to fhe.éasf-becausérfhere Is an
increase in sl;e and abundance of pebbles and easily decomposed minerals '
from the west to the east. As erosion of the mountainous are to the east
continued, the velocity of the streams and their ability o move peb61es‘
ahd'cobb!és was reduced - This résulted In réss and less deposition of
conglomerates and mofe:sandstone and shale.

The end of the Siluhian'Period'ahd the beginning of the Devonian

~ Period Is characterized by.a sequence of formafibns'déposi+ed'ih shaillow
1mar1ne and nearshore marine environments. Among the rock types present
are shaleé, | imestones, sandstones, silitstones, and”éohgiomerafés.f'Bryq;
zoaris (moss animals), brachlopods, crinotd (sea II[IeSj, and worm trails
 have been found in the Devonian formatlons.

During Mfddle Devonian time, the Acadian-Disfurbanée;'charac+erized

by uplift of mountains to the east, caused the renewed deposition of con-
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giomerates. These Middle Devonian conglomerates are within.the Skunnemunk
Formation. The Skunnemunk Formation underiies Bearfort Mountain In New
Jersey‘and Skunnemunk Mountain in New York,~.Up!Iff of mountains during the
Acadlan Disturbance was gradual. As the mountalns grew higher and more
rugged, the speed of streams Increésed and larger slze material could be
carried. - As a result, pebbles. are more common near the top of the Skunne-
munk Formation .than near the bottom.

There are no rocks of Mississipplan, Penhsy}vanian,_and Permian age In
New Jersey. It is, therefore, impossible to decipher the spéc!fic events
of fhose 125 milllon years, | -

WIfhin Passalic Counfy *here are several good exposures of folded |a+e
Paieozo{c sedimenfs. Deformafion of these lnifialiy f%af—iayered deposi?s
took place during ei*har the Acadlan Dls+urbance or Iafer, during the
Appalachian Orogeny,‘a major mountain buildlng eplsode at The close of the
Paleozoic era. . - ‘ o |

Mésbzoié Eré

The 50ufhern hal f of Passaic Counfy is underlaln by sedtmenfs depos-
ifed in a Mesozoic valley known as the Newark-GeTfysburg Basin. The basin
extends from soufhern New York Into Pennsylvania.‘ The fofal Thlckness of
 Mesozolc rocks deposifed ln +he basfn exceeds 5 000 fee? (I 500 mefers)
During this era, there was volcanic activity represented by Garrett Moun-
taln, High Mountain, and Hook Mountaln.. These three rldges are ex*englons
of the Wafchung Mountalns and record three major periods of eruption during
which lava spread across much of.central New Jersey. These lavas are fa-
mous for their zeolites, amythyst, calcite, and related minerals deposited
-in cavities formed-by expansion of steam when the rock was still molten,
An excellent collection of specimens from Passaic County is on display. at

the Paterson Museum.



. Sedimentary rocks underitie the valleys between the basaltic ridges
and were formed by +he sands, ‘graveéls, and clays that washed In from.a -
highiand area to the west. Broad, shaltow lakes occupied the bottom of
the valley. ‘Many of the sediments are red because they: were stained by -
smal b amounts of .iron oxide.

Fossil-fish, crustaceans, reptile bones, dinosaur tracks, and ptanfs
have been found in New Jersey's Mesozoic sediments. Dinosaur tracks from

. Passalc County are on exhiblit at the Paterson Museum. .

Cenozoic Era

During the early part of the Cenozolc Era fhéfé'was a pro+ﬁac+éd.pé4
 riod of erosion. By +he end of the MIocene Per:od (i3 m:llion years ago)
the Iand had become almos+ a f|a+ plain (or geneglain). Uptifting Then'
caused erosion of fhe soffer rocks and formed valleys. The'more resis+a6+
rocks were Iiffle affecfed by erosion and remafned as ridges. The Tops of
these ridges define a flat surface known as the Schooley Peneplarn. The
-penepialn is a remnan+ of The MIocene erosion surface. In Passafc Counfy
+he eievaflon of fhis surface varies from abou? 600 feef (200 me+ers)
Aabove sea !evel in fhe soufheasf where uplif+ was. leas+ +o I 400 feef (427

mefers) In The norfhwesf where upliff was greafesf

The: Ice Age
© - Major glac!ers'advanced-into the northern United Sfateslaf least four
. times dufiqg'fhe tast 20 miltlon years., The latest advance. was the Wiscon-
. sfn Glac?atlon. 1t extended completely across Passaic Counfy;andfoblifef—
.afed"?he'evidGQCQ'of'previous glaéfa+jons. |

“The g]aciers loosened soit-and rock from the surface of Passaic_Counfy
énd carried the maferial elsewhere. ' The sand and stones. embedded in the

base of the moving glaciers scoured and polished the bedrock surfaces.



Polished bedrock surfaces ‘are well exposed In GarreTTIMoun+ain'Reserva+ion.

-Deposition of materials eroded by the glaciers occurred primarily. to
the south of the county, forming the terminal .moraine (a=ridge.of hetero-
geneously.mlxed.sand, clay, and stones) which marks the southernmost |imit
- of The-lce advance. Recessional moraines- (ridges formed during retreat.
of the glacier) and ground moraines (material deposited from.the base of
the moving glacler) are found 1n Passaic Colunty. They are made-of'he?ero-
geneous mixtures of sand, clay, and stones. Meltwater streams reworked
+he sediments and removed silt ahd clay. "Clean sand and gravel deposited
by these streams Is referred to as stratifled drift and is commdnfrn-
larger va!ley;_wi?hin Passaic County.

Silt and clay were deposited in numerous glacial lakes., These {akes
were formed when northward flowing streams were blocked by southward moving
fce, by meltwaters ponded behind moraines, or by flooding of depressions ex-
cavated in the bare rock by the moving ice. Large glacial lakes reached the
borders of Passaic County, but covered very littie of Its area. Lake Pas-
saic, ponded behind.fhe Watchung Mountains, covered in excess of 150 square
miies, centered in the Great Swamp, Hatfield Swamp, and Great Piece Meadows
areas of Morrls and Essex Countlies. Lake Hackensack covered in excess of
50 squafe miles, centered in the Hackensack Meadowlands and the lower
Hackensack and Passaic Valleys. Numerous smaller lakes exfsféd in depres-
sions left by the meiting fce in Passaic County. These have become filleﬁ
with silt and piant debris and are now marshy lowiand areas.

Origin of the Great Falls
of the Passaic River

The Great Falls of the Passaic River originated in a manner similar to
Niagara Falls by the undermining of a layer of hard rock by erosion of an

underlying layer of softer rock. In the case of the Great Falls, turbulent,



sediment-charged water eroded soft sandstone,. leaving the overlying hard,
basaltic rock which forms the First Watchung.rldge pfojec+ing without §up-
port.  The presen¥ gorge: leading-to the Great Falls is the result of col-
: rapseé- and erosion along-weak rock zones because of closely spaced Joints.
Erosion‘a¢.+hejbase"of +he falls is now wearing away weakened basa!f-ra+her
than sandstone.” | _
‘Little Falis, a short distance ups+ream,.marks fhé point where The
Passalec Rlver crosses fhe_basalf of The'Second Wa+Chung Mountain. The
levei of the base of Ll?f}e.Falls cannot-be eroded below Thé crest of the-
Greaf Falis. Thus, the Great Falls establishes a temporary base. level of

erosion.
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+ - MINERAL PRODUCT!ONC%N'PHSSAIC COUNTY: : .~

Mlneral produc?ion has béén ;n imp§r+3n1 f;cfoé lﬁ.fhe economf of
Passalc Counfy since +he es?abllshmenf of iron mtning af Ringwood ‘before
the 1740's and at numerous ofher Ioca+Ions in the northern portion of the
county shortly thereafter. The ore was primar!ily magnetite from Pfécam-
brlan rock, with minor production of hematite and goethite from Paleozoic
{ imestones as well. Prior to the development of canals and rallroads,
most of the ore was smelféd tocaltly, Charcoal was used as a fuel. Lo-
cally quarried |imestone or marble was used as a flux,

Iron mining continued as an important aéfivl+y through the nineteenth
century, but dec!ined early in the twentieth century. The last active iron
mine in Passaic County, at Ringwood, closed in the early 1950's,

in addition to irén mining, the production of time, building stone,
trap rock, sand, and grave! have contributed to the position of Passaic
County as one of the Iead!ng mineral production areés of the state.

-Lime, used as a soil conditioner and in cémenf, has been produced from
Precambrian marbles and Paleozoic !imestones.

Bullding stone has been quarried at numerous locations. Brownstone
comes from Little ?a!ls, Paterson, and Passalc. Granite comes from several
quarries near Pompton.

Many older buitdings of northern New Jersey and New York are built
with stone from these -quarries. Within Passaic County, brownstone from
Paterson may be seen at Lambert Castle in the Garret Mountain Reservation.
Pompton granite may be seen at Saint Paul's Church, Paterson.

Trap rock (a quarryman's term for basalt and diabase} has been the
leading minerai product during most of the present century. The value of

trap rock produced each year in Passaic County has been between 5 million



gravel-sized pieces for use in construction and road surfacing.

Sand,;gravel, and clay are produced_frém.glaciat and river deposits.

P
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GEOLOGIC TIME SCALE

Geologlc fime InTervalsrare unequal subdiv;slons of *he ear+h's history-
corresponding To earfh's geelogic even?s. Eras are—fhe IongesT divis$ons«of
Tlme and contaln many periods which are furfher subdivnded ‘into epochs. For=-
maTions, which are’ mappable unufs of- rock or sed;eenfs. usually have !Ifhol-
’ogy or characferlsfic dlsflncfions and are assigned fo fhaf period or epoch
during whlch fhey are formed. -

A formafion s place wl?hin fhe s?ra?ugraphic column is defermined by
the predominan+ ferm of Iife preserved as. fossils wlfhsn +he rocks or sedi-
- ments. If fossils are lacking, a formafion S Iocafion in the fnme scale
may be’ defermined by 1ts relaflonshlp fo previousiy dated unufs. Only rec-
en?ly have geologlsfs been able to place an absolufe da*e on fhese relafive
fime units by radioactive mefhods. _ | ) |

The~geologic column Is  used. ?hroughou* The world, although some re- .
gional modifications may be used for greafer clariTv. T

in the accompanylng sfrafigraphic column, +he rock type given after
the name Is fhe mosf common variefy found in the counfy. There may be

i

varlaflon of Iifhologv wafﬁln +he formafien from place To place..



GEOLOGIC TIME SCALE OF PASSAIC COUNTY

No. of
: Formation or Rock Militon
Era . Period (approx. Thickness) Years Ago
. Recent Soll and Atfuvium
Quarternary 3 0-!
- Plelstocene Glaclal Drift
CENOZOIC 0-460 ¥+.(0-150 m.)
Tertiary Not present in county [-70
Cretaceous Not present In county . 70=-135
o Jurassic Not present in state 135-180
MESQZO!IC )
_ Brunswick Formation .
Triassic 6000~-8000 f+.(2000-2700 m.) 180-225
Basalt (lava flows) .
Permian Not present In state 225-270
Pennsyivanian ' E o ‘
Carbonlferous "~ Not present In state 270-350
Mississippian
Bellvale Sandstone '
1500-2000 f+.(500-700 m.)
Pequanac Shale -
Devonian 1000 f+.(350 m.) 350-400
Kanouse Sandstone
215 #+.(75 m.)
PALEOZOIC Decker Formation
50 f+.(20 m.)
Longwood Shale
Stiurlan 200 f+.(20 m.) - 400-440
Green Pond Congiomerate
1200 £+.(400 m.)}
Ordovician Martinsburg Formh+!oﬁ '
3000 £+.(1000 m.} 440-500
*Cambro~ Kittatinny Dolomite
Ordoviclan 5000 f+.(1700 m.)
Cambrian Hardyston Quartzite 500600
100 f+.(30 m.)
_PRECAMBRIAN Assorted gnelss and schist ? 600+

*Dashed |ines Indicate formetion was deposited In two time periods.








