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- GEOLOGY OF WARREN COUNTY. IN BRIEF

Topcgraphy

A physiographic province is.a subdivision of the eérth‘s surface based
upon topographic similarity due to-a unified climate, geologic history and ..
structure. Warren county lies within parts of two such provinces: the
Appalachian Valley and Ridge Province and the New Jersey Highlands. .

" The southern portion of Warren County from a lins comnecting Harmony
and Allamuchy Townships southeastward, lies within the Highlands. . The New
Jersey Highlands are part of the Reading Prong of the New England Province.. .
It is composed of a series of'ridges formed when blocks of Precambrian gneiss
‘were thrown-upward. The erosional resistance of the gneiss causes them to
form prominent ridges with great relief, in some areas exceeding 1,000 féet;

The Appalachian Valley .and Ridge Province, underlain with Paleozoié
sedimentary_rOCR forms the Kittatinny Mountain and the associated valleys.
The prominent ridge is composed of highly resistant Shawangunk qﬁartzite
and COnglomérate and cuts-across the county in a northwestern direction.
The‘valieys-on-eachfsiderof the.Kittatinny;Mbuntain_are.composed of less
resistant‘shaies and "limestones.: Tﬁegshales_are‘usually.fine-grained.rogks
which are susceptible to erosion and the limestones, being slightly soluble

in water, are the least resistant rocks in the valleys.

Geologic History

Proterozoic:Era
Precambrian Period - The oldest rocks 1n the county were orlglnally

marine sediments de9051ted over 600 million: years ago. These rocks- have .



since been folded, faulted, and metamorphosed with the formation of gneiss
and marble resulting. The metamorphism and ignebué iﬁf?uSion of the Precambrian
rocks took place deep beneath the earth's surface where folding and com-
pression provided the necessary heat and pressure to metamorphose or’ change
the rocks. ‘Present exposure’ of ‘the rocks is due to removal of great
thicknesses by erosion over millions of years. : |

The coarse-grained metamorphic gneiss posseés d{stingdishéble‘béndg o
cansed by ‘the concentration of dark ferromagnesian minerals. - Detailed work
has ‘been done to’ stbdivide thé”gﬁeiéses,'but'thaf distinction need mot be
included. - The Franklin Formation is also a remmaht of sedimentéff'foéks and
in the oidest carbonate rock in‘New Jersey. It is a whité"crystéliiﬁe' a
“{irisstoné and ‘mrble containing some ‘graphité and sandy layers. At gfeaf ‘
depth millions of’ years ago, the Franklin Formaticn was intrudéed and meta-
morphoséd-by'mnltEH igneous rockﬁ' ‘The present exterit of the qnelss “and
Franklin Férmation is ¢nly a ffacfion“of'fhe'6figinairéreé covered by these
rocks: | B ' | | o

The ‘chly évidence of 1ife’in the the Precanbrian ¢an b’ interpréted by
the graphlte found in ‘the Franklin Lumestone. ¥ Graphite is composed entlrely
of carbon ‘and i§ believed fo e a remnant "of the hydrocarbons of 11v1ng

el

orgaisms’ A I ST foeow el e

Paleozoic Era

Paleozoic timé began with a slow depression of parts of the continent
and the invasion of a shallow sea over the surface from soutliestériy © .
direction. Sediments gradually began to acamulate in an elonpate depositional

basin ‘which extended “from Newfoundiand through New England; New “York,
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northwestern New Jersey, across eastern and central Pennsyivun1a western |
Virginia and the central Carnlinas into Alabama; Source areas for the;'
sediments were land masses to the east and southeast. The Paleozoic Era
lasted approximately 320 million vears and the interior sea during this
time varied greatly in size, shape and position. |

In New Jersey, Palenzoic sediments were deposited during the Cambrian,
Ordovician, Silurian and Devonian perinds. Rocks from the last three periods
of the era, the Mississippian, Pennsylvanian and Permian, are not'preSent

in New Jersey; but are found in Pernsylvania to the northwest and west.

Cambrian Period - At the beginning of Cambrian time, the eroded
Pfecambrian surface was covered with rock debris. As the sea slowly
advanced, the debris was mechanically reduced by the tidal currents and
wave action to uniform size and the nen-resistant minerals were chemically
altered. During sorting, the finer material was laid down in the'éalm
deeper water while the coarser materidl was deposited nearer shore where the
currents were stronger. The resulting formation consists of a well sorted
rock composed. almost entirely of quartz. Occasional conglomerates o
containing pebbles of gneiss, - feldspar ‘and quartz record areas where waves
and currents were not strong enough t6 break down the Precambrlan rock:debris.l
The sands and:gravels which accumilated durlng ‘this tlme constltute the “

Hardyston Quartzite.

Cambro Ordovician Time - - Turing ‘the latter part of the Cambr1an and
the beginning of the Ordovieian Periods, warm shallow seas prevalled

throughout most of the Appalachian Basin. The lack of an active influx of
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sediment into the basin allowed calcareous organisms to flourish. The
adundant lime organisms and the .conditions of the quiet seas promoted the-_ \_
precipitation of calcium carbonate. These sediments are today recorded |
as a dolomitic limestone with occasional quartz layers and fossﬂ remams

called the Kittatinny Formation.

Ordovician Period - Following uplift and a long erosional _inter\rei,-'
the Jacksonburg Limestone was deposited. over Kittatinny sediments_. in a. warm
sea which once again invaded the area. Conditions were such th‘atr?_the. seai "
contained abundant life and large quantities of organic reroai'ns were _. '
deposited. The resulting Jacksonburg Formation is dark colored and -
fossiliferoius. _ , o _ L

After the Jacksonburg was depnsited, the region .wae gradually r.up‘lif‘ted‘- -
and the seas retreated from New Jersey and eastern Pennsylvanla. During ﬂus
perlod of uplift, the exposed land was. slowly warn down by er051on

Deepening of .a hasin caused fine muds to dep031t. Occasmnally, _
landslides or- midflows aleng the steep slopes of the hasin produced thln
sandy beds. These sedments are today recorded as a thlck sequence of ‘
alternating sandstone, shale and. slate beds called the Martlnsburg Fomatlon. ’

The end of Ordovician time was marked by an exten51ve perlod of foldmg
faultmg and up11ft .which is called the Tacomc Orogeny, named after the :
Taconic Mountains. of Vemont which were formed at this tlme '

It is likely that life existed for 100 million years before the a
Paleozoic Era, but earlier rocks have preserved little or no ev1dence -oi-;’-
life. In New Jersey, fossil worm tubes from the Hardyston Quartzlte are -
the first evidence. Although the New Jersey Cambrlan foss1l record is -

scant, .over: 500 -species ofl_:mvert_ebra‘te animals have been_fomd in other
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North American rocks.  The meager New Jersey record was caused by the -
prevailing type.of_depngition. Generally, the seas werecshallpw,.veryla-
warm, and rather sﬁagnant, producing an environmént.where_animals could not
flourish. Only a few fbssils are fbund in the Kittatinny Formation, two

of the more common are primitive types of algae and the scaphopoda,

Hyolithellus micans. The Jacksonburg Formation environment was very favorable
for abundént_life sokthat brachiopods, crinoid stems, conndonts, and bryozoa . °
are fbund._' L |

The types of fossils found in the Martinsburg Formation, combined with
their relatively rare occurence, indiéate that this deposition was not
favorable for abundant 1ife. Graptolites, jellyfish-like animals with
individuals 1iving along hanging branches,_are found in the Formation, These

animals 1lived in an open sea and are best preserved in a muddy bottom,

Silurian Periodr- Following the disturbances of the Taconic Orogeny,

the uplifted 1audmasses to the northeast, east and southwest provided

a rich source of sediments which was carried into the Appalachian basin
| by high velocity streams., The poorly éorted conglomerate and quartzite
dep051ted by these streams are preserved as the Shawangunk quartzite and
conglomerate of which Kittatinny Mountain is composed.

As the squrce:fbr_these sediments was gradually reduced by erosion,
the streamslwéxe‘unablg to maintain their velocity and erode such coarse
material,__Finer-grained,‘iranrich silt and clay was spread out.at the
foot of the_SQur;e mountains in an alluvial plain environment, Upon the
well aerated flood plains_of the streams, oxidation of the iron present
produced a red sediment, while the reducing environmeﬁéfof the stream channels

resulted in olive green and gray beds. The resulting bands of grayish green .
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beds dud red shale P“e called the High Falls Formation.

Even though marlne 1nvertebrates predomlnated during S11ur1an time the
fossil recnrd in New Jersey is scant AThe.Eurypterlds,-scorplon—llke
anlmals up-to 16 feet in 1enpth were the 11rge5t ariimals of the time.
Their remains are found in the Shawangunk quart21te “and conglomerate
. Recently, hear Delaware Water Gap, fossils were found 51m11ar to Jellyflsh
-lhln the . Shawangunk The soft bhodied, jellyfish-like animal was flrst dlscovered
in Southern Australia in rock over 560 m11110n years old Thls dlscovery,
in the United States, extends the tlme range from Cambrlan to the Sllurxan ?
Period. when this animal lived. | . |

One of the most ‘common fessils the . ostracod is fbund in the Hzgh
Falls Fbrnmt10n. The presence of these animals indicates that the 7

depositional environment was a very muddy sea bottom.

From the end of the S11ur1an Perloﬂ through the Devonlan, Miss1551pp1an,.
Pemnsylvanian, - Perm1an, Tr1a551c, JUrass1c and LCretacecus Perlods there

was a continuing period of er051on in Warren County. Therefore, it 1e

impossible to-decipher the spec1f1c evenre ;n the local ge61ogicdhistory.” ‘

Cenozoic Era
Tertiary Period 4

Frosion continted in the area durlnp the Cenozelc Era (beg1nn1ng 70
million years ago): reduc1ng the rellef even further. The” theoretlcal end .
| point in the cycle of 'stream eros10n is called a peneplaln, a gently slop1ng .
surface of little relief upen Whldh streams meander toward the’ sea. Dur1np

the Cenozo1c Era, such surfaces of er0510n were recorded
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The erosion surface called the Schooley Pensplain, was-fermed during
early Tertiary time. After gentle uplift, the increased velocity of the
streams alloﬁed them to erode, carving out valieys in the non-resistant
shales, dolcﬁites, and limestone. As the rrocess of erosion contimued.
the surface of the land was again reduced to gentle relief. The Schooley
surface was only recorded in the sandstone and gneissic ridges which resisted
erosion, Subsequent uplift and erosion of intervening valleys has eievaied
this dlssected Schooley surface to its present level at the crests of
Kittatinny Mbuntaln, and- the pne1551c ridges of the Highlands in Warren'
County, Durlng th1s time the Delaware Water Gap' was-formed (see section

on Water Gap, p. 9;10).

Quaternary Perind |
Pleistoéene Epoﬁh - The.Pleistocene Epoch, known as- the Ice Age,»was”
a time when glaciers covered a mhch greater area than they do today. Ice
ages or glacial stages alternaféa with-wanner interglacial stagés when the
ice sheets receded temporgrily. o
In Warren County-fhe glacial deposits éré believed to belong to three
glacial stages, Kansan (oldest), 1111no1an, and Wisconsin {youngest).
Each stage was named after a state 1n whlch tbe deposits, called drift, are
well represented., In NGW'Jersey, the PVldence left fnmn the Kansan stage
is very natchy Scattered rocks and clayey tiil (tough, stoney clay)} are
found in the uplands usually the Highlands, The Illinoian stage has
left more drlft ‘than the Kansan, but the evidence is still scattered. The
appearance of the debrls is a result of the long_exposure to weatherlng

and erosion. This drift is found on hilltops and in low terraces along streams,



The Wisconsin ice sheet was the most recent, and therefore has left the
most evidence. The most distinctive glacial feature of the county is the
sinous terminal moraine. This narrow ridge of coarse unstratified material

extends across the middle of the county from Belvidere to Hackettstown.

This moraine marks the terminal margin of the glacier where the material |
pushed by the adv_aﬁ_cing sheet renﬁined after the ice melted. South of

the terminal moraine the tqpography_has been greatly modified by streams
vhich deposited the large volume of sediment which, the melting glacier had
carried. North of the moraine, the ice Vhas scoured, polished and striated
rock surfacés and bouiders. As drainage was blocked and disorganized

by the ice sheets or as stream valley were gouged out and over-deepened,
numerous lakes were formed, many of which still remain in Warren County .

. as recreational resorts.

WISCONSIN GLACIATION

(Qtm)  TERMINAL MORAINE
{Qsd} STRATIFIED DRIFT - ;



" The Deléwéfe-water Gap

A water gap is a pasé.in a :idge of resistant rock through which a
stream has carved its course. 'Kittatinny'hknnwtain, a continuous ridgé'frsm
south central Pennsylvania Whefé it is called Blue Mountain, through -
New Jersey to southeastefﬂ New York_Whereiit becomes Shawangunk Mbuntain;"
rises. abruptly as an almost wnbroken wall of the Silurian Shawadgunk-:'
Conglomefate.' Subsequent to the formétion of the Schoolef?Peneplainwin{eafif
Tertiary time, the land was gently uplifted, allowing the streams to once
again sculpture the surface. In éregs-underlainrby.noniresistant shéies;
limestones and dolomites, the streams carved out deep valleys.  The and
underlain by vesistant sandstones, quartzites and gneisses, however, stood
out as ridges forming a barrier to the seaward drainage of Pennsylvania
and northern New Jersey. In nﬁrtﬁﬁeétern Warren County the Delaware River
has sugcessfully eroded its wﬁy-thfSugﬁ the Kittatimny Mountain to a
present level of only 285 feet, where it forms the Delaware Water Gap. The
remarkably level crest of Kittatinny Mountain rises to a height of 1,400
feet on either side, coinciding with the Schooley surface. The Gap, which
is SOO:yards wide at the river and 1,400 yards wide at the crest, forms -
an impreséive notch in the horizon which is visible from the gentle hills
of Kittatinny Valley to the southeast.

Many theories have been prqposed concerning the mechanisms by which the
Delaware River was able to erode its course from a once higher level to its
présent level through the Gap. In the light of most recent investigations,

it seems highly probably that gentle folding and associated faulting and

~Q-




jointing produced a weakness. inthe Shawargunk-Eommation.at the Gap,
mak_i.'ﬂg it more vulnerable to erosion. - (Epstein, 1966),

Another ,fﬁeory”i's ‘the erosion of peneplains.__ Peneplai‘n.s:; are re_iatively
flat surfaces fOﬁﬁed'by erosinn over a wide area. _ In lﬂJarren Cormtjr,- the
most obvmus peneplaln is the Schooley Peneplam, the remnants of which
can be seen in the alimost even crests of the. Poccme Momtams in Pennsylvama, _
the K1ttat1nny Mountams and' the Highlands. Gentle uprarp and subsequent
sculpturlng of the different rocks by stream erosmn have formed the
topograph}r as it appears today Over many thousands of years thls wearmg
down process carved out the weaker rocks. to form the valleys and left ‘the
more res1stant rocks as ridges. o - o

_ Durlng development of the peneplains, the streams were flomng at much
| hlgher 1evels than they are today. :-The Delaware. Rlver, flowmg through vhat

is now Delaware Water Gap, eroded ‘the .rocks forming a notch. .



WARREN COUNTY'S MINERAL HISTORY IN BRIEF

Warren County has a variety of mineral dems:tts The Pahaquarry
Copper deposits, located near the Delaware River seven miles north of the
Delaware Water Gap, were ‘discovered By Dutch’ explorers in the 1650‘5. 'Ihey \
came frem Esonus (now Mngston) New York “down the Old N:me Road throuph

Minisink, to the Pahaquarry mine.: "0ld. Mme Road was Grlgmally constructed

to haul ore, and for more than a centufy ‘it was the longeqt stretch of good o

road 1n the. colomes w1th a-length of 104 mlles Mln:mg occurred ’ . )
on a llml'tEd scale -at -the. Pahaquarry: mine “the c’mef ore helnp chalcoclte |
from the H:Lph Falls Formation. The mining ceaseﬂ in 1664 when the Enollsh -
took over the Dutch coleny of Manhattan, - This is bellevefl tn have been the -
first mine worked by Europeans on this contlrent Each mnlnq attemnt s:mce _ |
then in the Pahaquarry deposu:s has ended in failure. | . | ‘ '

Today, in Warren County, sand and’ gravel, used chiefly as a b‘uild'ing R
and paving material, is quarried near Carpenterville, Belevidere and
Phillipsburg. | |

The Royal Green Marble Company of Phillipsburg produces marble for
terrazzo. Near Oxford, limestone is crushed for cement and fertilizer.

Humus peat, recovered near the Great Meadows, is used primarily as
a soil conditioner, Organic matter gradually accumulated on the Pleistocene
Lake bottoms and underwent slow and partial decomposition under the water.

This residual organic material formed veat,



GEOLOGIC TIME SCALE

Geologic time intervals are unéqﬁal subdivisions of “the earth‘s
history corresponding to definite geologic events. Eras aré the 1argest
divisions of time and contain many periods, which are further subdivided |
into epochs. Formations, mappable rock umits, are placed within the period
during which they wefe formed., A formation's place within the stratigraphic
column is determined Ey tﬁe predominant forms of 1ife preserved within the '
rocksj distinctiveAlithology; and its relationship to previously dated
- units. Only'recently have geologists been.able to place an absolufe date
on these relative time units by radloactlve m@thods | 7

The geologic colum is used throughout the world although some local

or reglonal modifications are sometimes used for greater clarity.
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Geologfc'TIma Scale

Formatlon or Rock " Approx. no. of

Eras Periods “tapprox. Thickness) . . million years ago
. Recent Soi§ éﬁd'ailuv?umiio-BOff,) ,
Quaternary ; ‘ 0=
Cenozole " Plelstocene ~ Glaciat drift (0-460f1.)
Tertiary Not present In county o 160
Cretaceous ‘Not present In county C60-13D
Masozolc Jurassic Not present In stete ' [30-155
Trlassic Mot present In county 155-485
Permian Not present In state . 185-210
Penn. Not present in state :
Carboniferous 210-265
Miss. Not present in state
Devonian Not present in county _ 265-320
High Falls Form.(2300 £t)
Stlurian - : , 32n-360
Shawangunk Conglomerate(I500 f1) oo
Marfinfburq Fm1{3ﬂ00 f+)
Ordovician 360-440
Palenzolc _ : ‘Jacksonburq Fm (!EG 300 f+)
Cambro-Ordovictan Kif*afinry Fin. (2500-3000 #4)
Cambrian Hardyston Ouar?z?%e(ﬁ 200 £1) ' 440520
Proterozolc Precamtrian Franklin Formetion and (7 f+.) _
' various gneisses and schists 520-2100+

f Dashed iines Indlicate formation belng deposited in two time periods.
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GEOLOGIC CROSS SECTIONS
WARREN COUNTY
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SECTION A-A’
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