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GEOLOGY OF MONMOUTH COUNTY IN BRIEF

| PHYSTOGRAPHY o
- Monmouth County lies entirely within the Atlantic Coastal Plain a

segment of the Coastal Province of North America, which extends from
-TNewfoundland to Central America. In New Jersey, the Coastal Plain lies

rsoutheast of a 11ne from Trenton to Perth Amboy, covering approximately

three fifths of the state.

.

Bills which run diagonally across the county as if forming a back—

bone (see Figure 1) are the most promiuent topographic feature of Monmouth
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"FIGURE | Physiographic Feokires
' ul Monmouth County.

County. This line of hills begins at the Highlands of ﬁavesink,.ﬁﬁere:
steep bluffs rise as high as 269 feet above Sandy Hook Bay. Because these

bluffs are the highest point on the east coast of the United States south



of Malne, they were a natural landmark for mariners sailing Into New York
Harbor. The powerful beacons of Twin Liahts, now made obsolefe by quern
etectronic navigational systems, could be seen for many miles at sea,.fo

guide éhips safely paéf the sﬁoé! wafefs off Sandy Hook.

From the Navesink Highlands, the line of hitls foliows a curved path:

through the highest point In the county, 391 feet af‘fhe top of Beacon Hill,

toward Freehold. Here the ridge Iine bends to the west, through Pine Hill
(372 feet), then bends southward into Ocean County., A spur of smaller hills
branchas out frbm Freehold toward Asbﬁry Park on the coast. FExcept for the

hiltls meﬁ*idned above, most of the reéf of the county has elevatlons of less

than 150 feet. The hills of Monmouth County have been dissected by numerous

branching streams into a gently roliing topoqgraphy.

. Sandy Hook, one of the most interesting shorellne features of the New
Jérsey shbre, Ié an excellent example of the process of shoreiine develop-
ment. Figures Z-SIaﬁG 2-b;are two hypothetical stages in the development
of the hoo#. 'In Flgﬁra 2-a the headlands are shown protruding from beyond
tTheir present boundaries.. Both the Navesink and Shrewsbury Rivers emptied
directly info the Aflénfkc dceant The .eroslon action of ocean waves re-
duced the semicon;quda?éd-Coasfa!-Plain sedlmentsrfo ‘loose sand, which
combined wif%fsedlmenf carried ocut by +he'fwo,fivers,.was transported
norfhward by éurrenfs in a process known as-toﬁgshohe drift, and deposited
in a growlng reﬁurved splflas shown In Flaure 2-b, .Theﬁcurvlng of the spit
is caused by the dépoSlflon of sands swept around the end of the spit by
sfrong-flood or incoming t1de currents which are'generaffy stronger than '
those of the ebb or outaoing tide. The d{fference in +1de velocities and,
therefore, the abtlity of fhe‘purreAf to carry sediment creates a net sﬁore~

ward movement with an accompanying deposition of sands Inside Raritan Bay.

M
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Sandy Hook in 1685, as surveyved by
George Keith, Surveyor-General of
East Jersey. '

Sandy Hook prior to 1764, surveyed
by William Lawrence,
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i+ info Sandy Hook Bay

The remaining maps In Figure 2 show how much Sandy Hook has changed
within historic times. Not only has the hook changed In size and shape,
but I+Ahas also changed-ifs connecflén with fhe mainland many tlmes. At
several times In Its hlstory, fhé hook was totally separated from Tﬁe main-
land., One such t+ime was in 1685, whén Georage Kelth, Surveyor-General of.
East Jersey, made a survey of +he hook as shown in Fiaure 2-c.

A narrow sandbar connected Sandy Hook to the Navesink quhlands when
Wiltiam Lawrence surveyed The area prior to 1764 (Figure 2~ d). In.t778 a
passage’ was broken Through Thls bar i Tidal curren+s=f|owlng-+hrough the

new passage bulif a bar across the moufh of the Navestnk River, deflecf!nq

The map of Easf Jersey made by John Hllls in |796 shows fhree lnlefs,

- one a? the base of Sandy Hook and two af_?he area of'fhe Navesink and
Shrewsbury Rivers (F|gure 2-e)., It alsd-shows-Sandv Hook Lighthouse, which
| stood at +he 1'lp of the hook when 1t was bufl+ Tn 1764. The inlet ‘at the

basg of the hook closed around 1800, feaving the hook connected once agalin

with the Navesink Highlands. Local Ees!denfs reopened the inlet about 1850,
when Sandy Hook was connected to The'mainland south of the Shrewsbury River
by a narrow sandbar that is now ;he town of Sea Bright. Once the fnlefsf
were fInally'Ciosed, the Highlands wére protected from the forces of waves
and tidal cu;renfs‘wﬁich had undpubTédly contributed %o the formation of
large slump blocks aﬁd !andslides at several places afong fhe'b|uf¥s.

Beach: eroslon along The shore con+1nues fo be & major problem.'-Fiq-
ures 2-f, 2-g and Z#h show how the hook has conflnued +o qrow in ?he tast
century despife efforTs at.stablilization.. The rafe of change in fhe develﬂ
opmen+ of ?he hook has been refarded in recen+ years by The cons?rucflon of

£

sea walls, grqfns,and‘ofher erosion_confrol projects. The northward pro-



Figure 2.

SARDY HOOK LIGHT

z - =
g ﬁ'lhlmu ..’.a“",‘ﬂg- A r‘: - L)
it 4 ’q“nt\' ; &
& oy pr) O
3 : \ Gt L=
‘u“ wtenr, of
W e O
o LDy ) - -
& : Fo J z
2 & >

= ‘\“ h ﬁ
M . -

-',’ n\‘ .

K
v oF
. My,
" i "l}. O SN
X ‘ ¥ - -
) 0
F 5 Inaes?
rA WE SNy &
Yaes Bppptova, [Lfcr o o
- ffﬂf"ﬁ o "'F NS
. .
‘t‘“ £ "I“'
> W
RO vty
- LA
r -i.'_.‘ i f""\
+ L
1Ll [
o S -~
g > ot
7.8 .:?_e.
- ot
- i
it
- LR ¢

- ATLANTIC. OCEAN

‘Sandy Hook in 1796, as surveyed by
- John Hills., Sandy Hook light was
built in 1764, '

Sandy Hook in 1885,

L 3

"S\SANDY HOOK LIGHT
SANDY PR

HOOK
BAY

iws'«ul"‘""t "ﬂ!& LARRIN®
H facy

0

< b
'.mmu',“I 7 W‘? b/
Wiy, L Y
,\0““‘. ‘;\‘ e
ey g

OCEAN

ATLANTIC |

at ) - Atl v ‘.
H l"‘m‘n"""i NZ% '-.’.' . N
%, I aGt10 ‘\
o’ }‘
Tl Y, ;.
LR anvel’)
Wit L
at &
g5 ;
ety

NOY MOOK LIGNT

ATLANTIC OCEAN

Sandy Hook in 1950,

Sandy Hook today.



gression of the hook has been effectively stopped by the maintenance of
Sandy Hook ship channel. Of course, such measures do not eliminate all
transport of sand along the shore. They can only modify and, to some ex-

tent, contrel the process.

GEOLOGY 7 o

Benea?h +the surface of the Coastal Plain lies a wedge of sands and clays
which thickens foward the coast. The different strata +ha+ make up the wedge
have besn.d!vlded 1n?puunl+s_calied formations. A formaflqn is defined as a
mappable sfra+lgraphlc unit, That means that it has soﬁe~éharacferlsflcs_
that can be Identlfed over a large area. It does not mean that a formatlon
ls exactly’ fhé same at all locations. The area whéré‘é fOrmaflén I§7exﬁo§ed
at the surface of fhe earfh ls the ou?crop arsa. *FIgUre 3 is a geologle map
for MonmouTh Counfy whlch shows the pattern of the ou?crop areas for the d!f-
ferent formaf!onsxln the_coun+y. The'crossfsepfion_in Figure 4 shows how
. younger formaf!on§ §Q§rl}e older ones. iﬁ Monmouth County, the oldest for-
mations outcrop along the northwest border. Formatlons can be Identifled In
samples obtained from deep wells. By studying samples from many wells
drilled throughout the county, geologfsfs have been abie to determine that
mpsfaof The fofma%tons_fhlcken downdip to the spu+h9a$+. |

The Gedlogic Time Scale shows the units of Hime Into which the
earth's history has been'div!ded.f The unlts are not of equal duration In
years, but r?fhar ware deferm!ned by +he unravel ing of geologlc events |
-fha'r occurred at dlfferenf places in +he earth at differen-l- ﬂmes.

The oldesf of fhe Coasfal Plain formaflons,_deposifed at abqqf,fhe
mi?dle of fhe_Crefaceousnbeklod, Hes on an erodéd-be&rock surface known as
’rhe'pre-Creféceous- ':-’basemen‘t'.” Little is k‘ﬁown abduf_fhflé' "Easemenf_,"’ ex~

cept that under:Méhmoﬁ*ﬁ‘CounTy I+ slopes to the southeast at a llttie more |



7 Than 50 feet per,m¥!e, and where .1t has been penetrated in deep wells, it
| conslsfe_of a type of rock known as gneiss. This hard crystalline rock was
konce|comppsed offeedlments simijar to the Coastal :Flain. formations. The
_eedimenrs'uere.pur]ed deep within the earth's crust where they were sub-
1}9§?ed_to,hlgh femperafures{and;prq5§ures:forumllllons of yearsianhe com=-
.pinaflon of:femperafure,,preesure?gndgtime converted the soft sediments o
hard crystatiine rock. By the middle of the Cretaceous Perlod, the dnelss
had been exposed at the earth's surface after a long period of erosion.
The Coastal Plaln sediments that overl!e the basemen+ rocks “were de—
posited In several di fferent envlronmenfs. Durlnq fhe IOO mll!ion years
while the sedimen+s were beinq deposlfed, sea level changed many +Imes, S0
that the sea advanced and refrea+ed across wha+ ls now Monmoufh Counfy In

T4

what are called +ransqressions and regressions. |+ is posslble +o documenf

these changes by observing +he sequence of sedfmenf fypes fn a verT!cal sec-
h tion. For example, a sequence of rlver deposlfs over!ain by beach and |
" coastal ‘1agoon sediments overla!n, ln Turn, by sedimenfs depos!fed under‘-
sevéral hundred feet of ocean water wouid represen+ a fransgressfon, whife
the ‘same materlal 1n the opposlTe order would represen+ a regressfon.f .
" The con*ac+s befween forma+ions are an Imporfan? Indtca;or of the
geologic hisfory ‘of an area. if the con?acf Is gradaf!onal from one forma~
tion to anofher, it is sald To be conformable. A conformable con?acf Iindi-
cates that condlt!ons were changing qradual!y, wifh no break in sedlmenfary
record. A sharp’ con+ac+ on the o?her hand lndica?es an abrup+ chanqe.
Any break in sedimenfaf!on creafes a gap in +he geoiogic record known as an

unconformify. "Some unconformlfies are disflncf wlfh fhe underlying sfrafa

at an angle to the overlylng material. 0+hers may be quite hard fo defecT

because the strata.are uarallel'above‘and below 0f+en There ls evldence



“of erosion; elther:in 'the uneven form of the lower s+ra+um or by fhe lnclu-
sion of re-worked material from the older formaflon in the younger. |
While the Coastal Plaln formations were belng deposited, the bésgménf
was: t111+ing 'gradualty to' the southeast, éiféwing even greater +hicknesses
. of sediments o be depdsited. The thickness of sediments in Monmouth
-County - Increases from about™300 fest near Rarlfan Bay fo nearly 2000 feet
fat-fhe mouth of the Mamasqtian River. ' - ' - v

LT

Crefaceous

Rarl+an and Magé;hy,Formaf!ons = _Kme

Al+hough These Two formafions occupy only a smatl area of outcrop in.
VMonmoufh Counfy, They are of grea+ |mpor1ance because many municlpalities
_fap +hem for fhelr wafer suppl!es The Rarifan formafion Is,the oldest and

Thickesf of +he Coasfal Plain forma?ions. wﬁereult outcrops along Raritan
.?Bay, it is from !50 to 300 fee? ?hick. A deep weil on Island Beach In .-
Ocean CounTy penafrafed more than I700 feef of the Rarffan formaf!on. The
forma+ion is made up of alferna?lng layers of sands and clays that were de-
poslfed in rlvef channels, flogq;pia{qs,-and QQITas_by,major river. systems
flowing ééross the érodadwbasem;n+ surface._ Fosslls of brackish water and
marine animals of the clam family have been . found ln some localltles. "
Fragmenfs of wood carr!ed by the rivers were burfed by +he shifting sedi-
menfs. During +he mil!ions of years that fhe wood was burled 1t was
+ransf0rmed lnfo a charcoal-lfke subs+ance called lignite. .

The Magofhy formaflon Is %hlnner fhan The Rarlfan, belng about 175
feet near Rarlfan Bay and abouf 260 fee+ in the Island Beach well. Two
Types of evadence show fhaT The sea was +ransqressinq, or moving Inland,
whlie fhe Magothy was pelng depqsifed. Fossils found in the Magofhy.argh

of true marine animals, instead of the brackish water fossils of the Rari-



tan formation. Also, although the lower part of the formation consists
mostly of dark silty clays and light colored sands, the upper part contains
some glauconite. Glauconite, or greensand, is a mineral similar to mica
which forms on the ocean fioor far enough from land so that land-derived
sediment wil! not Inhibit the formation of the glaucdnlfe gralns. Some

of the Coastal Plain formetions that overlie the Magothy are composed al-
most entirely of glauconite. These are often referred to as greensand
marls and represent a deep water marine environment.

Merchantville and Woodbury Formations - Kmv & Kwb

The contact between the Magothy and Merchantvilte formations Is a
distinct unconformity. Not only Is there a change In sediment type, but
the Iower foot of the Merchanfvi!le contains some eroded and redeposited
materlal from the Magothy.

tn Monmouth County the Merchanfvflle consists mostly of Interstrati-
fied glauconitic sands'and thin beds of clayey silt. The glauconite beds
~ contain numerous worm borings and moids of marine fossils as weltl as frag-
ments of carbonlzed wood. Irregularly shaped ‘iumps of iron carbonate,
calied siderite concretions, are common tn the silty beds.

The contact between the Merchantviile and the VWoodbury formation is
gradatlonal, whicﬁ indicates that conditions were changlng without a break
in the sedihenfary record. In this case, the change was a lowering of sea
Ievél, or a regression, which deposited the 50 feet of dark gray clay of
the Woodbury in prdgressively shal fower water.

Engl ishtown Forma+ion - Ket

Sea level continued to drop while the Englishtown formation was being
deposited. In Monmouth County, the formation consists of about 140 feet
of white or yellow quartz sand, with some mica, minor quantities of giauco~

nite and some flne laminae of clay. The appearance of the sand varies from
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well laminated and cross-bedded in some localities to a massive or uni form
texture In others, especially to the south. Llocally the sand Is cemented
by an iron oxide cement. Marine fossits are found in the Englishtown along
the southern portions of its outcrop In New Jersey, although they are rare
in Monmouth County. Fragments of tignite are common, some up to 4 Inches
fong.

The Interlaminated sands and clays which contain abundant lignite sug-
gesfé a fluvial or deltaic environment of deposition for the Englishtown In
Monmouth County. Farther south, the poorer stratification and marine fos-
slis suggest that the formation graded into tagoon or marine sediments.

Like the Raritan and Magothy formations below it, the Englishtown is
important in Monmouth County as an aqulifer, or water-bearing formation.

Both prlvate home owners and municipal water supplies In the county tap

the Englishtown with wells.

Marshal ltown Formation - Kmt

A transgresslion, or rising sea level, brought about an abrupt change
in fhe character of the sediments. As the water deeﬁened, dark gray to
black, sllty, clayey glauconitic sands of the Marshalltown were deposited
over the Englishtown. In outcrop +he formation is only about. 30 feet
thick, but it +hlckéns downdip. Casts of marine fossils and worm burrows
are found In the formation. Many of the burrows are filled with giauco-
nite, which gives the outcrop a mottied appearance,

Wenonah_and Mount Laurel Formations ~ Kmw

These two formations are shown on +the geoioglic mep as a single uni+t
because they are geolegically similar and difftcult +o distinguish at
some locations in the fleld. The Wenonah formation, conformable with the

underlying Marshalltown, is thlckest near Trenton (70 feet) but thins in
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Monmouth County to about 35. feet at Atlanti¢:Highlands. “ 1% Is a uniform
thick bedded to massive, medium to fine grained; micaceovs, dark sand.
Glauconite. Is .a constituent .at the base-of the formation.'

As sedimentatlon .continued, an increase in gialn size, a'!ighfer v
color and.more noticeable stratification mark the transition info the -
Mount Laurei sand.. The Mount-Laurel is-about .35. feet thick’ In:+he ‘nor+h~-
eastern part of the county and, |ike the Wenonah, thickens +o more ?han
twice that flgure near Trenton. Throughouf most of Monmotth Counfy, fhe
formation consists of interbedded Iighf—colored sands and darker clays.
.The clay beds contaln siderlfe concrefions and qunife fragments. “

PRI l;.

Deposifion of fhe Wenonah and Mounf Laurel forma+ions occurred !n pro-

S. “f

gresslvely shaliower wafer The upper IO fee+ of +he Moun+ Laure! consls+s

: of coarse pebbly sand whlch marks The beqlnning of anofher ?ransgresslon.

: Navesnnk Forma+ion - Kns _ . _ "‘-” _ X

| The besf exposures of fhe Nayeelnk formafion are easf of Af!anfic
nghlands along Sandy Hook Bay, where +he enflre fhickness of 40 fee+ Is
'exposed The formaflon Is a masslve, poorly sor+ed dark green To b|UI5h-
biack clayey glauconl+e wl+h some quarfz sand If !s high!y fosslllferous
.The lower confacf ls abrupf Clay becomes more abundanf near The upper

'confacf whlch !s gradafional.

Red Bank Sand - Krb

-'.-l - _,'. . R

The younges? Crefaceous formafton in New Jersey is found aimos+ ex-
clusively in Monmoufh Counfy From a maximum fhickness of\abouf 140 feef
\ffhe Red Bank plnches ou+ To ?he soufhwesf where ¥+ dlsappears In norfh—
'eas+ Burlingfon Counfy. Excellen+ exposures are found around fhe Hithands

of Navesink from Red Bank along +he Navesink Rlver +o +he bluffs a!onq

‘Sandy Hook Bay
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"The butk of the Red Bank along the outcrop area is composed of coarse,
yellowish to reddish brown quartz sand.” 1t Is locally cemented by iron ox-
ide Into irregularly shaped masses. - The lower 15 to 30 feet consists of a
dark grayish black, massfve clayey sand with glauconite near the base.
fossiis are rare except .in the lower portion. Downdip, the sand grades

into. a greenish gray mixture of glaucenitic clay and quartz sand.

e

Terfia[x
Pa!eocene

Hornersfown Formafion - Th+

A major unconformify accompanied by widespread erosion preceded depo~
'sifion of fhe earliesf Ter?iary formafion. Apparen+|y erosion was most
acfive soufh cf Monmoufh Counfy, since The Hornersiown formafion, which Is
exposed from Monmoufh Beach to Maryiand Ites on successiveiy older forma-
tlons to fhe south, from the Red Bank +o the Mount Laurei. Over ihis dis~
+ance. ihe Horners?own changes Iiffie in eiiher ihickness or Ii+hoiogy

It consnsfs of 20 +o 30 feef of glauconife wifh some sand and clay. The

.i e

formafion is r!ch in fossils, especiaiiy near the iop. In addi+ion to
neny species of plecypods (ciams andmoysfers) +he remains of crocodiies
and sharks' +eefh have been recovered from ?he Hornersfown at some iocali-
tles. | )

Vincenfown Formation - Tvt

in Monmoufh Counfy, fhe Vinceniown fcrma+ion consists of abou+ 100
feet of massive glauconific quarfz sand, similar in appearance +o the Mount
Laurei formaiion and The lower porfion of ?he Red Bank. The s&milari+y ax~
lsfs because aii fhree were formed during regrnssive perlods, when shaiiow

water sedimenfs were belng deposifed over deep water formafions Soufh of



Monmouth County, the Vificeritown becomes quite distinctive, beiag ons of
the most fossitiferous of the Coastal Flaln fopmations, ~The ares near
Vincentown, in central Burlington County, consists almost entlirely of
- foraminlfera and broken bryozoa, along with the less chmmon -occurrenice of
remalns of echinolds, corals and other marine creatures. -

Eogene Tt et e et

Manasquan Formation - Tﬁq'"

" The Manasquan'formaftbh’ﬁs‘e&posed onty In a small area where the
youriger' formations have boen eroded away. The lower part of ite 25 feet
of thickness is mostly '$and 3nd glaudonifs, with some reworked fossils of
the Vincentown. The upper parf 1s mostly flné sand and gresnish to white
clay. Near Long Branch and Farfmingdale, the Manasquan is overlaln by the
Shark River ‘marl, which Is about |} Feet of'gkéehsada'ahd Iight colored
clay. | | - R

These deposifs:répre§en+'a return to desper wéfer; after ‘the shal low
water Interlude repréesented by the Vincentown, Atter deposl¥ion of the
' SharkiRiver?marI "the Eocerie séa wlthdrew from New Jersey, beg!nn?ng a
period of erosion which continued through the mlddle Miocene | |
Miocene | |

K!rkwood.Forma¥ion - Thw

: The largest exposure of a'STnglénfofhé+léﬁ"In Monmouth Céun+yifs"6f '
the Kirkwood. 'As the middle Miocens seas ‘advanced over the eroded surface
of the Focene deposi+s] the margtnal marine ‘o sﬁallbw.heéréhdre seé!méﬁ%s
of the Kirkwood were deposifed. A biack, lignttic clay forms the base of
the formation. This is overlaln by finérmicacééusrquarfz'sand, which Ts
interbedded with lens~shaped beds of clay, which var;-ln +hfcknéé§'ffoﬁ:a

' few inches ‘to several’ féet. Thin beds of gkéVe{_énd cross-bedded sand
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found at some places were probabiy deposited on a beach. in Monmouth
County, the Kirkwood averages about 100 feet in thickness, although it. .
+hlckens,downdip to the south to more than 1200 feet near Atlantic Clty.

Miocene=-Pllocene,

Cohansey Formation - Tch_

A brief lowering of sea level recurred following deposition of the
Kirkwood. Evidence of this can be seen whare the Igwer,gontapf of the
Cohansey foﬁa+]on Is visible Jn,ouT;rop. However, the evldence of this
unconformify does not persist downdip . in well sampies, whlch suggests
that this break In sedimentation was not widespread.

The Cohansey Is.camposed primarily of coarse i!ghf colored quartz
‘sand,'offen with a'prominqnf cross-bedding.. Occaslonal discontinuous
lenses of light colored clay are found from a few inches fo.about 10: feet
thick. fhe deposifloﬁal environment of the Cohansey varied widely from
beaches and Iagoon; to_fluvial or river deposits.. Exposures of the Co-
hansey In Monmouth County are thin and scaffered,,althdugh it Is‘widq-
spread in outcrop farther south in. the Pine Barrens of.the Coastal Plain,
where the avgrage thickness ayerages. about 100 feet.. _

The age of the Cohansey Is not known with certainty. The faqt,#haf
it 1s nearly conformable with the Kirkwood sugggsfs.a.Jafggﬁqueng}agei
Some plant fosslis have.been.idenfifled which suggest +ha+_+he-forﬁa+lon
may be as young as Pllocene. Recent analysls of pollen grains-found. in-.
the Kirkwcod -and Cohansey formations indicates that the climate of New |
Jersey during the Miocene and Pliocene was_hqmid_sub+ro§lcaj,,simllan fo

~what is found today south of.Virginla. .

Pl locene~Beacon Hill

After.deposition of the Cohansey, an uplift of the rocks:.in the north-



ern part of New Jersey began a period of increased erosion. the Eaﬁdg énd
“gravels of the Beacon RIIl formatich wers deposited by streams flowing
aéross_fhe“bba§+al'PlainL "Erosion ‘since that +ime has reduced the %oimé-
“tion to & few scattered remnants at the top of the highest hilts which are
too smalt to show on the geologlc map. The fact that ﬁéféffa?'dépési;é&
In"stréam Valleys Is riow found on hTi1 tops ‘Indicates that meny hundreds

" of feet of sediments have been eroded since the Pllocené. Even Tﬁoﬁqh-fhe
“largest” exposures ‘of ¥he forma*ion are found in Ocean Counfy, fhe formafion

“ 1s naméd for Beacon Wi 1'% Mommauth County.

OUATERNARY . o
' Alfhouqh ?hé glaciers of the Plels+ocene or. Ice Age never reached

_ Monmoufh Counfy, the chanqes in sea level and disrupf:on of drainage pp¢~
‘_ferns they caused played an imporfanf role in esfablishina our. present:
F landscape. Thgvfhree fgrmafions‘erqgljgd;dgriqg the Pleistocene have not
_ been showthn fﬁe_geqlqgjqupap because They are generally smali exposures
:which lie on The surface of the o!der formafions.1 The sands and .gravels
of the BrldgeTon formaf!on occﬁr as scattered outcrops, usually less than
30, feet thick. Part of the deposition was by rivers, although. some .of
Lfﬁéjgpgnfy_w?s probgpéy submerggd:qf_thl§ Tfme. . The largest exposures of
. the Fe”?ﬁ.@.?." formation are. found Just west of Monmouth County, where ..
[igﬁf_cq!pred sanﬁs.anq grayels.were:d?posjfgd_by'a major-river;sysfem;
flowing southwest ngéss the state during an interalacial peried, Within
_ Monmgu?h County, fhe Pensauken Is Iimifed To +hin deposifs along some . .

| sfream~vafle§s The Cape May formafion IS found mos+|y a!onq the shore
a+ eIevaTIons below abou? 50 feet, where the sands and gravels were.de-
posyfgdlwhlie?fhe sea stood at a higher level +h§n toggy,jprohably Jusf

before the start of the last period of glaciation.
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MINERAL RESOURCES.

~ Monmouth County is not richly endowed with mineral weaith. Relatively
smali qqan?l?fesnof,saqdrand.gravel are taken for bullding and road work.
However,‘hlsforicagly, the mineral industry in the county was once far .more
acT!ve_ihan-Today.‘:

. The greensand marls of the Cretaceous strata were once used extensively
as fertllizer. Iits value as a soll conditioner was first dlscqvered on the
.farm of Pefer Schehck%near Mariboro In 1768, after matertal dug from ditches
was spread over the fields. Nhen a marked,jmprovemen* in yield was observed
on these fields, the practice of spreading mart gained acceptance, until by
the middle of the 1800's the use of marl was common throughout the Coasta
Plaln. It wasléven'uéé& fo'éiiéﬁ'féfming on the fﬁfer+lie sol!lof:+he Pine
Birrens. The primary value of the marl was as a source of lime, phosbhﬁ}ic
acld, and potassium. ~All the gréénsand formations were not of'equal'valhe.
Some marls, high in suifates of ITron, were unfit for use wi+hou+'+rea+men+,
although even this Tpolson marl™ was used after bbmposflng with Iime. de
much clay In the marl will cause the develdﬁmén+ of a "hardpanﬁ which is
also undesirable.

- Ground water in the Coastal Plain frequently contalns higH'COncénfra- _
+lons of Tron, as Is well knawn to homeowners with bffvafe wells. Since
most of the streams in the Coastal Plain are fed by ground wéfer,'fhey too |
are frequently iron rich. Contact with the air causes %he'férrous iron
carried in solutlon to precipitate iron oxide. Because the iron oxide
collects In low swampy areas, it is known as "bog lroh. Most of fﬁéfbog
iron ore in New Jerééy isAfbﬁhd fuffher south, where it once formed an Tm-
portant Industry, although some was produced In Monmouth County. In facf,‘

" the first known Tron works in fﬁé state was operéfing in 1685 at Tinton
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Fatls. Another iron works was started at Imlaystown, in Upper Freehold
Township in I7|6; The bog 1ron industry was made uneconomical by the de-
- velopment of higher grade ores many years ago. One feature of the indus-
: fry s of in?ergsf ln +hIs7presen1 age of scarce resources - bog Iron was
@ renewable resource. Ore could be "harvested” from dlfferent parts of
_thé bogs each year. After the limonite was removed, precipitation of the
‘[ron oxige.begaﬁ'anew and in only 20 to 30 years a new "crop" was ready
for production. | |

Inufhe l950ts, a newiimporf§n+ mineral resource was\discqvered in the
_ Coasfa§ Plaini_ }1meni+eg ét fron titanium oxide, ya;Afouqq‘in economic
concénfraflons In_par*s'pf Ocean and Burlington Counties, where tt Is now
being produced. Some deposits exTenqsipfo_squfhern Monmouth County, at-
though fhesgaa(e_nof'be{ng wqrged, JimgAE?e‘is used ‘as a source of tita-
nium, prfmarily for the manufacture of ﬁalnf'pigmenf: .

The source of the limenite now found in the Coastal Plain was the
Precambrian crystalline rpcks now proseq‘ln the northwestern part of New
Jersey. Thousands of feet of these focks were eroded over millions ot
years, providing sediment for the Coastal Piain formations. Because the
fimenite is a heavy mineral, it tends fo be concentrated by wave and
stream acfion; The‘ore bodies in New Jersey ére found in the Kirkwood
and Cohansey formations. 1In the Kirkwood, the ilmenite was concentrated
by wave action in the retreating Miocene seas. 'La+er, streams which de-
posifed the Cohansey formation concentrated ilmenite in several areas

along their paths.



" "GEOLOGIC TIME SCALE

Geologic +ime’ rnfervals are unequa! subdlv:slons of The earfh‘s hisfory
-.corresponding to darth's geo!oglc even?s. Eras are fhe Ionges? div!sions of
+ime and contaln many pariods which are fur?her subdlv!ded in+o epochs.' For-
‘naflons, whlch are mappable units of rock or sedimen?s, usually have Ilfhoi—
ogy or characferlsffc dls+lnc+tons and are assigned To Thaf period or epoch
during which they are formed. |
" A formatlon's place wi+h|ﬁﬁfhé-s+fé+igfaﬁhicVcolumn.fé:déférmined by

fhéwp?éddmféathférﬁagflIffe pfé;éhved as fossils wifhiﬁ Tﬁe:récké'érrsédl-
menfs. if ‘fosstls are Iacking, & formation's locafton in the +ime scale
miy be determined by |+s relafionship +o previously dafed un!fs Only rec-
'enfly ‘have geologis?s been abie fo place an absolufe da+e on fhese reiafive
time units by radloactive me+hods s o -

The geoioglc col umin Is used fhroughouf The world ai+hough some re-
g!onal ‘modifications may be used for greafer ciarify )

“In +he accompanylng s+ra+lgraphlc column, fhe rock +ype g!ven affer
the name is the ‘most common var|e+y found in fhe coun+y There may be

variation of ll?hology within fhe formafuon from p!ace To piace.



GEOLOG!IC TIME SCALE OF MONMOUTH COUNTY

Era.

Porlod

~Epoth.

Formation or Rock
" (Approx.Thickness Tn Ft.)

Approx.Age
Mittion Years
before Present

. CENOZOIC

‘Quaternary

Recent .

'.Plelsfogehe'

Beach sand & gravel
~Solt & aliuvium

0~0.01

- Cape May formation (0-30)
‘Pensauken formation (0-10)
Bridy formation” (0-30)

Tertiary

{Paleocene

_ Ptlocene

1 Eocene -

Mlocene-PI!ocene

Miecene

0.01-1

Beacon HI!| formafion (0-20)
Cohansey forma+ton (O-IOO) -

Kirkwood - formation -(0-100) .

17-25

Of lgocens . -

Not- prasanf ln counfy ST

25-40

Manasquan formaflon £0-25)

40-60

VIncen?own formafion (100)
Haornerstown formainn (20-30)

60-70

MESOZ0IC"

Jurassic

Triassic

Cretacecus

Upper Céefécé¢ﬁé;:;

. Red- Bank sand (0-140)- -

. ‘Navesink formation- {25-40) A
Mount Laure! formation (35-~70)
.+Wenonah-formation (35-70). |
~-Marshal {town formation (30).
Eng! 1shiown . formation:(140)
Woodbury formation (50}

1-_ Merchantvlile formaflon_£50—60)

-Magothy formation (25-175).
Raritan formation (150-300)

70-100

Lower Cretaceous

~Not present In county

{00-135

- Not present Incounty H.uz

__Nof presen+_tn county

135-180
180-225

PALEQZOIC

Permian

Carboniferous

Devonian
Sllurian
Ordovician

Cambrian

PRECAM-

BRIAN

ERNNUGEY, JULD S |

- Not present In county

"basemenf"
Gnelss, age and Thickness
uncertain

225-600

600+
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SUGGESTIONS FOR FURTHER READING

Dietz, R.S., 1972, Geosynclines, mountains and continent-bullding:Scientific
American,vo!t.226,n0.3,pp.30-38. This article explains in easily under-
stood terms how Coastal Plaln sediments are added on to Continental Margins
and eventually transformed into mountain belts through the processes of.
plate tectonics.

(

Jablonski, L.A., 1968, Ground-water resources of Monmouth County, New Jersey:.
N.J. Depf. of Cons.& Econ.Dev.,Special Rept. No.23. Although now out of
print, this report may be found in libraries. The report provides techni-
cal Information on the water-bearing properties of the formatlons In
Monmouth County.

Kummel, H.B., 1940, The geology of New Jersey:Geologlcal Survey of N.d4.,Bull.
50. This reference Is out of print, although it may be found In librarles.

Minard, J.P., 1969, Geology of the Sandy Hook Quadranglie in Monmouth County,
New Jersey:U.S.Geological Survey Bull. 1276. This bulietin (with map) pro-
vides detaited informatfon on the geology of the Navesink Highlands and
Sandy Hook. it may be purchased through the Bureau of Geology.

, 1974, Slump blocks in the Atlantic Highlands of New Jersey:U.S.
Geological Survey Prof.Paper 898. A descriptlion of slump blocks and siump=
ing in the hills of the northeastern N.J. Coastal Plain, and a discussion
of their potential as geologic hazards.

Subtizky, S., 1969, Geology of selected areas in New Jersey and eastern Penn-
sylvania and guldebook of excursions:Geological Society of America and (
assoclated soctetlies annual meeting, Attantic City, N.J.; Rutgers University
Press, New Brunswick, N.J. The interested reader w!ll find a wealth of In-
formatlon in this volume. The following articles will be of particular in-
terest to residents of Monmouth County:

Bowman, J.F. & W. Lodding, The Pensauken formation - A Plelstocene
fluvial deposit In New .Jersey, pp. 3~6.

Enrigh+ R., The sfra?igraphy and clay minera!ogy of Eocene sedImenfs
of the northern New Jersey Coastal Plaln, pp.14-20.

lsphordlng, W.C. & W. Lodding, Facies changes In sedlmenfs of Miocene
age in New Jersey, pp.7~13.

Markewicz, F.Jd., limenite deposits of the New Jersey Coastal Plain,
pp.363-382,

Minard, J.P. & E.C. Rhodehamel, Quaternary geology of part of norfhern
New Jersey and the Trenton .area, pp.279-313.

‘Owens, J.P. & N.F. Sohl, Shelf and deltalc palecenvironments In.fhe.
Cretaceous-Tertlary formations of the New Jersey Coastal Plain,
pp.235-278., '

Widmer, K., 1964, The geology and geography of New Jersey:D. Van Nostrand,
Princeton, N.J., v.19,193 pp. A non-technical! account of the geoioqy
of the sfafe which may be purchased from the Bureau of Geology.



Cover picture from New York magazine of August, 1790, from a New York
Library figure; courtesy of Samue! Steele Smith, Sandy Hook and the
Land of the Navesink; Phlilp Freneau Press, Monmouth Beach, N.J., 1963.

BOOKS OF INTEREST AVAILABLE
FROM THE BUREAU OF GEOLOGY

Richards, Horace G., et al, 1958, The Cretaceous Fossils of New Jersey,
Parfs { and 11, Bulletin 61

Widmer, Kembie, 1964, The Geology and Geography of New Jersey,
b. VanNostrand, Princeton, v.19, 193 p.

COUNTY SERIES:
Geology of Bergen County In Brief, Carol S. Lucey, Sr. Geologist
Geology of Burlington County in Brief, Carol S. Lucey, Sr.Geologist
and Kemble Widmer, State Geologist
Geology of Essex & Union Counties In Brief, Carol S. Lucey, Sr.Geologist
Geology of Hunterdon County In Brief, Carol S. Lucey, Sr.Geologist
Geotogy of Mercer County In Brief, Kemble Widmer, State Geologist
Geology of Morris County in Brief, Carcl S. Lucey, Sr.Geologist
Geology of Passaic County in Brief, David P. Harper, Sr.Geologist
Geclogy of Sussex County In Brief, Carol S. Lucey, Sr.Geologist
Geology of Warren County in Brief, Carol S. Lucey, Sr.Geologist
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