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Introduction

Significant mining of economic heavy minerals has taken place since 1962 in the New
Jersey Coastal Plain (Markewicz, 1969) . Mining has been exclusively in the Cohansey
Formation, and possibly the Kirkwood Formation, because of a relatively large
concentration of ilmenite . Investigations for occurrences of economic heavy mineral
have also been conducted from grab samples and vibracores of Pleistocene sediments on
the Atlantic Continental Shelf to determine the location and potential of strategic and
critical mineral deposits in the Exclusive Economic Zone (EEZ ; Grosz and others, 1989 ;
Uptegrove and others, 1991) .

Heavy mineral studies in the Cretaceous sand bodies in the New Jersey Coastal Plain
have been primarily focused on their utility in interpretations of provenance, depositional
environments, and weathering characteristics (Owens and Sohl, 1969; Owens and others,
1977). Few, if any, investigations have been aimed at the economic potential of
Cretaceous sand bodies in the New Jersey Coastal Plain .

In this paper, we will present the results of textural and mineralogical analysis of samples
of Cretaceous sands from the Northern New Jersey Coastal Plain (Fig . 1) to assess their
potential as sources of economic heavy minerals. Additionally, we will compare these
results with mineralogical data from a Pleistocene corehole at Island Beach State Park
(Fig. 1), and existing data from recent sediments offshore of the Northern New Jersey
Coastal Plain (Uptegrove and others, 1993) . This will allow us to evaluate not only
potential sources of economic heavy minerals in the New Jersey Coastal Plain and
Continental Shelf, but will also give us information on concentration of heavy minerals in
deeply weathered profiles .

Geological Setting

Cretaceous Geology

Samples were collected from well studied outcropping Cretaceous sediments (Ries and
others, 1904; Barksdale and others, 1943 ; Owens and Sohl, 1969 ; Owens and others,
1977 ; Sugarman and others, 1994). A generalized stratigraphic section for Cretaceous
formations in the Northern New Jersey Coastal Plain is given in fig. 2. Depositional
settings for Cretaceous strata in New Jersey have been well documented in Owens and
Sohl (1969) and Owens and others (1977) . The Englishtown and Magothy Formations
were deposited in delta front and lower delta plain environments . In general, the
formation consists of light-colored cross bedded sands and intercalated dark
carbonaceous-rich silty clay (Owens and Sohl, 1969) . The Magothy has been subdivided
into a series of informal members, which includes, from oldest to youngest, the following
informal members: South Amboy Fire Clay, Old Bridge Sand, Amboy Stoneware Clay,
Morgan beds, and Cliffwood beds (Owens and others, 1977 ; Sugarman and others, 1994) .
Only the sample from the Shrewsbury Member of the Red Bank Formation was deposited
in a shelf environment with little to no deltaic influence . It is consequently a massive to
cross-bedded sand with no interbedded dark clays and carbonaceous material, which is
characteristic of the deltaic facies comprising the Raritan, Magothy, and Englishtown
Formations.

Pleistocene Geology

A corehole was drilled at Island Beach State Park (figs . 1 and 3) to sample the surficial or
Pleistocene sediments for mineralogical data. A second corehole was drilled just south
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for a separate study which helped provide stratigraphic information for intervals which
were not recovered. Seventy eight feet of nearshore and fluvial Holocene sediment was
recovered (Fig . 3). The base of the hole just penetrated the Miocene Kirkwood
Formation.

Field And Laboratory Procedures

Because the relative low grade of heavy minerals in the sediments of the Atlantic Coastal
Plain, large concentrations of sample are required (Grosz and others, 1990). Outcrop
samples were collected by digging a shallow 1 .5 ft vertical trench. Surficial sediments
from the Island Beach site were cored with the Christensen 94-mm (HQ) system, with a 4
1/2 inch hole diameter and 2112 inch core diameter. Samples were sieved for textural
analyses (Table 2). Heavy-mineral concentrates were collected from the <2-mm-size
fraction using a three-turn spiral concentrator, and further processed using sodium
polytungstate liquid.
Samples were further separated into six magnetic fractions using a Frantz magnetic
barrier laboratory separator, with the dominant mineral phases shown below :

Fraction one: magnetite, ilmenite, and pyroboles (pyroxenes and amphiboles)
Fraction two: ilmenite, garnet, and pyroboles
Fraction three: ilmenite, garnet, pyroboles, tourmaline, epidote, and leucoxene
Fraction four: pyroboles, tourmaline, leucoxene, staurolite
Fraction five: leucoxene, aluminosilicates (silimanite, kyanite, and andalusite) .
Fraction six: aluminosilicates, leucoxene, zircon, and rutile

Each subfraction was independently studied for mineral abundance . Long- and short-
wave ultraviolet illumination was used to help in the identification of zircon and
monazite .
The data for each individual mineral phase in each magnetic subfraction are given in
Table 3.

Results and Discussion

Heavy Minerals

RHM (the weight percentage of recovered heavy minerals) from the spiral
concentratelheavy liquid process are reported below :

Average Standard Median Range
deviation

Outcrop Samples (1-15)
RHM 0.32 0.17 0.25 0.05-0.64
EHM 0.22 0.13 0.17 0.03-0.51
Core
RHM 1.38 0.11 1 .4 1 .26-1 .48
EHM 0.90 0.08 0.86 0.81-0.94
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Economic Heavy Minerals

Economic Heavy Minerals (EHM) include the sum of ilmenite, leucoxene, rutile, zircon,
monazite, and aluminosilicates) . Individual economic heavy minerals as percentages of
RHM are:

ILM LEU MON SKA ZIR RUT
Outcrop Samples
Average 34.43 20.04 0.08 7.91 5.52 2.35
Standard deviation 6.69 11.06 0.21 5.92 3.11 1.13
Median 34.08 17.28 0.00 6.95 4.98 2.13
Minimum 21 .96 4.13 0.00 0.95 1 .47 0.44
Maximum 47.57 42.38 0.59 19.60 10.97 4.17
Core (25-65')
Average 47.93 6.68 0.44 9.58 6.40 1.30
Standard deviation 7.49 4.08 0.74 1 .49 2.60 0.48
Median 45.11 5.15 0.03 9.04 7.29 1.15
Minimum 42.25 3.59 0.00 8.44 3.47 0.92
Maximum 56.41 11.31 1.30 11 .26 8.43 1.84
Core (80') 20.98 12.61 0.00 14.68 2.31 0.78

Surficial sediments from the IBSP corehole have a much higher percentage of recovered
heavy minerals than the outcropping Cretaceous formations (median of 1 .4 vs. 0.25). In
addition, they have a higher percentage of economic heavy minerals (median of 0 .86 vs .
0.17).
High percentages of EHM in the surficial sediments include ilmenite, aluminosilicates,
and zircon. The extended weathering of the Cretaceous sediments results in higher
concentrations of leucoxene (median value of 17 .3; maximum value of 42.4 vs. median
value of 5.2; maximum value of 11.3) and rutile (median value of 2 .1; maximum value of
4.2 vs. median value of 1 .2; maximum value of 1.8). High concentrations in the
Cretaceous sands of tourmaline (average 10.9 vs . 1 .5), and the depletion of labile heavy
minerals from the Cretaceous sands including garnet (average of 0 .6 in the Cretaceous
sediments vs. 9.8 in the surficial sediments) and pyroboles (average of 0 .1 in the
Cretaceous sediments vs. 4.8 in the surficial sediments) are also an indicator of extended
weathering .
In order to evaluate the economic potential of these deposits, each mineral phase can be
evaluated as the weight percentage of the bulk weight, as given below :

ILM LEU MON SKA ZIR RUT
Outcrop Samples
Average 0.11 0.06 0.00 0.02 0.02 0.01
Standard deviation 0.07 0.05 0.00 0.02 0.01 0.01
Median 0.09 0.04 0.00 0.02 0.01 0.01
Minimum 0.02 0.01 0.00 0.00 0.00 0.00
Maximum 0.28 0.23 0.00 0.08 0.05 0.02
Core (25-65')
Average 0.58 0.08 0.01 0.12 0.08 0.02
Standard deviation 0.05 0.04 0.01 0.12 0.08 0.02
Median 0.60 0.07 0.00 0.12 0.08 0.01
Minimum 0.52 0.04 0.00 0.11 0.05 0.01
Maximum 0.62 0.12 0.02 0.12 0.10 0.02
Core (80') 0.31 0.19 0.00 0.22 0.03 0.01

Note: Average is percent of RHM
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These values indicate that there is limited potential in economic mining of heavy minerals
from either the Cretaceous or Holocene sediments analyzed in this study .

References

Barksdale, H . C., Johnson, M. E., Schaefer, E. J., Baker, R. C., and DeBuchananne, G .
D., 1943, The ground-water supplies of Middlesex County, N. J .: New Jersey State
Water Supply Policy Comm . Spec. Report 8,160 p.

Grosz, A. E., Berquist, C . R., Jr., and Fischler, C. T., 1990, A procedure for assessing
heavy-mineral resources potential of continental shelf sediments, in Berquist, C . R .,
Jr., ed., Heavy-mineral studies-Virginia Continental Shelf, Virginia Division of

" Mineral Resources Publication 103, p . 13-30.
Marcewicz, F. J., 1969, IImenite deposits of the New Jersey Coastal Plain, in Subitsky,

S., ed., Geology of selected areas in New Jersey and eastern Pennsylvania and
guidebook of excursions : Rutgers University Press, New Brunswick, N . J., p.363-
382 .

Miller, K. G., et al., 1994. Atlantic City Site Report . In Miller, K. G., et al., Proc. ODP,
Init. Repts., 150X: College Station, TX (Ocean Drilling Program) .

Owens, J. P., Sohl, N. F., and Minard, J. P., 1977, A field guide to Cretaceous and lower
Tertiary beds of the Raritan and Salisbury embayments, New Jersey, Delaware, and
Maryland: Washington, D . C., American Association of Petroleum Geologists and
Society of Economic Paleontologists and Mineralogists, 113 p .

Owens, J. P., and Sohl, N. F., 1969, Shelf and deltaic paleoenvironments in the
Cretaceous-Tertiary formations of the New Jersey Coastal Plain, in Subitsky, S .,
ed., Geology of selected areas in New Jersey and eastern Pennsylvania and
guidebook of excursions : Rutgers University Press, New Brunswick, N . J ., p. 235-
278 .

Ries, Heinrich, Kummel, H. B., and Knapp, G . N., 1904, The clays and clay industry of
New Jersey: New Jersey Geological Survey Final Report of the State Geologist, v .
6, 548 p .

Sugarman, P. J., Stanford, S. D., Owens, J . P., and Brenner, G . J., 1994, Bedrock
Geologic Map of the South Amboy Quadrangle, Middlesex and Monmouth
Counties, New Jersey : N. J. Geological Survey unpublished map .

Uptegrove, Jane, Muessig, K. W., Grosz, A. E., Muller, F. L., and Maharaj, S. V., 1993,
Distribution of heavy minerals and gravels in vibracores collected between Absecon
and Barnegat Inlets, New Jersey, MMS Year 7 Final Report, 1993 : N. J. Geological
Survey unpublished report.

4



400 30'

40° 00'

75° 30' 75° 00' 740 30' 74° 00'

Sand S. l.
Hills Rarifan•

Morgan Bay
Sayre & Fisher • `s
South River • ~ • Cliffwood
Sand & Gravel

0 34/9 0
Rt_ 34

Forsgate •
Toto

Philadelphia

Island I
Beach

39° 30'

Q o
0
7..•

Delaware
Bay

39000,

75° 30' 75° 00' 74° 30' 74° 00'

40° 30'

40° 00'

39° 30'

39° 00'

Fig. 1 Sample Location Map



System Formation Member

Tinton

ShrewsburyRed Bank
Sandy Hook

Navesink
Mount Laurel

Wenonah

(n Marshalitown~
0 Englishtown(D
U
M Woodbury
;-+
a) Merchantville
L

V Cliffwood Beds`
Q Mor an Beds
a Amboy
~ Magothy Stoneware

Old Brid e Sand
South Amboy

Fire Clay

Woodbridge Clay
Raritan

Farrington Sand

Fig. 2 Generalized stratigraphic section of study area



Island Beach State Park Corehole
o Lithology Facies

5

medium to coarse sand
nearshore

Gamma-ray log
increasing radiation
--a-

I

medium sand; pebbles on core at top
25 ,; eum1ad - 4.5 ka

fine sand

medium sand ; pebbles on core at top
30

medium sand

medium sand
~, 35
~

coarse sand
medium sand

/d bbl &
w

san w pe es shell fragments
nearshore

•~
coarse to very coarse sand /
pebbles & shell fragments

401

Q _ _-• . g . . . . . . . . . . . . sandy mud with pebbles & shells, bay-inner neritich
45 ~--- '--- Efp i&um biofacies

sandy mud
muddV medium sand

? :coarsesand w/ pebbles & sbellsS~ .:.~„i~im:5*:K3R~'Sa~z~e:

clay w/ Hj S odor

"55 ==
~

clay grading down to sandy mud
sandy mud with pebbles & shells, bay-inner neflde
Elphidium biofacies

. . i :̀a•
lignitelayer - 5 .6 ka

60
•O . . . :. coarse to very coarse sand

dme lum i8n0

mud w/ fine sand

65 = = - " - - p~ludiu
mud
m biofades bay-lnne[ IIeritic_

- - - - -
ebbles
#aMy mud
muddy sand
coarse sand

70 very coarse sand w/ pebbles
. . . . ._ .. . . ., . ... ._ . . , ... . .. :- - - cla w/ 1}2 S odor

um to coarse sand OVerbank
i bpo nt ar•••• . . .• . . le- gravel

/ river channel75 w ooarsesand mmrix

so
I Ki~twood FotmaGon (Miocene) prodelta

Fig. 3 Straigraphic summary of Island Beach State Park oorehole with carbon isotope dates (Modified from Miller and others, 1994) .



Table 1 . Sample Locations

Sample Location Latitude Formation/ Description/
No. Longitude Member Sample Loc.

1 . Toto Bros. 40° 19' 15" Englishtown med. sand with
Monroe 74° 23' 35" 1" clay layers

2. Toto Bros. " Englishtown just above #1
3 . Toto Bros. " Englishtown just below #1
4. Ernston Rd . Pit 40° 27' 20" Magothy- fine sand, micaceous,

Morgan Beds 74° 16' 36" Morgan Beds w/ clay laminae
5. Ernston Rd . Pit " Morgan Beds "
6. Forsgate Pit 40° 21' 20" Magothy Fm . medium sand

740 27' 30"
7. Route 34 Pit 40° 22' 42" Red Bank Fm . medium sand

740 12' 30" Shrewsbury member
8. Route 34 Pit " " "
9. Cheesequake 400 25' 35" Magothy Fm. fine sand with

740 16' 10" Cliffwood Beds int. clay
10. South River Sand 400 25' 28" Magothy Fm. fine-med. sand w/

& Gravel 74° 21' 42" Old Bridge Sand fine lignite
11 . South River Sand " " 20' above 10
12. Sayre & Fisher Pit 400 27' 25 Magothy Fm medium sand

74° 21' 32" South Amboy Fire Clay
13 . Sayre & Fisher Pit " " fine-medium sand
14 . Route 34/ Rt. 9 Pit 40° 26' 16" Magothy Fm . fine-medium sand

740 19' 10"
15. Sand Hills 40° 31' 30" Raritan Fm . medium sand

Perth Amboy 74° 19' 10"
16. Island Beach S.P . 39° 48' 18" corehole location

74° 05' 40"



Table 2 . Textural data

Sample >2.0 1-2 0.5-1 .0 0.25-0.5 0.125-0.25 0.063-0.125 <0.063mm
Number

1 0.4 0.2 2.3 85.6 10.4 0.5 0.5
2 0.4 0.2 3.4 72.2 22.0 1.0 0.8
3 0.1 0.2 5.8 81.6 10.8 0.8 0.7
4 0.04 0.2 0.8 5.0 70.4 11.4 12.1
5 0.02 0.04 0.5 2.4 79.2 13.1 4.7
6 0.6 0.8 3.0 72.5 19.9 2.4 0.8
7 0.8 2.0 7.2 7.3 67.7 17 0.0
8 0.5 2.0 10.4 69.2 16 0.8 1 .0
9 0.6 0.3 0.8 43.6 44.6 5.5 4.5
10 0.7 8.0 81 .1 7.0 2.0 0.6 0.6
11 0 0 2.4 90.1 6.7 0.5 0.2
12 1 .0 0.8 6.8 37.8 44.3 6.1 3.2
13 0.3 6.9 28.3 32.2 28.8 2.2 1.2
14 0.1 0.1 0.8 57.4 36.3 2.5 2.8
15 0 0.2 10 .7 75 .3 10.6 1.9 1 .3

16 Island Beach State Park Corehole

25-30' 3.9 3.2 11 .9 42.8 32.5 2.8 2.9
45-50' 0.7 3.2 22.2 13.8 14 .8 31.5 13.8
60-65' 15 .1 6.8 6.6 13.4 32.7 13.8 11 .6
80-85' 4.6 3.5 3.6 6.1 32.0 17.9 32.4
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