
I;II;tlmH~II' MP7
58a 3tntlt Pe~oSIttig

The Volume of Sand and Gravel
Resources in the Lower Bay
of New York Harbor

H.J. Bokuniewicz

C.T. Fray

~ ch c
~r

i~

//pal $cgl

REFERENCE 79-16SPECIAL REPORT 32



HARINE SCIENCES RESEARCH CENTER

STATE UNIVERSITY OF NEW YORK

STONY BROOK, NEW YORK 11794

THE VOLU$1E OF SAND AND GRAVEL RESOURCES

IN THE LOWER BAY OF NEW YORK HARBOR

H. J. Bokuniewicz

C. T. Fray

December, 1979

Thie etud: eae funded b~ th Pie~ Yovk .",.u Brunt Institute
thnoucJh u contr au t vi th the lieu Yor k Uff'i -e of Hen; ral See vices

and I 9 t he Brute Uni v enei*:i oi .Veu Yank

Approved for DistributionSpecial Report 32

ReferenCe 79-16 J. R. Schubel, Director



TABLE OF CONTENTS

List of Figures

List of Tables.

Acknowledgements

Abstract

Introduction.

Methods

Sources of Information

Surficial Sediment Distribution

Cores and Borings

Seismic Reflection Profiles.

GeOlogy of Surrounding Areas

Results.

Cross � sections

Section AA'A", Fig. 5.

Section BB 'B", Fig. 6.

Volume of Surficial Sand Reserves

Summary and Discussion

References

Appendix..

Parcae

10

12

14

19

21

23



LIST OF FIGURES

~Fs

1
Palate

3Index map of the study area in the Lower Bay, New York Harbor.
Surficial sand deposits in the Lower Bay

Locations of cores and borings included in this project.
of the sand bodies described in Fig. 2 are also shown.....

The positions

Location of the cross-sections. The positions of the sand bodies des-
cribed in Fig. 2 are also shown.....

13

Descriptions of cores and borings in the Lover Bay, 25-34

LIST OF TABLES

PageTable

Stratigraphy of the Lower Bay, blew YOrk HarbOr  after Williams and Duane,
1974! 10

Estimated volume of surficial sand deposits under the lower Bay of New
York Harbor. 20

Cross-section AA'A" from Staten Island to the East Bank, The positions of
the surficial sand bodies are indicated by the appropriate Roman numerals
and LBS  Lower Bay Sands!. Thin vertical lines within the section show
the locations of nearby cores and borings

Cross-section BB'B" from Coney Island to New Jersey. The positions of the
surficial sand bodies are indicated by the Roman numerals, SHBN  Sandy
Hook Bay �uds! and KS  Keansburg Sands!. Thin vertical lines within the
section show the locations of nearby cores and borings.......

Section CC' from Staten Island to New Jersey  after Macclintock and
Richards, 1936!. Thin vertical lines show the positions of borings along
this section.



ACKNOWLEDGEMENTS

We are grateful for the help of K. A. Kastens in preparing this report and for the

cooperation of J, Marotta of the New York Office of General Services, S. J. Williams of

the Coastal Engineering Research Center, Army Corps of Engineers, J. Lovegreen of

Woodward-Moorehouse Assoc., Z. peterac of the New York State Department of Transportation,
and R. Allen from the Bell Laboratories. we would also like to thank Douglas LaTour, who
constructed a three-dimensional model of the core and boring data, and Susan Risoli, who
typed this report

This research was supported by the New York Sea Grant Institute through a contract

with the New York Office of General Services and by the Marine Sciences Research Center of

the State University of New YOrk at StOny Brook.



ABSTRACI

The ShallOw  c 100 1 t.! strati<.;raphy Of the LOWer Bay flOOr WaS

investigated in order to esti. «te the velum<~ of sand and gravel depos-

its under the Lower B<ay. Four types of information were studied.

These were:  I! c'ore and boring ! ogs, �! seisr.ic reflection profiles,

�! the surf icia! sediment distribution on the floor of the Lower Bay,

�! the strati grat>hy in i,ong. Is! and, St aten Island, northern 'New Hersey,

and the !Jew York Bight. In general, marir,e sar,ds overlie glacial out-

wash sands which, in turn, overlie unconsolidated Cretaceous sedLments.

Alonq the margins of the Bay, san<!s ate k> owr! t o rest on fine-grained

deposits at depth; the corposi ti on <> F '..> r< rs <rr!der !ving the surf Lcial

sand deposits in thc'. central nnd caste rn l'a< ! s unknown. Sur Ficral mud

deposits are conf ined pr! r>ari lc t o '!ari tan and

r>ay be as n!uch as 150 feet thz<.k .."an<1 <lenosit

=andi Hook bays. They

s were identifier3 that

have a total volume of. 3, 429 rull; or< cub< e v >rds.

I!JTRODUCTI ON

layers; these are all younger than

136 million years old .

!Jew York Harbor spans two major

geologic boundaries, The first is the

boundary between the ancient crystalline

rocks of the P>.edmont and Ilew England

physiographic province and the geologi-

cally younger, thick sedirrent layers of

the Coastal Plain Province and their

extenSion on the continental shel f. This

boundary is the landward lim> t of the

coastal plain separating the yourg fringe

of coastal plain sediments from the old

continental rocks of the interior of Ilorth

America. The boundary cuts northeasterly

across Staten Island and Long Island, then

under Long Island Sound. To the north and

west lie Triassic and Paleozoic rocks that

are 190 to 570 million years old, and Pre-

cambrian rocks which are greater t.han

570 million years old. To the south an<3

east are the coastal plain sedimentary

The second major geologic boundary

that runs through the Harbor is the !Iarbor

Hill !toraine. This is a ridge of ruixed,

poorly sorted, unconsolidated particles of

all sizes from boulders to fine clay.

This moraine was formed at the edge of the

qre«L ace sheet. durinq the las t, or

iJLSCOner !, gin<. i «L! Or!. Thia mOraine !Or ms

t!.e r;orth< rn l>,>ckbone of Long Island. It

! s breeched by Th<! N;>rrows >n<l concirues

westw«r<i r><.ross Stat.en Isl<an<J, New Jersey,

and beyond . To the nor th <>. t he mora i ne

the terrain has been sculpt«rud direct-ly by

the slowly movinq glaciers «nct Lhe! L'an-

keted with sedimer>ts f ro>!! ra«it inn

These sediments arc. call< d 9!«ci,>l t i! '

typically contain not only sand an! !r av<.I,

but also larqe ro<.k fragments and bo:>! Her s

as wall as silt. and clay, South of the

moraine, however, thick layers of sands

and gravel were deposited by str<!«ms that

drained the melting icc.. These deoosits

are cr>! led outwash sand and the sand grai ns

in the outwash sands are more uni.orm in

size. Boulders that could not be carried

by st.reams were left. north of the morarne

and ver; fLne-qraLned silts and clays werc,

. or Lire most part, washed out to sea. Be-

cause so much of thc. world's water wa

Frozen ! n the huge, glacial ice caps, sea

leve! at that time was much lower than it

is to!«y. The outwash sands were deposited

far out or> what is now the continental

shc lf . The area that is today coverecl by

the Harbor was then ciry land crossed by twist-

i ng st.reams tha t pre<!ate the kiud son River .



The glaciers began their retreat to

the north about 15,000 years ago, and the

ancestral Raritan and Hudson rivers wound

their way across the outwash plain that

would become the floor of the Lower Bay.

As the ice melted, sea level rOse. The

sea invaded the Lower Bay and the slow

submergence of the continent > s continuing

today. When the Bay finally becurrre an arfir

of the sea, waves and tidal current set

to work reshaping the shoreline and thi

Bay floor. The grOwth of Sandy Hook

one of the most im >r r>ssive alteration

Sanders �974! and Lhe author s of the

other geological papers ref ere>iced in this

re >ort give the details of the geoIogical

history of the study area.

port.

The glacial outwash sands th,it are

submerged beneat.h the Lower Bay are

valuable, natural. resource, Sar>:I and

gruvel are needed fr>r construct~on aggre-

gate, landf ill, and beach nourishment arid

it appears that as sand reserves are de-

pleted on land, our off shore resources

will need to be further developed to avert

serir>us shortages  Cruickshank and Hess,

1979! Offshore sands have been mined in

New Jersey, Rhode Island, and California

as well as in New York. About 90 million

cubic yards have been removed from the

floor of the Lower Bay already  Kastens,

Pray, and Schubel, 1978! and it is esti-

mated that an additional 34 million cubic

yard - .will be needed over the next five

years  J. �arotta, New York Office of

General Services, personal communicat'ion!

This report is part of a larger Study

of sand mining in the Lower Bay of New York

HarbOr  Fig. 1! . Other report.s in this

series include Kastens, Fray, and Schubel,

1978; Swartz and Brinkhuis, 1978; Jones,

Fray, and Schubel, 1979; Bokuniewicz,

1979> Wong and Wilson, 1979; Kinsman,

Schubel, Carroll, and Glackin-Sundel1,

1979. The purpose of this report is to

describe the general vertical distribution

of sediments in the Lower Bay in order to

guide future exploration and the management

of our submarine sand resources. In this

report we will map out the extent and dis-

tribution of both mud and sand using sur-

ficial sediment maps, seismic reflection

profiles, and cores and borings. To the

extent possible, we will describe the

layers of sediments under the Bay floor

and indicate some specif ic problems that

remain to be studied.

MB THOD S

When describing the geology of a re-

gian, the usual convention is to begin

with the lowest  i.e., oldest! stratum

and work upward. We will not use this

geological convention in this report,

liowever, because it is designed to evaluate

potentia I mining areas and, as a result,

we are most interested in the surficial

layers We will, therefore, begin with a

description of the uppermost, youngest,

and most well-known layers, and then dis-

cuss the underlying strata. Our investi-

r!ation of the subsurface is limited to a

depth of about 100 feet because �! this

is probably the maximum depth to which

dredging is practiced, �!core and boring

samples rarely extend to depths greater

than 70 feet, and �! the most prominent

subsurface features that can be detected

seismically are usual.ly seen above at 130

feet, and only in a few places can any

structures be detected below this depth

 KastenS, Fray, and Schubel, 1978! .

There are four tvpes of information

used in this report. These are:

�! the surf icial sediment distribu-

tion on the floor of the Lower Bav,

�! the records of cores and borings

that have been recovered in the LOwer Bay

floor,

�! seismic reflection survey lines

that have been run in the Lower Bay,

�!geologic reports of the areas

surrounding the Lower Bay, i,e., Staten

Island, western Long Island, northern New

Jersey, and the New York Bight.

After a brief discussion of the
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quantity, quality, and limitations of each

of these sources, we will describe the

vertical distribution of sediments under

tho Bay floor using generalized croSs-

sections and then estimate the volumes of

material present in each of the sand bod-

ies identified in the Bay.

Sources of lvforrnatr'.on

surficial sediment Distribution

Kas tens, Fray, and Schube1 �978!

have described the sediment types over the

entire Bay flOOr; and JOneS, Fray, and

Schubel �979! have made a more detailed

exami na tion of the eastern Bay. The

latter report identified 25 sand and mud

bodies  Fig. 2! . In Raritan Bay, four

major sedimentary regions were first de-

fined by Nagle �967!; these sediment

bodies are called the Sandy Hook Bay suds,

the Vest Raritan Bay Muds, the Keansburg

Sands, and the Lower Bay Sands, Using the

additional data from Kastens, Fray, and

Schubel �978! and unpublished data from

Bel!. Laboratories  R. Allen, Bell Labora-

tories, New Jersey, pei-sonal communication!,

the boundaries of the sedimentary regions

ir, Raritan Bay have been modified and in-

cluded On Fig. 2. An additional minOr

sand body, the Ward Point sands, has been

added at the southern tip of Staten Island.

The outlineS Of these sediment badies are

included on all subsequent figures for

reference,

Co *s»d ~BQ

Man! cores and borings have bean

taken in the Lower Bay by other investiga-

tors, These samples were usually less

than 70 feet long.  Depths, or elevations,

are given with respect to mean sea level.!

The quality of the descriptions varies

greatly and the distribution of sites is

not uniform. Furthermore, because the Bay

floor has been shaped by wandering rivers

and tidal flows, the sediment types change

over very short distances, Often two

cores less than one mile apart show a dif-

ferent sequence of layers and, over large

distances, correlations can only be done

with coarse, general divisions.

The records used in this study are

from five sources. These are:

 l!A series of 21 borings made along

the New Jersey coast  U.S. Army Corps of

Engineers, 1962!. The maximum penetration

was to a depth of 40 feet and the sedi-

ments were described by grain-size classes.

�!A series of 12 borings taken along

the Staten island shore  U. S. Army Corps
of Engineers, 1964! . The maximum pene-

tration of these was 95 feet and the layers

were described by grain-size classes.

�!A collection of 33 cores and

borings compiled by K. Kastens �4arine

Sciences Research Center, personal commu-

nication!; the locations, sources, and

descriptions of these samples are given in

Appendix I. These samples typically

reached to a depth of about 50 feet but

some were much deeper. The maximum depth

was 105 feet.

�! A transect of test borings that

was made for a proposed bridge between

Conaskonk, Hew Jersey and Seguine Point,

Staten Island. These were recovered in

1930-1931 and discussed by MacClintock and

Richards �936, p. 315! . They are also

described in a report by Fray �969! that

gives the grain-size class and the color

of the sediments. The deepest boring

reached � 180 feet through 155 feet of

sediment.

�!A series of borings taken along

or near the Naval Weapons Station Farle

Piers  as reported by the Northern Divi-

sion, Naval Facilities Engineering Com-

mand, 1979! . These were described by

grain-size class and color, The silts and

clays were also described as "soft," "very

soft," "sticky" or "very sticky." The

longest boring reached to � 50 feet but

they were typically 20 feet long.

The location of these cores and

boringS are ShOwn in Fig, 3.

Seismic Reflection Profiles

Three series of seismic reflection

profiles have been made in the Lower Bay.

The most extensive survey was conducted by



the Marine SCiences ReSearCh Center and

has been reported by Kastens, Fray, and

Schubel �978! . This consisted of 92

n. miles of tracks mostly in the eastern

part of the LOWer Bay. Additional traCks

were done by E G 6 G Incorporated  Sieck,

1965!. These run eastward across Raritan

Bay tO ROCkaway Point and up the AmbrOSe

Channel. The third series was done by

CERC  Williams and Duane, 1974!. For the

present study a cursory examination was

made of all these records but only the

most suitable weze examined in detail.

It must be remembered that subsurface

structures seen by the acou.stic instru-

ments are reflecting interfaces that mark

the boundaries between two layers of

different acoustic impedance. Acoustic

impedance is the product of the density of

the sediment and the velocity of sound in

that sediment. Changes in the acoustic

impedance often occur between sediment

layers of different types. The structures

seen with the seismic equipment are called

"reflectors," "acoustic horizons," or,

simply "horizons." In this report, promi-

nent reflectors will be interpreted to

show changes in the sediment type. It

must be remembered, however, that all the

reflectors seen with the seismic equipment

may not correspond to changes in the sedi�

ment type as recognized by direct sampling

nor may each change in sediment type be

detected as an acoustic reflector.

In some areas, deep reflectors are

hidden under sediment layers that the

sound signal is unable to penetrate. such

acoustically opaque layers may be gaseous

muds or very strongly reflective inter-

faceS. ThiS iS the case, for example,

very near the sediment-water intez face.

The instrument is theoretically capable of

resolving layers about 1.5 feet thick.

The reflection of the signal off the sea

floor, however, is so strong that it ob-

scures any layering that may exist within

several feet of the surface. Dredged

areas or dredged spoil deposits are exam-

ples of surfaces that are often acousti-

cally opaque. Penetration into the Bay

floor is typically less than 170 feet and

discrete reflectors are rarely continuous

for more than a mile  Kastens, Fray, and

Schubel, 1978! . To interpret the recox'ds

it is necessary either to associate a par-

ticular reflector on the records with a

change in sediment type in a core or

boring or to trace a reflector to where it

outcrops at the surface and sample it di-

rectly. Because of the discontinuous na-

ture of the reflectors observed in the

Lower Bay, this can be done in only a few

places in the Bay. Furthermore, the

quality of different records made in the

same place is often very different because

of changes in the instrument settings, the

sea state, or the towing configuration.

Geolo of Surzoundin Areas

Although many excellent investiga-

tions have been done, six publications were

found to be most useful for this report.

These are Minard �969!; MacClintock and

Richards �936!; Perlmutter and Aznow

�953!; Richards, Olmsted, and Ruhle �962!;

'Williams and Duane �974! r and Suter,

deLaguna, and Perlmu.tter �949!, All of

these except Williams and Duane discuss

the stratigraphy of those areas of New

York and New Jersey bordering the Bay.

The geology has been determined by surface

mapping supplemented with the study of

well logs and, in the case of Minard �969!,

borings along Sandy Hook. Williams and

Duane �974! studied the sediments in the

New York Bight using seismic techniques

and cores. The comparative stratigraphy

of northern New Jersey and western Long

Island was summarized by Williams and

Duane and zs repeated here  Table 1! .

RESULTS

We will begin by presenting three

interpreted sections through t: he floor of

the Lower Bay  Fig. 4!. Two of these

 AA'A" and BB'B"! are baSed primarily on
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Table 1. Stratigraphy of the Lower Bay, New York Harbor
 af ter Williams and Duane, 1974!

Northern
New Jerse

Western
Lon ISlandPeriod E och A e Years!

�2.0 x 10 3Holocene Silt and re-
worked allu-
vial detritus

Quarternary Silt and reworked
glaciofluvial de-
tritus

1.5 x 10 6Pleistocene alluvial sand
and gravel

Cape May Sand*

pliocene

Miocene

Paleocene

Tertiary Cohansey Sand

Vincentown
Sand

Hornerstown
Sand

75.0 x 10 6 Tinton Sand

Red Bank Sand

Navesink Sand

Cretaceous Upper
Cretaceous

Mt. Laurel
Sand

Wenonah Sand

Marshalltown
Sand

Englishtown
Sand and Clay*

WOOdbury Clay

Merchantville
Sand

Magothy sand* Magothy Sand*

Raritan Clay*

Lloyd Sand

Perlmutter and @»now �953! . The onland

part of ~ 'a" is based on two well logs

and the interpretation of these logs by

Perlmutter  Perlmutter and Arnow, 1953! .

The locations of the wells are labelled

63 and 56 on Figs. 3 and 5. On Staten

Island, a thin soil layer is underlain

by a layer of red sand about 8 feet thick.

The Bay floor along the western shore of

Staten Island to a depth of about 8 feet

probably is composed of this sand. Below

this layer is a layer of fine-to-medium

Sectron AA'A", Fi . 5

sand about 25 feet thick. The fine-to-

medium sand layer becomes progressively

10

6,0 x 10
6

17.0 x 10 6

60.0 x 10

"S ecificall referred to in this re ort

two seismic reflection profiles of Kastens,

Fray, and Schubel �978!, These records

have been supplemented with reco»ds of

nearby cores and borings, records of adja�

cent or intersecting seismic reflection

profiles, and the onshore stratigraphy.

The third section  CC'! was draw~ by

MacClintock and Richards �936! from the

records of borings between Conaskonk, New

Jersey and Seguine Point, Staten Island.

This section begins at A on Staten

Ialand. IS overlapS a geOlagical cross-

section through Staten Island given by

Harbor Hill

Glacial Till

Ronkonkoma

Glacial Till

Gardiners Clay*

Jameco Gravel*
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thinner seawardly, and its upper surface

Eozms the Bay floor aut to a distance of

about 1.4 n. miles at which point it

grades into a 1ayer of medium sand about

30 feet thick. These two sand bodies com-

prise the Lower Bay Sands. Under staten
Island, the fine-to-medium sand is under-

lain by brown ar reddish brown, coarse

sand and gravel that are about 25 feet

thick. This sand and gravel has been

identified as glacial outwash sand by
Perlmutter and Arnow �953! . To the east,
the outwash sand layer underlies the Lower

Bay Sands and achieves a maximum thickness

of 85 feet about 3.5 n. miles offshore.

At this point it apparently outcrops to

form a small section of the Bay floor in

the No. XV Sand and it is subdivided into

two layers, a layer of fine-to-medium

sand overlying a layer of coarse sand and

gravel. Two layers are seen as acoustic

reflectors on the seismic profile and the

composition of these layers is inferred

from Care 22 which shows a thin layer of
gray  marine! sand over brown sand which

caarsens downward. The outwash sands

overlie cretaceous sands, silts, and clays

of the Raritan Formation under Staten

ISland. The surfaCe of the Raritan

slopes to the east, A reflecting horizon

seen bet:ween 0.6 and 1,6 n. miles offshore

at a depth of 85 to 105 feet may be the

top of the Raritan under the Bay floor.

Further to the east the position of the

Raritan has been inferred fram the inter-

polatian of the contours of the Raritan

surface under Staten island  Perlmutter

and Arnow, 1953!, undez' New Jersey

 Richards, Olmsted, and Ruhle, 1962! and

under Long Island  Suzer, deLaguna, and

Perlmutter, 1949! . Romer Shoal  No. Xvll

Sand! is made of medium-to-fine sands.

Core 8 showed no changes in sediment type,

at least ta a depth of 61 feet, and the

first acoustic reflector is at -82 Eeet.

This hori zon is the top of a layer labelled

"gamma"  t! on Fig. 5. The composition of

this layer is not known but it may be

clay  the Gardiners Clay?! . The identifi-

cation of y is, unfortunately, uncertain
and it will be discussed in more detail

later in t.his repart. The lower boundary
of   corresponds to the location of the

top of the Magothy I ormation as inferred

fram the onshore stratigraphy.

Bast of the Ambrose Channel, the Bay
floor is composed of the top of a layer of
marine sands about 66 feet thick. This

layer becomes more coazse to the east and

is penetrated, but. not interrupted, by
subsurface mound of coarse, brawn sand and

gravel. This mound comes ta within 17 feet

of the Bay floor and is not only evident On
the seismic records but also is seen in

the bottoms of Cores 9, 11, 12 ?!, 29, 30,

31, 32, 33, and 34 which are within thzee-

quarters of a mile north of the section.

The acoustic horizons seen below the mound

and immediately to the west are unidenti-

fied. These two subsurface layers  a and
8! will be discussed later.

Section BB'B", I'i . 6

This section starts at 8  Fig. 4! an

Coney Island. There is only one deep well

record available on Coney Island but from

other well logs in Kings County, Suter,

deLaguna, and Perlmutter �949! have con-

structed contour maps of the surfaces of

the major geologic formations. These show

glacial sands to a depth of 144 feet over-

lying the Gardiners Clay that, in turn,
sits on the Jameca Gravel at � 190 feet.

Offshore we find a layer of. qray fine sand

 No. I Sand! reaching a maximum thickness

of 48 feet. The seismic record is ob-

scured just north of the Ambrose Channel

but, based on cores 29 and 30, we infer

that the gray sands overlie brown sands

and gravels and that the surficial layer
thins to a thickness of less than 15 feet

by the time it reaches the Channel. On

the seismic record the top of the Gardiners

Clay is seen briefly at � 148 feet near the

Coney Island Shore, The nature of the

sediment between the top of the Gardiners

Clay and the bottom of the outwash sands

and gravels at -59 feet is unknown. The

horizon interpreted as the top of the

12
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Gardiners Clay disappears on the seismic

record and is replaced about 1.4 n, miles

offshore by a strong reflector that rises

sharply from depth to a level of about

-115 feet. This is the top of the y

layer. This reflector COnti~ues tO the

Raritan Channel rising slightly. No other
structure is seen above it. This implies

that the surficial, marine sands achieve

a thickness over 80 feet in some places

between the Ambrose and Raritan channels,

The subsurface structure seen just north

of the Raritan channel remains unidenti-

fied.

There are no seismic records

available between B' and B". This part of

the section is inferred from the layering
found in Core 27 and interpreted by Minard
�969!, the borings along the Naval Weapons
Station Earle Pier  Northern Division,

Naval Facilities Engineering Command,

1979!, the contour maps of the surfaces of
geologic formations in New Jersey
 Richards, Olmsted, and Ruhle, 1962!, a

section through the length of Sandy Hook

done by Minard �969!, and the section

CC'  Fig. 7! from MacClintock and RiChards

�936! . The section CC'  Fig. 7! shows a

very thick deposit of marine mud, filling

a trench about 1 mile south of Staten

Island. This tr'ench was evidently exca-

vated by the ancestral Raritan River be-

fore the Bay became an arm of the sea

 MacClintock and Richards, 1936! . The

valley was subsequently filled with muds,

which have also accumulated to a thickness

of 10 to 15 feet over the bottom of the

Bay outside of the ancient channel. The

location of this filled channel further

eastward is unc:.rtain. The muds at, or

very near, the Bay floor are acoustically

opaque; the type of reflection seen on the

seismic records through this area is

usually identified with gaseous sediments

and may be buried or submerged marsh

deposits. Core 5, however, shows mud to

a depth of at least 69 feet which suggests

that it was taken near the axis of the

buried channel. Under Sandy Hook, about

midway along its length, two mud bodies are

found  Minard, 1969!. These deposits are

about 10,000 years old and they lie at

depths of -100 and -131 feet. On the

ocean side of Sandy Hook, the Highland

Channel extends in a southwest orientation

from the midpoint of Sandy Hook. This
channel appears to be the remnant of the

ancient Raritan River  Williams and Duane,

1974! . It seems likely that the mud de-

posits under Sandy Hook are remnants of the

mud infilling of the ancient channel that

have subsequently been eroded and overlain

with the beach sands of Sandy Hook. It
seems reasonable, therefore, that the Sandy

Hook Bay MudS and the West Raritan Bay Muda

mark the position of the buried channel and

that these muds can be expected to be be-

tween 100 and 160 feet thick. South of

the inferred position of the old Raritan

River valley a thin layer of mud overlies

the sands of the Keansburg sand body which

appears to be about 35 feet thick at Core

27 overlying Cretaceous clays  Englishtown
Formation, Minard, 1969!.

Volume of Surficial Sand Reserves

Based upon the data and the inter-

pretations presented in the cross � sections,

the volumes of each sand body on the Bay

floor may be estimated. Some of the de-

posi ts described by Kastens, Fr'ay, and

Schubel �978! lie outside of the study

area of this report. Within the study

area, the estimates in some places will be

better than in others because the informa-

tion is not uniform either in extent or

quality. Nevertheless, the detailed esti-

mates presented here are the best available

at this time.

.'lo. I Sana. This sand deposit covers

an area of 2,680 acres. This deposit is

penetrated by three cores �9, 30, and 31!

AlthOugh the NO. I Sand is deSCribed as

medium sand, the cores show medium-to-

coarse sand. The seismic reflection pro-

files through the area show a homogeneous

surficial layer 36 feet thick reaching a

depth of about 52 feet below sea level.

The total volume of sand in this deposit is

14
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then 156 million cubic yards. Under this

deposit there is a layer of brown, coarse

sand and gravel 20 feet thick extending ta

a depth Of 72 feet. From here to the

buried surface of the Gardiners Clay at

about -148 feet is an acoustically homo-

geneous layer  a! which may also be sand

and gravel. Under the southern part of

the No. I Sand, the a layer lies upon the

y layer at -115 feet,

.Vo. II Sand. There are no coreS

available in this area of fine sand. A

seismic profile through this area suggests

that the subsurface structure is similar

to that under the No. I Sand  Kastens,

Fray, and Schubel, 1978!. Fine sand

would, therefore, be found from the Bay

floor  -16 feet! to about -52 feet, a

thickness of 36 feet. The area of this

sand deposit is 2,960 acres, so that the

volume of sand contained here is 172 mil-

lion cubic yards. This sand body sits an

a layer of brown, coarse sand and gravel

about 5 feet thick. The top af the sand

and gravel layer lies at -49 feet in the

north and at -59 feet in the south under

the Vo. II Sand. Sands and gravels would

probably be found ta a depth of about

-150 feet where the top of the Gardiners

Clay is likely ta be found.

,Va. Ill Sand. The No. I Sand grades

to the south into a deposit of fane sand,

the Na, III Sand, This deposit covers an

area of 1,250 acres. It is sampled in

five cores  8, 10, 11, 29, ana 33!. In

the north and west of the Na, III Sand,

fine sand apparently is found from the

Bay floor at -16 feet to a depth of about

85 feet. In the south, the water depth

increases to 66 feet and the sand layer

is only 20 feet thick. The eastern edge

of this deposit overlies a mound of brown,

caar.se sand and gravel  Fig. 4!. The

thickness of the surficial fine sand de-

posit is about 23 feet thick over the

peak of the mound. The typical thickness

of the No. III Sand is about 40 feet,

hence the total volume is 81 million

cubic yards.

Sa. IV S«nd. The No. IV Sand lies in

Rockaway Inlet. The seismic reflection

profiles over this area are poor although,

in places, a horizon at -130 feet. can be

seen  Gardiners Clayg! . TWo coree �2 and

13! were taken in this deposit and each

shows several thin layers of sand, silty

sand, Silt, and gravel  see Appendix!.

Because of this complicated layering more

detailed information would be needed in

order to estimate the volume of the surfi-

cial deposit.

Va Sand. The No. Va Sand lies

at the end of Rockaway Point. No cores

were taken here and the seismic reflection

records are of poor quality. On the re-

cords, however, it appears that the bot-

tom af the surficial layer lies at a

depth of 66 feet in the north and drops

regularly to � 100 feet in the south. The

average thickness is about 30 feet. The

No. Va Sand has an area of 1,200 acres

and, therefore, its volume is 58 million

cubic yards. On some sections of the

seismic reflection profile through this

area, a reflector is seen at about -165

feet; this may be the top of the Gardiners

Clay.

Naa. Vb, VI, VII, VIII Sand . These

four sand bodies lie outside of the study

area. The subsurface structure was not

investigated and no volume estimates were

made here.

/r'a. IX Sand. No cares were available

in this sand body. The seismic profiles

through the area show that this layer of

fine sand and mud has an average thick-

ness of 44 feet; its bottom boundary lies

at -74 feet in the north and about -92

feet in the south. The No. IX Sand covers

an area of 1,420 acres and has a volume of

abOut 101 milliOn CubiC yardS. The compo-

sition of the sediments below this layer

is not known. The buried surfaces of the

e and y layers lie at about -85 and -120

feet respectively.

O' . X Sand, This fine-to-medium sand

makes up the floor of the Ambrose Channel.

The seismic reflection profiles show the
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channel floor to be covered with large

underwater dunes or sand waves. These

may be over 6 feet high. They are asym-

metric with their steep slopes facing

up-channel toward New York city. Since

the Channel has been dredged, these bed-

forms indicate present-day tidal transport

of sand into the Bay. The No. X Sand

covers an area of 1,425 acres and the

typical thickness of the surficial layer

is about 30 feet thick. The total volume

in this deposit is, therefore, about 69

million cubic yards.

1 o. XL sana, This layer of fine sand

is adjacent to the Ambrose Channel and

the subsurface structure disclosed in the

seismic records  fastens, Fray, and

Schubel, 1978! suggests that it may be a

sand deposit that has infilled an older

channel. In the south of this area, the

No. XI Sand fills a trough that extends to

a depth of 87 feet. The average thickness

is 30 feet but the thickness ranges from

22 feet in the north to 54 feet in the

south over the subsurface trough. The

No. XI Sand covers an area of 570 acres

and has a volume of about 28 million cu-

bic yards, This surficial layer may be

underlain by another layer of sand, but

no core samples have been taken. In Core

28 just to the west of the No. XI Sand,

clay is found at a depth of -49 feet.

This clay may extend at depth under the

No. XI Sand.

/Jo�. Xl l, XL I l, and XVZ irruds. These

pockets of mud are found on the floors of

dredged cits. Thin layers of marine mud

have accumulated naturally in Areas XII

and XIII. In Area XII the mud is about

1 foot thick. It is about 3 feet thick in

Area XIII  Bokuniewicz, 1979!. Areas XII

and XIII cover 93 acres and 1,025 acres

respectively, so that the total volumes

of mud are 0.15 million cubic yards and

5 million cubic yards. These pits have

been mined into the Lower Bay Sands which

probably lie immediately under the mud

layers. The No. XVI Muds are, in part,

dredged sediments that have been used to

backf ill a dredged hole. Mud has probably

also accumulated naturally here to a thick-

ness comparable to that of Deposits XII

and XIII, The floors of all. of these

mined pits are opaque to the seismic sig-

nals and, as a result, the subsurface

structure cannot be seen. There is,

however, seismic evidence to suggest that

the clay layer found in Core 28 extends

under the No. XII Mud at a depth of about

50 feet, Dredging operations in the area

uncovered mud at about this depth  James

Harotta, New York Office of General Ser-

vices, personal communication! . The

southern extent of this clay layer remains,

however, undetermined..

Ão. XIV or the Lover Barr Sundrr. The

Lower Bay Sands cover an area of 12,880

acres. Further sampling would probably

show that this area could be subdivided

into smaller distinct sand bodies, Near

Staten Island, a layer of fine sand is

found with an average thickness of 27 feet

and farther to the east there is a layer

of medium sands about 24 feet thick. These

thicknesses are based on the seismic re-

flection profile that was used to construct

the cross-section AA 'A". They do not

account for variations in the section to

the north and south. The seismic records

parallel to the Staten Island shore are

poor and no definite trends were identi-

fied, If the typical thickness of the

composite sand body is taken to be 26 feet,

the volume of both fine and medium sand in

this deposit is 540 million cubic yards.

Under the surficial layers, there is a

wedge of outwash sand that thickens to the

east. The outwash sand apparently sits on

top of the Raritan Clay. The Surface of

the Raritan Clay is at a depth of about 82

feet in the west of the area covered by

the Lower Bay Sands and at 115 feet in the

east.

iVo. XV Sand. The subsurface wedge of

brown outwash sand under the Lower Bay

Sands outcrops to form part of the No. XV

Sand. These are fine sands which coarsen

downward. The average thickness is 79 feet

17



here and these sands presumably lie on

Cretaceous sediments  clays? ! at a depth

of 115 feet.. The area of the No. XV sand

body is 1,000 acres and the total volume

is 127 million cubic yards.

,Vo. XV'I Sand. This sand deposit

makes up Romer Shoal. Core 8 penetra tee

the Shoal and shows a uniform sand layer

throughout its length. The Shoal appears

to be a single sand deposit about 60 feet

thick, It covers an area of 2,510 acres
and has a volume of 243 million cubic

yards. It sits on the I layer at -85 feet.

Ic. XVIII i'fads. These muds lie on

the bottom of the Swash Channel. No cores

were taken here and the seismic records

are poor. It is likely that the mud is a

thin blanket that has accumulated in the

Channel over medium sands as are found at

the Bay floor both north  No, XVII Sand!

and south  No. XIX Sand! of the No. XVIII

Muds. The bottom of the sand layer is at

-89 feet overlying the y layer. The area

of this deposit is 1,025 acres and it

has a thickness of about 64 feet. If the

mud layer is, in fact, very thin, the

volume of medium sand under the Swash

Channel i.s 106 million cubic yards.

A'o. XIX Sand. This is a deposit of

medium sand although Core 17 which pene-

trates this deposit shows a layer of silt.

This layer probably indicates a transition

zone between the No, XIX Sand and the

Sandy Hook Bay Muds. The exact location

of the boundary between these two deposits

might be expected to vary. The layering

seen in the cores is not discernible in

the seismic reflection records. The

seismic profiles show that the surficial

sediment layer has a mean thickness of

52 feet extending to a depth of 85 feet in

the north of the No. XIX Sand and 50 feet

in the south where it is thinner. This

deposit covers an area of 1,720 acres

and has a volume of about 144 million

cubic yards. Most of this volume is

likely to be medium sand.

iVa. XXa Sand. The XXa Sand has been

included in the Lower Bay Sands. Cores

taken in this area  Nos. 7, 23, and 25!

show a surf icial layer of f ine sand 8 to

11 feet thick. The layering is complica-

ted, however; Core 7 shows a layer of

clay, as well as sand and pea gravel,

and clayey gravel. This probably indicates

that the area is one of transition between

the dif ferent types of sediment around it.

In general the fine sands are expected to
lie on brown sands and gravels  for exam-

ple, Core 25! . The seismic records show

the average thickness of the surficial

layer here to be about 25 feet. This is

consistent with the thickness of the Lower

Bay Sands measured farther to the north.

A'a. XXb Sand. The XXb Sand lies at

the point of Sandy Hook. There is no

core or seismic data from this area, but

-Hinard�969! expects a thick layer of

"beach sand" to be found here. His gener-

alized section alOng Sandy Hook ShOws sand

to a depth of 160 feet. The XXb Sand

covers an area of 1,700 acres. If its

average thickness is 140 feet, the volume

of this deposit is 439 million cubic yards.

f/a. XXI Sand. There are no seismic

reflection tracks across this sand body

and the only core �8! that penetrates this

deposit is very short. Core 18 shows an

8 foot thickness of medium-to-coarse sand

over a 2 foot layer of silty sand. More

medium sand was found under the silty sand

at the bottom of the core. The area of

this deposit is 2,975 acres. If it is at

least 8 feet thick, the total volume would

be 38 million cubic yards.

kas. XXII and XXIII Sands. The ver-

tical extent of these deposits is expected

to be similar to the thickness of "beach

sand" under sandy Hook as inferred by

Minard �969! . Minard's section shows this

layer of sand to reach a depth of 190 feet

just north of Sandy Hook; typically the

thickness is about 140 feet. The Nos.

XXII and XXIII Sands cover 3,465 and 510

acres respectively and, therefore, should

contarn 783 million and 115 million cubic

yards. Minard �969! encountered clay

pockets at depth midway along Sandy Hook,

18



and clay may underlie the No. XXII Sand

in the vicinity of the Highland Channel.

,Vae. XXIV and XXV Sanda. TheSe Sand

bodies lie outside of the study area of

this report and no estimates of their

volumes will be made.

Sandy Hark Bay htude and the Vast
Rari tan Bay A'ude. As discussed

earlier, these muds have probably been

deposited in an ancient channel of the

Raritan River. The mud layers should be

expected to be very thick �50 feet! along

the axes of these deposits with thinner

layers along the edges. This layer of

marine mud overlies the red sands of the

Cape May Formation under Raritan Bay. Un-

der Sandy Hook Bay it overlies a pebbly

sand  Cape May Formation' ?!.

Xeansburg Sanda. This sand body

follows the New Jersey coast and it has

been sampled by many short cores. In some

places, cores show this sand deposit to

be at least 23 feet thick. The sand is

often found interlayered with mud. The

Keansburg Sands probably have an average

thickness of about 14 feet, but this

value is interpolated from the generalized

cross-sections and has not been verified

with cores or seismic reflection profile.

The Keansburg Sands cover an area of 8,815

acres. If the thickness of this deposit

is 14 feet, its volume would be 199

million cubic yards.

Vary Pain+ Sand. This sand body

covers an area of 1,440 acres at the

southern tip of Staten Island. It is

probably a thin layer extending from

Staten Island Over the Raritan Bay Muds.

The borings along Section CC' show such a

sand layer about 13 feet thick. If the

Ward point Sand has the same thickness,

its volume is 30 million cubic yards.

SUMMARy AND DISCUSSION

Table 2 summarizes the areas, the

probable thicknesses and the estimated

volumes of the eighteen surficial sand de-

posits in the Lower Bay. These sand de�

posits have a total volume of about 3,429

million cubic yards and there is undoubted-

ly more sand and gravel below these layers.

In some areas the bottoms of the sand and

gravel deposits have been identified. Un-

der the north and east part of the East

Bank, the sand deposits lie on the

Gardiners Clay and the thickness of the

sand deposits is limited to about 117 feet

 Kastens, Fray, and Schubel, 1978!, Sea-

ward of Staten Island the sands extend to

the top of the Raritan Formation, and the

sand reserves therefore have a thickness

of 62 feet near the Staten Island shore and

probably over 100 feet farther offshore.

In the northern part of the West Bank,

sand sits on a clay layer at -49 feet; and

near the New Jersey shore in Sandy Hook

Bay, Sand and graVel layerS OVerlie Sandy

clays of the Fnglishtown Formation at a

depth of 66 feet. Future investigations

should better define the extent and sub-

surface topography of these clay deposits.

In the center of the Lower Bay, sand

layers overlie three unidentified layers.

These are called a, 8, and y on the cross-

sections  Figs. 5 and 6!. On section

BB'B", the a layer overlies the Gardiners

Clay in the north. No extensive clay

layers have been described in this area

above the Gardiners Clay, and u is most

likely composed primarily of sands and

gravels. Hear point B', the 8 layer

appears under the surficial sands. It

infills an irregular topography below it.

This layer may be the northward extension

of the coarse sediments found in Core 27,

and it iS passibly the Cape May Sand, It

is also possible, however, that it is a

clay layer, perhaps a remnant of the muds

which infill the old Raritan River valley.

Both the a and 8 layers overlie y. Hear

Coney Island the surface of y is approxi-

mately at the same level as the Gardiners

Clay. It is not continuous with the

reflector that had been identified as the

surface of the Gardiners Clay. Based on

fragments of seismic records to the east

and west of the BB'B" section, we believe
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Table 2. Estimated volumes of surficial sand deposits under
the Lower Bay of New York Narbor

Deposit
~ P' . 21

Thick ne ss
 Feet!

Volume
 Millions of Cubic Yards!

Area
 Acres!D~SCr 1

medium sand 2,680

2,960

1,250

1,200

1,420

1,425

36 156

36 172

81
Va 30 58
IX 101

30 69
XI 570 30 28
LBS 12,880

1,000

2,510

26 540
XV 79 127
XVI I

XVZIZ
60 243

1,025

1,720

1, '700

106
XZX 144
XXb 160 439
XXZ 2,975

3,465

510

38
XXI I 140 783
XXIII 140 115

8,815

1,440

199KS 20

13 30

3,429TOTAL

fine sand

fine sand

medium sand

f ine sand and mud

f ine-to-medium sand

fine sand

fine and medium sand

fine � to � very � fine sand

medium sand

medium sand �!

medium sand

fine sand

medium-to-very-coarse sand

medium sand

fine sand

that the Gardiners Clay pinches out and is

replaced by y. The composition of y, how-

ever, remains unknown, and it should be

the subject of future studies.

Sand and gravel resources under the

Lower Bay are plentiful. The total

resource, however, is not available to be

exploited. There are many reasons for

this. FirSt Of all, the Bay is a diverse

resource and there are many conflicting,

but equally important, uses of this

resource, Submarine mining must coexist

with shipping, f i shing, recreational

boating, and other activities. Mining

must be carefully controlled to insure

that it does not have a significant

adverse effect on the environment; mining

too close to the shore, for example, might
aggravate shore erosion. The amount of

sand and gravel that is available to be

mined is also limited by the ouality of

the sedirrent. The subsurface information

is not adequate to say how much of the

total resource is usable for a specific

need. Further exploration and study is

needed to establish acceptable mining
zones and regulations.
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APPENDIX

CORES AND BORINGS IN THE LOWER BAY OF NEW YORK HARBOR

Com2Ii 2ed bP K. A. Ã~ate~s

LOCATION OF CORES

Original
Core No.

Report
Core No. Latitude tarot d

74 14'04.80"W

Source

243 40'28'02.37" Sieck, 1965. Boring by
McClelland Engineers,

~ I15

5 1/2

45

190

363

162

328

10 148

77

12 143

13 610

14 460

1/2 38-8715

Fray, 1969. Also repor-
ted in Williams and
Duane, 1974,

17 40430.4'N

40429.6'N

40427 9'N

40'30.0'N

74402.1''W

73459.4'W

73457.1'W

74 05.7'W

18

19

20 Borings for proposed
Recap Island. Mr. Joseph
Hellman, POpe, Evans 6
RobbinS, Inc,, written
communication.

B-A

B-B

22 B-C

23

24

25

26

Minard, 196927

'NOne Mike Flood, U.S. Coast
Guard, written communica-
t.ion.

28

73459 3 Cores for Rockaway Beach
Restoration Project, U.S.
Army Corps of Engineers,
James Marotta, N.Y. State
Office of General Ser-
vices, written communi-
cation.

40430.0'N29 None

73459.2''W

73'58.8'W

73 58.8'W

40 32.4'N

40 32.2'N

40 32.0'N

30

31

No ne

None

None32

23

40'28'13.214N

40429'03.93"N

40'29'14.62"N

40 29 I 05. 13" N

40 30'34.80"N

40 29'50 74"N

40 31'29.444N

40430'33 99"N

40 32'03.00"N

40 30'48.954N

40'32'08.42"N

40'31'54.13"N

40'32'17.59"N

40'32'22.06"N

40430 4'N

40'31.2'N

40431.8'N

40'30.0'N

40'29.6'N

40'29.6'N

40'29 1'N

40'26.7'N

40'34 O' N

74412'12 404W

74'07'47.98"W

74'06'51.6l"W

74'05'51 36"W

74 04'48.52"W

14'02'28.70"W

74'01'14.83"W

73 59'14.14"W

73 59'30 79"W

73458'07.66"W

73 57'14.61"W

73456'18,41"W

73 55'13.18"W

73 53'40.62"W

74405'W

74404 O'W

74402.8'W

74403.5'W

74404.5'W

74 03,1'W

74'04.1'W

74403 5tW

74 03.0'W



Repor t
Cpre No,

Original
Core No. E~td eLatitude Source

None

None

33 40431.8'N

40 32.1'N

40'27.2'N

40'26.2'N

4P'25.8'N

4P'25.2'N

40*34 90'N

73'58.3'w

73'58.2'w

73'59 3'w

73'59.2'w

73'59.1'W

73 58,9'W

74'03.86'W

34

36

37

38

SameSI 1

40o33 54'

40'32.79'N

40o31 54'N

40<31.15~N

40'30.85'N

40'27 ' 90'N

SI 2 Same

Same

Same

Same

Same

Same

74 03.37'w

74'05.77'w

74~08.68~W

74'09,43'W

74 11.12'w

74'13.04rW

SI 3

SI 6

SI 7

SI 8

NJ 5

NJ 7

NJ 8

NJ 9

40'26.72'N

40'25.65'N

40 25,65'N

po25 84'N

40'25.7'N

40'25.9'N

NJ 22

NJ 23

NJ 24

NJ 25

Same

Same

Same

Same

Same

Same

74 04,35'w

74'03.26'W

74'02.63'W

74 02.10'W

74'04.l'W

74'03.9'W

TB 1

TB 3

TB 5 Same

Same

same

Same

Same

Same

Same

Same

40o26.1~N

40'26.6'N

40'27.0PN

40'27.1'N

40~27.5'N

40428 2'N

40 28.3'N

40'27.9'N

74o03.8

74'03.6'w

74'03.3'W

74'03.0'W

74 02.9'W

74'02.4'w

74'03.0'W

74'03,6'W

TB 9

TB 12

TB 15

B 1

B 2

B 3

B 4

NJ lp

NJ 11

NJ 12

NJ 13

NJ 14

NJ 15

NJ 16

NJ 17

NJ 18

NJ 19

NJ 20

NJ 21

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

40'27.20'N

40~27.00'N

4P 26.87'N

40'27.62'N

40027.98'N

40 27.46'N

40'27.36'N

40'27.43'N

40 27,81'N

40o27 74

40'27.691N

40 27.18'N

40'27.29'N

40'26.85'N

40'26.55'N

40~26,37'N

74'12.61'W

74'12.27'W

74'11.76'W

74'11.83'W

74'10.67'W

74olP 14'W

74'09.76'W

74~09.11'W

74'08.18'W

74o07 90'W

74'07.22'W

74'06.50'W

74'05.659W

74a05 57'W

74o05 07 ' W

74 04 5P'W

Hinard, 1969.

U.S, Army Fngineer Dis-
trict, New York.

U.S. Army Engineer Dis-
trict, New York.

U.S. Army Engineer Dis-
trict, New York.

Northern Division Naval
Facilities Engineering
Command, 1979.
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