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ABSTRACT OF THE THESIS
Nearshore ridges and underlying upper Pleistocene
sediments on the inner continental shelf of New Jersey
by PETER C. SMITH
Thesis Co-Directors: Professors

Gail M. Ashley and Robert E. Sheridan

Recent, severe and persistent erosion along the New Jersey coastline has led to the
development of shoreline remediation plans which require the emplacement of large
volumes of beach quality sand at the shoreface. To meet the enormous demand for beach
quality sediment, nearshore detached sand ridges are investigated to characterize their
physical suitability for beach remediation. Analysis of 303 km of seismic reflection
(GEOPULSETM) profiles and twenty Vibracores™ (1-6 m) on the inner shelf off of
Avalon, New Jersey documents five distinct lithologies which comprise two
unconformity bounded units. The lithologies, in relative temporal order, are interpreted
as: 1) Pleistocene lake and estuarine facies; 2) Pleistocene fluvial channel facies; 3)
Holocene estuarine facies; 4) tidal ravinement channel facies; and 5) inner shelf sand
ridge facies.

The two unconformity bounded sequences are separated from one another in
seismic section by a regional unconformity. The inner shelf sand ridge facies is part of the
upper sequence and forms the topographic linear ridge systems. Three large sand ridges
are identified through seismic analysis, two of which are considered to be of potential
economic importance based upon their location, sediment characteristics and volume
estimates. The Inner Sand Ridge contains an estimated 48 million cubic meters of usable
sediment; Avalon Shoal contains an estimated 37 million cubic meters of usable
sediment, Wood fragments dated at greater than 42 ka were recovered from the lower

sequence below the regional unconformity.
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INTRODUCTION

New Jersey beaches are an economic and recreational resource which are vital to
the interests of the State of New Jersey. In 1981, the New Jersey Department of
Environmental Protection (NJDEP) completed the Shore Protection Master Plan as
designed to assist in the management of coastal regions by regulating development along
the New Jersey shoreline and by designing a cooperative policy with Federal agencies to
address the problem of coastal erosion (U. S. Army Corps of Engineers General Design
Memorandum, 1989). In response to increasingly severe coastal erosion which occurred
along the New Jersey coastline during the 1980's, the NJDEP developed the New Jersey
Coastal Management Program to assess the rate of New Jersey beach erosion and to
develop a strategy for impleménting realistic solutions to combat the destruction of coastal
land area and property.

The New Jersey Shore Protection Study was initiated in 1989 to document the
extent of beach erosion and property damage along the entire New Jersey coast from
Sandy Hook to Cape May. At its completion in September of 1990, the study identified
six coastal regions with high erosional rates which necessitated further study, including the
coastal region from Townsends Inlet to Cold Spring (Cape May) Inlet. The study of this
smaller region was completed in January of 1992 (New Jersey Shore Protection Update,
June 1994) and identified severe erosion along portions of Sea Isle City, Avalon
Township, Stone Harbor, and North Wiidwood (figure 1}. The New Jersey Shore
Management Program estimates that approximately 1.5 million cubic yards of fill will be

needed to initially stabilize the beaches between Townsends Inlet and Cold Spring Inlet.
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Figure 1. Many shore communities in southern New Jersey suffer from severe erosional
problems. Offshore mining of sand resources could help provide a stable source of
remediation sand for the most severely affected areas.
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9.5 million cubic yards of fill will be needed to stabilize beaches between Great Egg
Harbor Inlet and Brigantine Inlet, while millions more cubic yards of sediment will be
needed for periodic beach maintenance (unpublished data, New Jersey Geological Survey).

The demand for very large volumes of beach-quality sand along the New Jersey
coastline has resulted in an intense search for borrow areas. Borrow areas on land are
increasingly scarce due to a shortage of suitable beach-grade sand and stringent
environmental regulations governing excavation of sediments. Transportation of the
material also poses logistical and environmental problems on crowded New Jersey
roadways. If roadways were utiliz@ to transport beach remediation sediment, 56,000
truckloads would have to be moved between the borrow sites and beaches for every
1,000,000 m? of needed material (based upon standard 18-yd vehicle loads). In addition,
access to many coastal sites by vehicular traffic is very limited or non-existent, especially
in wildlife or wetland protection zones such as the wildlife conservation area along the
southern end of Stone Harbor near Hereford Inlet (figure 1) (New Jersey Shore Protection
Update Bulletin, June 1994). In such cases, roadways would have to be built for vehicles
to reach the remediation area, adding greatly to the cost, complexity and environmental
impact of remediation projects. Within environmentally protected and wildlife
conservation areas, infrastructure would have to be removed afterward, and in some cases
may be aitogether prohibited.

To mitigate environmentai disruptions and reduce the cost of remediation projects,
a cooperative program to locate and assess the suitability of offshore borrow areas which
lie near severely eroded coastal regions was initiated among the federal Minerals

Management Service, the NJDEP, and Rutgers University. Once suitable borrow areas




(James, 1975) are located, well established suction dredging technologies can be employed
to recover the sediment before transporting it to nearby coastal remediation areas
(Brinkhuis, 1980). This solution avoids the more environmentally disruptive land
transportation and results in a cost effective remediation strategy.

The Army Corps of Engineers is currently utilizing this form of remediation in
some areas along the coast of Northern New Jersey ( U.S. Army Corps of Engineers
General Design Memorandum, 1989) and Maryland (Conkwright and Gast, 1994),
bringing sediment from borrow areas which are located in state jurisdictional waters.
However, prolonged and extensive dredging activity within the three mile state
junsdictional limit could lead to local environmental, commercial and recreational
disruptions close to shore, as well as a depletion of state resources similar to w;hat has
occurred along coastal Maryland (Conkwright and Gast, 1994). Access to resources in
federal jurisdictional waters will provide additional sources of sediment, minimize
economic and social impacts along shoreline areas, and improve the potential for
successful remediation activities along the New Jersey coast (Uptegrove et al., 1995).

To address this problem, a reconnaissance level study was developed to locate and
quantitatively characterize potential borrow sites near regions of high erosional activity off

of southern New Jersey. The objectives of this study are:

¢ Delineate an investigative area between Cape May Inlet and Great Egg Harbor
inlet which lies within economic distance of the coastline {maximum 25 m
water depth and 20 km distance) using available bathymetric and other

oceanographic data;




Document the regional stratigraphy and interpret the regional geological

history;
Identify potentially large volume sand resources using geophysical techniques;
Ground truth the seismic data and quantify the suitability of the resource
through sediment coring and sedimentological analysis, particularly:

a. the physical suitability of offshore sand for beach nourishment;

b. the percentage of usable sediment and the percentage of unusable mud

and coarse gravel;

c. the thickness and lateral extent of the resource.




GEOLOGICAL SETTING

Regional Setting

The continental shelf of the United States Atlantic Coast is an south-eastwardly
dipping extension of the Atlantic Coastal Plain. It extends from the chain of shore-parallel
barrier islands along the edge of the continental land mass to the shelf break which is at an
approximate water depth of 135 m (Emery and Uchupi, 1984). Average shelf gradient is
about 0.001 (Swift et al., 1981) with shelf topography characterized by obliquely
convergent shore-attached and shore-detached ridges (McBride and Moslow, 1991).
Present rate of sea-level rise is estimated to be 2-3 mm/yr (Braatz and Aubry, 1987) with a
resulting transgression rate of 2-3 m/yr (Sheridan et al., 1974; Ashley et al., 1991).

The Atlantic shelf has recorded many varations in relative sea-level throughout its
depositional history. These variations are reflected in different depositional regimes and
lithofacies patterns (Miller et al., 1990). Evidence of rapidly fluctuating relative sea-level
occurs in upper shelf sediments of the central Atlantic coast which date from the late
Miocene period. Significant expansion of Antarctic and northern hemispheric glaciers
occurred during the Pliocene, with the most intense northern glacial activity taking place
during th;: Pleistocene. Pleistocene eustatic global sea-level fluctuations are related to
expansion and contraction of the large northem ice masses (Ashley et al,, 1991).
Beginning approximately 18 ka, post-glacial rise in sea-level forced the coastline across
the shelf to its present position and created a transgressive succession of sediments above

the regional lowstand unconformity (Riggs and Belknap, 1988, Fletcher et al., 1992).




New Jersey Coastline

The New Jersey coastline is 209 km in length and forms part of the passive, slowly
subsiding eastern North American continental margin. The coastline is composed of a
continuous series of sandy beaches and barrier islands. Coastal sediment is derived from
eroding coastal formations and from redistributed shelf deposits (figure 2). Little sediment
is transported to the coast by rivers. Along the northern coastline from Long Branch to
Point Pleasant, beaches have formed beneath a series of Cretaceous, Tertiary and
Quaternary coastal sedimentary bluffs which rise as much as 8 m above the beaches
(Uptegrove et al., 1995). These bluffs are the principle contributor of coastal sand in
northern New Jersey. Longshore currents have redistributed the coastal sediment into a
series of spits and barrier island complexes, the northern extent of which extends well into
Raritan Bay (Sandy Hook spit).

In southern New Jersey from Point Pleasant to Cape May, a continuous chain of
barrier islands range in length from 8-29 km and shield the coastal sediments from direct
wave erosion. Whereas the northern islands derive much of their sediment from the
eroding coastal bluffs (McMaster, 1954), the southern islands exhibit a differing sediment
and mineralogical composition which is indicative of another source area, or of sediment
reworking. Mean grain size of the southern beaches is generally one-half that of beaches
north of Long Beach Island (Uptegrove et al., 1995).

Landward of the barnier islands, estuarine bays, sait water marshes, and tidally
influenced streams form the inland coastal waterway system, a series of interconnected
and navigable coastal channels. Eleven tidal inlets breach the barrier islands and allow

intermixing of marine and fresh water within the back-barrier system. Complex tidal
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currents move through the inlets and cause lateral migration of many tidal channels and
commensurate reworking and redistribution of sand along adjacent islands (Ashley, 1987,
Dalrymple et al. 1992). To maintain inlet integrity and prevent channel migration, five
inlets have been stabilized by the construction of parallel rock jetties (Shark River,
Manasquan, Barnegat, Absecon, Cold Springs); three have been partially stabilized by the
construction of one rock jetty or rock armoring of one shoreline (Great Egg, Townsends,
Hereford); three inlets continue to migrate in an unconfined natural setting (Beach
Haven/Little Egg, Brigantine, Corsons) (Uptegrove et al., 1995).

The New Jersey Geological Survey (NJDEP) maintains a program of beach
monitoring and erosional assessment for the State of New Jersey. Begun in 1986, the
program has divided the coastline into 13 segments (reaches) which are used to
consolidate approximately 100 beach survey profiles, geophysical data, beach remediation
history, and political information into discrete beach remediation assessment zones.
Individual beach survey profiles which measure and quantify beach volume relative to
fixed markers are compiled and analyzed to determine sediment loss or gain through time.
This information is tabulated by reach by Stuart Farrell (Stockton State College) and
compared to the U.S. Army Corps of Engineers estimates of New Jersey coastal beach
erosion (Farrell et al., 1993).

The resulting map data show a complex pattern of net sediment gain and loss
which is related to longshore drift, storm activity, sea-level change, migrating tidal
channels, and on-going beach remediation projects (figure 3). Severely eroded beaches
are identified along portions of Cape May and Atlantic counties adjacent to the study area.

Ocean City and Sea Isle City experienced particularly severe erosional problems during the
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7-year beach profile study, as well as beaches near Stone Harbor (figure 1). Selection of
the survey area was designed, in part, to help meet the sediment requirements of these

high priority remediation zones.

Study Area

The study area is located from 2 to 25 km (1-13 nm) offshore from Sea Isle City
and Avalon Township in southern New Jersey (figure 4). The northern end of the study
area is approﬁmately 20 km (10 nm) from Atlantic City and 200 km (100 nm) from New
York City. The study area is dividéd into northern and southern regions as defined by the
seismic coverage. High resolution seismic reflection survey lines were run both parallel
and perpendicular tc; the coastline, generally along and across the regional strike of the
seafloor. Water depths in the area range from 8 m (25 ft.) near the coastline to 27 m (80
ft.) at 25 km (13 nm) distance from the shoreline. Tides are semi-diurnal with a mean tidal
range of 0.94 m and a spring tidal range of 1.16 m (Ashley, 1987). Prevailing winds are
from the west to northwest with a southerly onshore component during the summer
(Ashley et al., 1987). Storm generated winds frequently approach from the east to
northeast.

Shelf topography within the study area consists of a series of shore attached and
detached ridges (figure 5) which are similar in form to sand ridges found off of the U.S.
Atlantic shelf from New York to Florida (McBride and Moslow, 1991}. Within the study
area, the long axis of sand ridges trend approximately 15-30° with respect to the

shoreline, and vary in length from 2 km to 6.5 km. Ridge widths tend to be approximately
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10-25% of the length, while shape is variable. Maximum measured sediment depth from

ridge crest to the underlying strong seismic reflection is 13 m.
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PREVIOUS INVESTIGATIONS

Sand Ridge Development

The origin of the eastern North American continental shelf ridge system has been
debated since early in the twentieth century. Shortly after the first bathymetric mapping of
the Atlantic margin ridge system in the early 1930's, Van Veen (1935) suggested that
large sand ridges were formed by multiple tidal current ebb flow paths which converged in
the offshore. Similarly, Off (1963) and Huthnance (1973, 1982) found that alternating and
obliquely converging slow and fast moving tidal currents could carry sand offshore and
form linear ridge systems on the United Kingdom tidally dominated shelf. A variation of
that model suggested that ridges in the North Sea were formed in a modern, dynamic
process when asymmetrical sand streams converged at the ridge cre;st (Caston, 1972).
Experimental studies later determined that tidal bottom velocities of 50-250 cm/s would
be necessary to effectively transport the sediment which comprises most ridge systems,
effectively eliminating tidal flow as the <formative mechanism on storm-wave dominated
shelves (Stubblefield et al., 1984). However, studies of sediment transport along the
Atlantic shelf of the United States demonstrated that some nearshore and mid-shelf
bottom currents are sufficiently strong to aliow for reworking of surface materials,
particularly during storm events (McClennen, 1973, Stubblefield et al., 1975, Scott and
Csanady, 1976, Lavelle et al., 1976}. Although ridge sediment was shown to be affected
by dynamic shelf processes, the observed reworking of the sediment was limited 1o the
upper 1 m of the ridges.

Based upon bathymetric analysis of subsurface topography and on grain size

characteristics of sediment samples from sand ridge surfaces off of Long Island, New
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York, McKinney and Friedman (1970) concluded that ridges are best explained as relict
fluvial drainage topography which has been modified by modern day processes.
Bathymetric analysis of the New Jersey shelf by Swift et al. (1973) also identified
drowned, relict, subaerial tributaries, though the link between fluvial channels and shelf
ridges was uncertain. Other investigators have interpreted the shelf topography as remnant
coastal structures, including Holocene transgressive stillstand deposits (Shepard, 1963),
Pleistocene regressionary stillstand deposits (Kraft, 1969), overstepped beach ridges or
barrier island sediments which are built upon older Pleistocene deposits (McClennen and
McMaster, 1971), and in-place drowning of partially preserved barrier island sediments
during Holocene rise in sea-level (Sanders and Kumar, 1975).

Sand nides which are similar in form to those found on the eastern North- American
shelf are also found along the retreat path of the Holocene Mississippi River in the Gulf of
Mexico. These ndges form a series of shallow shoals which cannot be adequately
explained by erosional shoreface retreat and in-place drowning of barrier island or shore-
attached nidge systems. The Gulf of Mexico ridge systems are better explained by
transgressive submergence: former barrier shorelines integrated shoreface erosion with
relative sea-level rise during a period of coastal submergence due to sediment loading
(Penland et al., 1986). Depending upon the time of formation, sediment loading could
have played a role in the development of eastern shelf ridge systems. However,
Stubblefield et al. (1984) recognized that sand ridge morphology along the eastern
seaboard varies depending upon shelf location. They suggested that the cbserved

differences between ridges along the same portion of the Atlantic shelf can best be
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explained by in-place reworking and modification of the barrier island sediments while on
the continental shelf.

Various themes have been proposed regarding the effect which post-transgressive
topography has had on modern sediment transport processes. Swift et al. (1973) proposed
that offshore sand ridges were initiated in the shoreface, perhaps along littoral drift zones
near estuary mouths, and that storm induced currents caused their migration offshore.
Predominantly erosional processes on the shelf gradually produced a stable ridge and
swale topography end-product toward which nearshore and shore-attached sand ridges
naturally evolved. Duane et al. (1972) argued against a shoreline origin for sand ridges and
suggested that storm induced helical tidal flow forms sand ridges in a dynamic offshore
process. Swift and Field (1981) dismissed helical flow in favor of constructive feedbacks
between shelf topography and bottom shear stress. They determined that the observed
grain size distributions of sediment across individuai ridges is characteristic of large scale
bedforms which result from linear, dynamic processes, although their model was not able
to account for the variable ridge onentations.

Relationships have also been observed between tidal inlets and some shore
attached sand ridges. McBride and Moslow (1991) used a computer mapping system to
plot the location of 259 shore attached and detached sand ridges along the inner Atlantic
shelf between New York and Florida, along with 309 tidal inlets, both active and
historical “Genetic relationships’ between the tidal inlets and ridges were documented and
used to develop 2 two step model of ridge formation in which sand is first deposited in
ebb-tidal deltas before being reworked into shore attached ridges during transgression.

Sometime during continued oceanic transgression, ridges become detached from the
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shoreline. McBride and Moslow (1991) acknowledged that not all ridges can be explained
by this model, and that more than one formative process is likely needed to explain all
Atlantic shelf sand ridges.

Infragravity wave models of 0.5 to 5.0 minute periods were invoked by Boczar-
Karakiewicz and Bona (1986) and Boczar-Karakiewicz et al. (1990) in mathematical
computer models of sand ridge formation. These models showed good agreement with
observed features of sand ridges along the United States Atlantic coast and accurately
described increases in crest to crest distances with increasing water depth. The models
indicated that crest to crest distances were directly related to the mean slope of the shelf
and that the horizontal distance between ridge crests are several times the wavelength of
the incident train. Computer simulations calculate that as few as 890 years are necessary to
develop eastern North American shelf ridges in 40 meters of water.

Knebel and Spiker (1977) Were the first to propose that sand ridges can form by
two different processes during an oceanic transgression. They concluded that different
ridges often have different formative histories which will necessarily result in variable
internal structure between ridges. Stubblefield et al. (1984) demonstrated that the Atlantic
margin contains two distinct types of sand ridges: shore attached sand ridges which are
morphologically similar to ridges near the outer shelf, and mid-shelf ridges which are
morphologically and orientationally dissimilar to the nearshore and outer shelf ridges. This
study suggests that at least two processes must govern sand ridge formation on the eastern
North American continental shelf

Rine et al. (1986, 1991) conducted a seismic and sedimentological study of an

inner, nearshore sand ridge and a middle shelf ridge off of the southern New Jersey coast.
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The inner sand ridge was located in or near the present study area. Cores which were
obtained on both the inner and mid-shelf ridges indicate that three lithologies were
consistently present (but were not necessarily resolvable on seismic profiles): 1) a non-
fossiliferous laminated sand and mud layer at the base of the sand ridge which contains
only traces of microfauna; 2) a shell-nich, poorly sorted sand and mud unit which overlies
the non-fossiliferous unit, and; 3) an upper ridge sand unit with some faunal elements.
Based upon radiocarbon dating of shell fragments in the shell-rich portion of the sand
ridge (2), the midshelf ridge appears to have formed much earlier than the upper shelf
ridge (approximately 14 ka versus 3 ka). Multivariate analysis of core samples indicates
that the three lithologies are sedimentologically resolvable from one another and represent

three distinct environments of deposition:

1) The non-fossiliferous unit is composed of mud and fine grained sand which contains
sparse foraminiferal assemblages. These assemblages indicate deposition in an inner shelf
or estuarnine environment. Abundant terrestrial plant remains suggest deposition of the

sediment in proximity to the shoreline.

2) The shell-rich unit contains beds of sand and gravel which alternate with mud and silt.
Foraminiferal and macroscopic faunal assemblages are indicative of open mid-shelf
conditions. Differences in the composition of foraminiferal assemblages between core

locations demonstrates that faunal heterogeneities exist and suggest that sub-facies may be

present.
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3) The upper sand ridge unit is composed of a coarsening upward, fine to medium sand
which abruptly overlies an unconformity or period of non-deposition at all core locations.
This boundary is located within the area of ridge relief due to erosion of the surrounding
sediments. Intervals are heavily bioturbated and burrow traces are recognizable
throughout the unit. This is the only portion of the ridge which is considered active and

attributable to modern shelf processes.

Regional Seismic and Coring Studies
Eleven major high-resolution seismic reflection and/or sedimentological studies

have been conducted along the New Jersey continental shelf since 1961 (figure 6):

1. Fray and Ewing, 1961: Sparker survey and echosounder data were collected from
two transects along the northern New Jersey coastline. The Navasink, Red Bank,
Manasquan, and Kirkwood Formations were tentatively identified based upon the

survey data and information from twenty piston cores.

2. Williams and Duane, 1974: 445 miles of continuous seismic reflection profiles (50-
200 joule Sparker) and 61 Vibracores™ were obtained from the inner New York
Bight, an area encompassing approximately 250 square miles of shelf from northern
New Jersey to western Long Island. Shrewsbury Rocks marks the demarcation
between two distinct geomorphic provinces to the north and south. The northern
region is underlain by coastal plain strata which were deeply eroded by Pleistocene

laciation and subsequently buried by glacial sand and gravel outwash. Strata within the
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Figure 6. Location of the study area (hatchure) and previous seismic and sedimentological
mvestigations (gray} along the New Jersey mner continenta! shelf (after Uptegrove et al, 1995).
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southern region have been evenly truncated and covered by a veneer of sediment which

differs from that in the northern region.

3. Miller, Dill and Tirey, 1973: High resolution seismic data (UNIBOOM™ and 3.5

kHz Sparker) were collected off of Beach Haven Ridge to assess the local geology at
the proposed offshore Atlantic Generating Station nuclear power plant. Sand thickness
varies from 1.5 m in the northern end to 6.0 m at the southern end of the survey area.
A deep, mud-filled Holocene valley underlies the sand at depths of more than 18 m.
The valley is incised into Pleistocene clay‘units which may have been deposited during
the stage-5 regional highstand. Sparker data indicates that the older Tertiary and
Pleistocene units dip southeastward to at least 150 m below the seafloor, but are

shallow north of Barnegat Inlet where they crop out at the seafloor.

Cousins, Dillon and Oldale, 1977: A regional seismic study of the central Atlantic
continental shelf from Long Island ;o Chesapeake Bay was conducted to investigate
and identify potential environmental hazards by the Bureau of Land Management and
the U.S. Geological Survey. The seismic survey was conducted during the months of
April and May, 1975 aboard the R/V Atlantis II using UNIBOOM™ and MINI
SPARKER™ systems. The investigation documemecf mobile sand sheets, areas of
sedimentary faulting, subsurface structures and regional stratigraphy.

Seismic records reveal three principle types of bedding: coastal plain strata which
exhibit a monoclinal regional southeast dip, steeply inclined crossbeds which appear to

be of fluvial or deltaic origin but are restricted to an elongate basin east of Sandy
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Hook; and Pleistocene-Holocene stratified fluvial sands and gravels which are
regionally discontinuous and exhibit a gentle seaward dip. Other portions of the
Hudson Channel have been filled with anthropogenically derived disposal matenal
(0.76 billion m®). Vibracore™ data show that fine to medium grained sand is
ubiquitous on the shelf, with coarse material being found in smaller patches off of

Long Island and parts of New Jersey.

. Meisburger and Williams, 1980: This study was conducted to locate bodies of sand
and gravel off of Cape May, New Jersey for the purpose of beach remediation and
restoration projects. 1258 km of seismic reflection profiles and 104 sediment cores of
up to 3.7 m in length were collected from the inner continental shelf. 18 sites contain
an estimated 1.086 billion m? of sand, all but two sites of which are linear to arcuate
sand ndges. The ridges are approximately 6 m thick, composed of clean, quartz sand,
and appear to rest on a pre-Holocene fluvial surface which is composed of dense silty
sand and gravel. The 6 ridges which are most proximal to Cape May beaches contain
approximately 216 million m? of sand and gravel, making them the most suitable sites

for consideration within the southern region.

. Meisburger and Williams, 1982: About 18007 km of the central New Jersey inner
continental shelf between Avalon Township and a line 7.5 km north of Barmegat Iniet
were surveyed to assess and quantify potential offshore marine sand and gravel
resources. 1133 km of high-resolution seismic reflection profiles and limited sidescan-

sonar images were used to identify surficial sand ridges on this portion of the




continental shelf 97 Vibracores™ were drilled on or near sand ridges in order to
gather sedimentologic and stratigraphic data which reflects the physical suitability of
the resource. From the derived data, an estimated 172 million m* of suitable sand are
available in 15 areas, but require further evaluation.

The seismic data reveal a large number of linear and arcuate sand ridges within the
study area. Sedimentologic data show that the ridges contain large volumes of clean
quartz sand. Most of the ridges appear to be Holocene in age and overlie older pre-
Holocene age sediments. The pre-Holocene deposits are typically yellowish-brown in
color and contain shell and other calcareous material. The heterogeneous character,
extremely poor sorting, oxidation-like color of the more coarse material, and the
presence of channel-like reflections in the seismic data suggest that this sediment may

have a fluvial onigin.

. Dill and Miller, 1982: Geophysical survey data were collected off Avalon, New
Jersey for the proposed installation of an electric generating station outfall pipe.
Detailed bathymetry of the adjacent coastal waters was conducted using a DE-719-B
Echo Sounder. The ocean bottom drops to the 13 m (40 ft) contour within 1.5 km
(5000 ft) of the beach and remains relatively flat seaward of that point. ORE 3.5 kHz
sub-bottom profiler data was collected along 20 transects run parallel to the shoreline,
and along another 13 transects run perpendicular to the shoreline The seismic
profiling penetrated to 2 maximum sub-bottom depth of 18 m (60 fi) and revealed a
series of flat-lying reflections, the upper of which are truncated at the seafloor on their

seaward edge.
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Eleven Vibracores™ were drilled to a maximum depth of 9 m (30 ft) and reveal
that most of the sediment is sand and gravel with some minor layers of silt. The upper
unit is composed of dense, medium to fine sand which originates at the beach and thins
rapidly away from the shoreline. The middle unit consists of organic silt which is
mixed with gravel and is interpreted to be upper Pleistocene/lower Holocene. The

lower unit is much older and contains abundant clean sand and gravel.

MecClennen, 1983: Sidescan sonar and seismic profiles were used to record
topological characteristics of the region as well as its subsurface geology. Megaripples
with 2-3 m crestal spacing were imaged within an area of general darkening. The
darkened area may represent smaller, unresolvable ripples. The megaripples were
concentrated in clusters at moderate water depths (20-22 m), but were found from
depths of 12 meters to 40 meters.

The seismic imagery penetrated to 42 m below seabed and revealed flat-lying
reflections south of Barnegat Inlet, .with incised valleys and buried channels found
southeast of Great Egg, Little Egg and Barnegat Inlets. Some reflections are traceable
for several miles to the north of Barnegat Inlet where they are separated by 5-12 m of
sediment. A 2-km wide seismic transition zone separates sediments to the north of
Barnegat Inlet from those to the south. The southemAsediments average less than I m
in thickness.

Alpine Ocean Seismic Survey, Inc., 1988 The Sea Bright Borrow Area was
investigated using a UNIBOOM™ sub-bottom seismic profiler to help delineate

offshore borrow material and the deep, sub-bottom strata. 30 Vibracores™ were
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drilled at selected locations following analysis of the seismic data to catagorize the
physical parameters of the sediment and to help constrain the geophysical
interpretations. This study delineated 41.4 million cubic yards of sand which is suitable

for nearby beach remediation.

10. Ashley, Wellner, Esker, Sheridan, 1991: 100 km of GEOPULSE™ high resolution
seismic reflection profiles and 12 Vibracores™ were taken within a 47 km? grid on the
inner continental shelf just off of Barnegat Inlet. Analysis of the seismic data revealed
three unconformity bounded units and three depositional systems which developed
during two glacio-eustatic cycles during the past 125 ka. Non-marine, fluvial sands
and gravels which were deposited during a regional lowering of sea-level separate
marine sequences characterized by estuarine, tidal delta and nearshore barrier island
type deposits. In addition to identifying the marine sequence boundary type
unconformities, a transgressive ravinement unconformity was identified which
separates the most recent Holocene transgressive sediments from older upper
Pleistocene/lower Holocene nearshore sediments. The inner shelf sand ridges near

Bameéat Inlet were found to exhibit shallow, offshore dipping internal bedding.

11. Waldner and Hall, 1991: Deeply penetrating seismic data off Atlantic City, New
Jersey reveal that the Miocene period “800-ft aquifer” dips southeastward The seismic
reflections were tied to the U S G.§. offshore monitoring well to yield reliable
identification. High resolution GEOPULSE™ reflection data show an incised valley

higher in the stratigraphic section which-trends southeast along the study area.
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Several other early seismic and bathymetric studies have been conducted near this
region, and include Veatch and Smith (1939), Emery (1966, 1968), Stearns (1969),

Uchupi (1968, 1970), Emery and Uchupi (1972), and Schiee and Pratt (1972).
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METHODS

Seismic Data Collection

303 km (164 nm) of shallow (30 m penetration), high-resolution seismic reflection
profiles were collected from August 9-27, 1993 from aboard the R/V James Howard, a
vessel owned and operated by the New Jersey Department of Environmental Protection.
The seismic profiles cover an area of 603 km? off of the southern New Jersey coastline
from Corsons Inlet in the north to Hereford Inlet in the south (figure 4). Mean water
depths in the area range from 10 m (30 ft.) within 2 km of the shoreline to 25 m (90 ft.) at
20 km distance. Seismic lines run perpendicular to the coastline at an approximate spacing
of 2 km. Two shore-parallel tie-lines run the length of the study area, with smaller tie lines
located over high-priority targets which were identified during the cruise. Due to time and
budgetary constraints, a 7 km data gap exists near the center of the study area where
shore-perpendicular seismic lines were not run. This data gap divides the study area into a
northern and southern region. Additional seismic lines are concentrated in the shore-

proximal portion of the northern region to better delineate sand ridges found in that area.

Field Instrumentation

ORE Geopulse™ Seismic System

The seismic system is composed of an electrically driven towed acoustic source, a
hydrophone reception array, and recording instrumentation. The sound source is a 30 cm
diameter magnetosirictive plate which is sealed in a rubber diaphragm beneath an
electroconductive coil and mounted under a 1.5 meter long catamaran (Ashley et al.,

1988). The unit is towed obliquely behind a vessel by attaching a 15 m long rope to the
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front side of the catamaran, thereby forcing the catamaran to the side of the towing vessel
and avoiding the turbulent water within the ship wake. This configuration provides a
stable platform which properly aligns the transducer with respect to the water surface
(Wellner, 1990).

An acoustic pulse is generated in the water when magnetic field vanations within
the transducer cause the non-magnetic, metallic plate to move rapidly away from the
conductive coil. The energy used to drive the transducer is provided by a 4000 volt bank
of capacitors (model 5420A) which is connected to the catamaran by an insulated
electrical cable and which emits 105 joule pulses every 0.64 s, with a peak frequency of
about 1.0 kHz. With a speed-over-ground of approximately 6-7 km/hr (3-4 knots), the
resulting shot spacing is approximately 1 m. Gating of the EPC graphic recorder enables
the 80 msec sweep rate to be synchronized with the external sound source trigger (Ashley
et al., 1991).

The detector is a 20 element, 6 meter long piezoelectric crystal hydrophone array
which is attached to buoys floating at tile water surface. This configuration helps to
eliminate surface ghost reflections. The detector is towed 15 meters behind, and an equal
distance to the side of the vessel as is the catamaran. The relatively small separation
distance between the sound source and the detector relative to operational water depths
minimizes movout effects (Wellner, 1990).

Signal processing is done on an ORE Geopulse™ receiver/pre-amplifier (model
5210A) with a bandpass filter fixed at 700 Hz lowcut and 2000 Hz highcut settings. The
receiver controls the firing rate, frequency filtering and gain scaling. Time variable gain

(TVG) is manually adjusted for best resolution of each profile. Positive seismic waveforms
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only are printed on an EPC strip chart recorder, with positional time fixes recorded
approximately every five minutes. A Hewlett Packard Model 54200A/D oscilloscope
displays the incoming raw and filtered signal.

Simultaneous digital recording is made using a Bison Instruments 9024™ 24-
channel engineering seismograph. Analog to digital signal conversion is 16 bit with
instantaneous floating point. The signal is filtered through the analog system prior to
entering the digital equipment. Shot points were saved without signal enhancement to an
80 megabyte hard disk using a 10:1 trigger divider to reduce the number of shots to a
manageable quantity, given the cycling time of the engineering seismograph. 12 adjacent
traces were grouped into each file using an automatic roll-along switch, with a hard drive
capacity of 1000 files, sufficient for 11 hours of continuous coverage. Data is downloaded
to the main processing computer from the onboard computer each evening (Uptegrove et

al., 1995).

Navigational Equipment

Navigational equipment was provided by the New Jersey Geological Survey and
consists of a ship-mounted Loran-C Navigational System and a mobile NAVSTAR™
Global Positioning System (GPS) trisponder with antenna. The system is hardwired to the
onboard computer system for continuous navigational recording. Loran C is accurate to
approximately 50 meters and is used to determine and maintain ship course or position.
GPS is a satellite utilized electronic positioning system originally intended for a rapid,
worldwide estimation of position. It operates by geometrical triangulation with satellites in

known orbital positions. Since its original deployment, the theoretical positional resolution
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has been improved to approximately +\- 2.0 m when operated in differential mode to
eliminate intentional signal degradation initiated by the United States Government (table
1). Positional data from GPS is recorded every 3 seconds throughout each cruise and
down-loaded to an onboard computer system. When operated in differential mode GPS is

able to provide real-time positional data and serve as a quality control check on the Loran-

C system.

Vibrational Coring System

Alpine Ocean Seismic Survéy, Inc. utilizes a steel hulled catamaran research vessel

(R/V Atlantic Twin) with a marine model 271 B Alpine Pneumatic Vibracore™ system
which is deployed on.to the ocean floor from the side of the research vessel. This system is
designed to recover continuous cores of sediment of up to 6.10 m (20.0 f.) vertical
penetration encased within a clear plastic core barrel liner. The Vibracore™ tower is
composed of four stee! legs braced widely apart on the bottom and mounted with

circular foot-plates. At the top, the legs are welded to a circular steel support ring,
forming a pyramidal structure. A heavy gauge steel core barrel is bolted to a pneumatically
driven vibrational head which is lowered along a vertical aluminum support beam (mast) at
the center of the tower. The core barrel feeds through a base-plate guide at the bottom of
the tower. The barrel assembly consists of a 4 inch steel barre! with a 3.5 inch plastic inner
core liner which attaches to the cutting head. A core retainer composed of overlain steel
fingers angled back into the barrel is fitted inside the cutting head The retainer allows
sediment to freely enter through the center of the fingers during penetration, but expands

and closes off the opening during barrel withdrawal and tower retrieval, thereby




Differential Kinematic (future)

Estimated Positional Allowable for Survey Class
Positioning System Accuracy
(meters RMS) 2
1 2 3

Visual Range Intersection 3-20 No No Yes
Sextant Angle Resection 2-10 No Yes Yes
Range Azimuth Intersection 0.5-3 Yes Yes Yes
High Frequency EPS ° 14 Yes Yes Yes
Medium Frequncy EPS ° 3-10 No Yes Yes
Low Frequency EPS ° (LORAN) 50-2000 No No Yes
Satellite Positioning:

Doppler 100-300 No No No

Starfix 5 No Yes Yes
NAVSTAR GPS *
Absolute Point Positioning
(0o SA ) 15 No No Yes
Absolute Point Positioni

e o TosTHoning 50-100 No No Yes
(with SA ")
Differential Pseudo Rangi 2-5 Yes Yes Yes

crentia; Fseu nging 0.1-1 Yes Yes Yes

Table 1. Allowable horizontal positioning system criteria’ (after Uptegrove et al.. 1995).

! From the U.S. Army Corps of Engineers, 1991.

% Root Mean Square
3 Electronic Positioning System
* Global Positioning System

* Selective Availability, a U. S. Department of Defense accuracy limitation.

minimizing sediment loss. When coarse, low coheston sediment (sand) is expected to be
recovered at a drill focation, the retainer is covered by nylon mesh to help prevent the
sediment from forming 2 watery suspension with a commensurate ioss of sediment from

the barrel. The cutter head assembly is then threaded into the core barrel and attached to

the Vibracore™ tower.
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The tower is lowered by crane to the sea-floor. Penetration into the sediment is
achieved through a combination of vertically directed force due to the weight of the head
assembly and strong vibration of the barrel. Vibrational power is provided to the core
barrel by directing high-pressure compressed air through a pneumatic hose to the head
vibrator assembly. The high pressure air stream drives the vibrator head rapidly up and
down, which imparts an impulsive downward force along the core barrel. Vibration is
halted when the vertical penetration of the barrel decreases to less than one foot in three
minutes. The core barrel is then withdrawn from the sediment using a leveraged cable
assembly which is attached to the ship winch via the coring rig support tower. The cable
acts through a series of pulleys which pull the core barre] upward while maintaining
downward force on the support tower. Once the core barrel is extracted from the sea-bed,
a second cable retrieves the drill tower to the ship deck where it is placed in a horizontal
position for barrel recovery. The core liner is removed from the barrel, sediment recovery
measured, and the liner packaged into two meter lengths for transport to the laboratory.
Core sections are stored vertically to prevent disturbance of the sediment.

Penetration is measured using a pressure shielded penetrometer which is attached
to the vibrator casing The system operates using a sprocket assembly which revolves
during penetration as the vibrator casing descends along the mast. Penetration depth is
transmitted via an insulated data cable and recorded on a strip chart recorder as a function
of time (Wellner, 1950)

The R/V Atlantic Twin uses a Trimble 4000 Differential GPS Navigation System
(real-time) which consists of an 8-channel satellite receiver and radio data link that obtains

differential signal corrections from the United States Coast Guard GPS transmitter in
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Cape Henlopen, Delaware. The navigation unit has an associated computer, printer, and
display unit in the pilot house. Water depths were recorded using a Raytheon DE 719B
survey echosounder. The unit’s transducer operates at a frequency of 208 kHz with a

beam width of 8, and is hull mounted (Alpine Ocean Seismic Survey, Inc., 1994).

Jetting

Sediment recovery may be less than the recorded penetration depth due to
sediment loss, compaction of loose material, or pile driving. Sediment loss is most
frequently caused by damage to the core retainer during the coring operation, allowing
sediment to fall from the barrel during recovery. It may also be caused when large material
is jammed into the retainer fingers, forcing them apart and preventing their proper closure
during core withdrawal. Compaction usually occurs when coring through loosely packed
sands which subsequently become more tightly packed during retrieval or while in storage.
Pile driving occurs when sediment becomes jammed in the core cutter and lower barrel,
thereby preventing other sediment from entering the barrel. When pile driving, penetration
may continue into softer sediments which are underneath a more dense layer without
recovering further sediments.

Cores which do not recover at least 80% of their barrel length were re-cored
within 10 m of the initial site. The Vibracore™ tower is lowered to the ocean floor where
water is forced through the core barrel under very high pressure (jetting} as the barrel
descends into the sediments The water forms a liquid slurry with the sediment and is
forced to the side of the barrel while the barrel is lowered to within 1-foot of the previous

penetration depth (point of refusal) as indicated by the penetrometer assembly. As the




35

barrel approaches its previous penetration depth, the water stream is shut off and coring
continues. This is repeated until three attempts are made or until 80% core barrel recovery
is attained.

In this study, the Vibracore™ was sometimes unable to penetrate or recover
extremely coarse materials. In an attempt to maximize recovery and better understand the
regional lithology and stratigraphy, such layers were bypassed by jetting through the
resistant material and continuing recovery at a greater depth. This results in non-recovered

sediment gaps at some locations, which are reflected in the core logs.

Vibracore™ Data Collection and Processing
Vibracore™ Data Collection
Vibracores™ were collected from August 30 to September 7, 1994 from aboard
the R/V Atlantic Twin, a vessel owned and operated by Alpine Ocean Seismic Survey, Inc.
Core locations (figure 7) were predetermined using data from the seismic reflection
surveys and conformed to the following guidelines:
1. The majority of cores were collected on or near three large sand ridges which
are considered high-priority targets due to:
a. proximity to remediation sites;
b. volume estimates which suggest abundant borrow material;
c. location of the potential borrow site within federal jurisdictional waters;
d. sediment located at economically recoverable depths (<20 m).

2. The majority of cores were placed along the crest of sand ridges, with fewer
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cores collected along ridge flanks and in the intra-ridge swales.

3. The portion of each sand ridge chosen for coring was reasonably
representative of the bulk sand ridge sediment, as best could be estimated
from the seismic data.

4. Cores which were located on the same sand ridge were placed such that vertical
stratigraphic resolution through the sand ridge could be maximized.

5. Cores which were not located on a sand ridge were located in a proﬁmﬂ
intra-ridge swale such that when the core stratigraphy of the sand ridge and
swale areas are combined there will exist a continuous composite

stratigraphy.

Navigation during the coring operation used GPS real-time differential
computations (Alpine Ocean Seismic Survey, Inc., 1994). The GPS antennae on the
coring ship was located directly over the tower mast to provide positional accuracy
without correction. The coring vessel placed each initial cast and any re-casts within a 10
m radius of the intended position. Ship sonar was used to verify the expected depth at
each position and deviated by no more than 0.5 m. from the depth determined from the
seismic cruise data. Expected depth was estimated from a conversion of the seismic two-
way-travel-time which was previously recorded at each position.

Cores 1, 2, and 13 were collected on the innermost sand ridge of the northern
region, | and 13 being representative of the shoal flanks and 2 being representative of the
crest. Cores 11 and 14 were collected from within the swale that is landward of the inner

ridge. Core 6 was collected from within the swale that is seaward of the inner ridge. Cores
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3, 4, 5, and 12 were collected along an adjacent ridge and on ridge remnants seaward of
the inner shoal. Cores 7, 8, and 10 were collected along the outer sand ridge (Avalon
Shoal) in the northern region (figure 7).

Six cores were obtained in the southern region. Core 9 and 16 were collected from
a small ridge at the inner portion of the region which is proximal to several southern area
remediation sites. Cores 17 and 18 were collected within inter-ridge swales, and cores 19
and 20 were collected from non-ridge shelf sediments further offshore to provide
information on spatial sediment distribution and lithologies.

Shipboard logs were maintained regarding the time and location of coring activity,
depth of penetration, recovery data including a description of any sediment during core
packaging which was visible on the core or at the ends of the core sections, re-casts, time
on site, and penetration rate. Cores were stored vertically on ship but transported
horizontally from Atlantic City, New Jersey to Rutgers University, Piscataway, New
Jersey. Once at the core storage facility, they were once again stored upright until

processed.

Core Processing

The cores were processed during the months of October and November, 1994.
The 3.5 in. diameter PVC tubing was cut longitudinally oﬁ either side of the core using a
circular saw with masonry blade. The cores were then split using a 14 gauge strand of
wire which was drawn through the center of the core. The upper surface of each split core

was cleaned of debris using a flat-edged masonry trowel or razor blade drawn across the
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Figure 7. Twenty Vibracores™ were drilled at locations which were chosen from the seismic
reflection survey results. A majority were drilled in the northern portion of the study area,
particularly on or near the boundary and inner sand ridges (1, 2, 3, 4, 6), and on Avalon
Shoal (7, &, 10).
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core paralie! with the sediment bedding. The cores were then described, photographed,
and separately sampled for grain size determination, microfossil content, organic material
and mineralogy (Appendix C). Peat layers were observed and sampled, and wood
fragments, including a 5 cm diameter root or branch, were recovered from the bottom of

core AV-18. Remaining sediment was combined in sections and stored (composite

samples).

Laboratory Procedures

Sediment samples which were taken for grain size analysis were sp]i; into two
equal fractions, one to be processed and one to be archived. Sediment processing
procedures follow those of Gale and Hoare (1991) and Folk (1980). Low mud-content
sediment was dry sieved using a mechanical Ro-Tap at 1/4 phi intervals. Samples which
contained a high percentage of mud were pre-processed using standard wet sieve
techniques to separate mud from the sand and gravel. Mud content of the wet sieved
samples was determined using standard pipet techniques. Sediments which contain more
than 50% mud are unsuitable as beach remediation fill, so samples with a very high
percentagé of mud were not processed. Data were entered into a Quattro Pro™
spreadsheet and statistically analyzed using an automated program to calculate for graphic
mean, inclusive graphic standard deviation, and inclusive graphic skewness (Folk, 1980).
Lithic analysis was run on & gravel samples foliowing procedures outlined in Gale and

Hoare (1991) in order to assess the overall petrological composition of sediments on this

portion of the New Jersey shelf.
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Seismic Reflection Profiling

Seismic reflection profiles are produced by converting reflected acoustical
(seismic) waves to electrical impulses, and then recording the resultant signal on strip
chart paper or in digital format. Acoustic pulses which are produced by the towed ORE
GEOPULSE™ sound source reflect from the seafloor or from sub-bottom surfaces before
being received by the accompanying hydrophone array. Each hydrophone within the array
converts the mechanical energy (pressure waves) to electrical impulses. These impulses
travel to the GEOPULSE™ pre-amplifier/filter where they are processed and combined to
generate a positive or negative polarity signal. The compilation of these signals are plotted
continuously on a graphical strip chart recorder (analog format) and downloaded to a
computer (digital format) during the survey cruise.

Analog records relate the polarity of the reflected acoustical signal to time/time
space. The horizontal axis is a function of recording time and represents a relative position
along the traverse. The strip chart recorder advances the paper in discrete intervals which
are timed to coincide with the signal sampling rate. This produces a continuous record
which manifests itself as a series of horizontal to sub-horizontal lines of the signal polarity
being recorded. By including manually generated fix lines on the seismic record
approximately every five minutes, horizontal positions on the seismic record can be
determined directly from the GPS records. This allows other positions along the seismic
traverse to be inferred, assuming a constant ship velocity.

The vertical axis of the reflection profile is 2 measure of two-way travel time
between the initiation of the acoustic pulse and its detection by the hydrophone array after

being reflected from the substrate. Because only part of the acoustic signal is reflected at
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any given interface, a series of depth dependent reflections can be detected. Progressively
deeper reflections require more time to return to the surface and consequently appear
further down the seismic record than do the initial reflections. This time dependency is a
function of seismic travel time, which in turn is 2 function of compressional wave velocity.
Because the velocity of seawater is known and is reasonably uniform at shallow water
depths (<30 m), the recorded two-way travel time (TWTT) to the seafloor can be used to
calculate water depth at any position along the traverse. To a first approximation, depths
to shallow subsurface reflections (<60 m below sea-level ) can be inferred since
compressional wave velocity in shallow, unlithified sediments is not sufficiently greater
than seawater as to cause significant error in shallow surface calculations (less than 0.5 m
error difference).

The strip chart automatically includes a series of horizontal guide lines on the
seismic record which record TWTT from the initial acoustic pulse. Assuming that the
acoustic pulse maintains a relatively uniform velocity through shallow sediments, the guide
lines can be used in making depth estimates. Each line represents approximately 6.5 m (20
ft.) of depth based upon acoustic velocity in sea-water. Comparison of the seismically
calculated water depths at each coring location with echosounder determined depths

demonstrated that the two figures did not differ by more than 0.5 m at any location.

Reflectivity and Attenuation

Theory of seismic propagation states that a fraction of seismic wave energy will be
reflected as the wave enters a medium of contrasting density, velocity, or both. The

remaining energy will continue through the new medium until it is dissipated by additional
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reflection events or through attenuation. Attenuation of the seismic pulse occurs due to
conversion of the mechanical energy to heat or through mechanical dispersion of the
energy into the medium.

The amplitude of a reflection event is governed by the density/velocity contrast
across a boundary. The product of medium density and seismic velocity ( v) is known as
acoustic impedance (I). The higher the ratio of the initial acoustic impedance to the
subsequent acoustic impedance (I,/1,) across a boundary, the greater is the amount of
reflected energy at that boundary (wave amplitude) and the stronger is the return signal
which arrives back at the surface. This relationship is also dependent upon the incidence
(angle) of wave approach to the boundary, where a greater incidence will reduce the
amplitude of the reflected wave. Since most boundaries in the shallow subsurface are close
to horizontal (with the exception of high angle fault surfaces), problems due to angle of
incidence are negligible.

Two types of boundaries produce particularly strong reflections due to strongly
contrasting acoustic impedance: water-sediment and air-water. Upon striking the seafloor,
a large fraction of the seismic wave is reflected back to the surface where it is detected by
the hydrophone array. This produces an exceptionally pronounced reflector on the
recording instruments which is usually characterized by a reverberatory pulse (2-4 parallel
follow-cycles) due to seismic oscillation at the water-sediment interface. As the return
wave strikes the air-water boundary, a large portion of the energy is reflected back
towards the seafloor where it again is partially reflected upward. The return wave
produces multiple reflections at twice the depth as the initial return pulse. This pattern of

multiple reflections continues at regular intervals until the signal is attenuated (figure 8).
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Bubble pulses and multiple reflections hamper interpretation of seismic data by obscuring
primary events on the seismic trace.

Because the seismic return signal becomes increasingly weak as the wave
penetrates deeper into the substrate, the sensitivity of the receiver array is increased
through time. Time Variable Gain (TVG) is an automated process of linearly increasing
the sensitivity of the receiver array after an initial delay. As gain is increased, the effect of
background signals (noise) on the recorded signal becomes increasingly important. The
gain limitation is reached when background noise overwhelms the increasir{gly faint retumn
signal and no further useful information is collected from that pulse. TVG which was
applied during the cruise permitted usable information to be collected from sub-bottom

depths as great as 25 m (80 ft.).

Vertical Resolution

Vertical resolution is the smallest increment of vertical space in acoustic horizons
which can be discerned by the seismic signal. Vertical resolution generally increases with
acoustic velocity and burial depth, whereas it decreases with acoustic frequency (Christie-

Blick et al., 1990). Using a simplified calculation to determine vertical resolution (Sheriff

and Geldart, 1982-83), where:

velocity of primary wave/frequency of seismic equipment = wavelength

1700 m/s (simplified sediment velocity) = 1.70 m

1 kHz (common frequency)
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Figure 8. Multiple reflections occur when the returning acoustic wave refiects off of
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(from seismic line TI-13N).

44




45

New wavelets are apparent in the seismic record when the distance between seismic

interfaces are at least half the wavelength apart:

1.70mx050=085m

This means that the maximum theoretical vertical resolution which can be observed on the
seismic records will be just under 1 m when using a 1.0 kHz profiler. Vertical precision of

the reflections (time and depth position) of the ORE GEOPULSE™ system is:

Vertical Precision = Pulse Length x Sediment Velocity
= 64 microseconds x 1700 m/s
=0.109 m.

The surface wave motion affecting the catamaran and hydrophone array cause static
offsets of the seismic traces of up to 0.5 ms, which at (1500 m/s)/2 is +/- 0.375 m. This

causes a significant lack of precision and resolution of data.

Seismic Analysis

Seismic sequence and facies analysis is a method of inferring lithologic
composition and structure in the subsurface through the use of seismically derived images.
It is most effective when used in association with core control data. Acoustic reflections
are generated at boundaries of density or velocity contrast which often parallel geologic
boundaries such as bedding planes, faults, and erosional surfaces. Rocks which lie

stratigraphically above such surfaces must be younger than rocks which lie below those




46

surfaces (at a given location) unless tectonic events have inverted the stratigraphy (Vail et
al., 1977; Christie-Blick et al., 1990). In the case of shallow sediments on the New Jersey
continental shelf, such vertical relationships will exhibit valid chronostratigraphic patterns.

Seismic sequence analysis identifies stratigraphic units which are genetically related
and which are bounded by unconformities or their correlative conformities (Vail et al.,
1977, Van Wagoner et al., 1987; Posamentier and Vail, 1989). Unconformities are
recognized by the oblique termination of seismic reflections along the unconformity
surface (figure 9). Unconformities create differing relationships with the bounding
sequences depending upon the geometrical termination pattern of the seismip reflections.
Reflections which terminate against an underlying boundary are defined as stratal onlap or
downlap. Onlap and downlap refer to the direction of termination with respect to-the
underlying surface; onlap terminates updip, whereas downlap terminates downdip
(assuming non-juxtaposed sediments). Reflection patterns which terminate against an
overlying surface with a tapering relationship are defined as toplap; this pattern often
indicates bypassing of sediments on a prograding shelf. Angular termination of parallel
reflections indicates erosional truncation of sediments. Toplap can occur without
truncation where sediments contribute to a prograding sedimentary wedge which builds
outward without eroding the underlying sediments (Christie-Blick et al. 1990).

These stratal relationships often change with distance along the associated
boundary surface, particularly if the boundary surface is non-erosional. In sections with
erosional boundary surfaces, the surface of erosion must often be inferred from the
termination patterns since not all unconformities generate acoustic contrasts between the

bounding lithologies. Because unconformity boundaries may have changing lithologies




Depth

N7 \/ \{/ \/ \7 \4A
A Younger Strata )oxXA

L/N/N/NNNINNININ/NX

N\N/\/\/Older Strata\/A A /N
FAVAVAVAVAVAVAVAVAVAVAY.

YAVAYVAYAVAYATAVAVAVAYAY,
N7\/ younger rala’A\° /AN

RAVAVAVAVAVAY

Figure 9. Sedimentary relationships of seismic reflection patterns which help to define

seismic sequenes (after Christie-Blick et al., 1990 ).
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along their length (and hence changing impedance contrasts), unconformity reflection
horizons may be discontinuous in profile (Vail and Todd, 1981).

Analysis of seismic profiles allow the following interpretations to be made
regarding the stratigraphy and structure of the subsurface:

1) definition of genetically related depositional units;

2) relative time correlations of the depositional units;

3) general paleobathymetry of the depositional units;

4) thickness, areal extent, and relief of depositional units;

5) seismic cross-section;

6) Three dimensional or topographical map reproduction of some buried surfaces

(unconformity, fauit).

Continuously collected seismic data permits the creation of objectively defined tie-lines
between core locations and will often allow 3-dimensional geologic structures to be
inferred with a high degree of confidence. When seismic data are combined with
lithological borings, the architectural elements which comprise the seismic sequence can
often be matched with the core lithologies, which in turn may relate directly to the mode
of deposition and the depositional environment. By tying together discrete lithological
borings with continuous seismic sections, stratigraphy can be correlated across a large
region. Examination of local seismic sequence patterns and core lithologies may aid in the
determination of depositional settings and can allow inferences to be made concerning

which lithological pattern is expected in similar, localized areas.
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RESULTS

Bathymetry

Bathymetric topography was obtained by digitizing water depths at known
positions along each seismic line and entering the data into Surfer™ Surface Mapping
System software. Data were digitized at the 5 minute fix positions along the lines, at
changes in depth, and at structural changes in between. Depths were adjusted to agree
with tie points of lines. The data were contoured for mathematical best fit using fixed
point triangulation with linear interpolation methodologs, applying maximum smoothing to
the resultant contours. The mathematically generated surface contours were then
compared with the actual seismic records along each traverse to ensure consistency with
the original data set, applying corrections to the contour lines as required. This technigue
provides an objective basis for the contouring of a large data set while allowing
interpretation and correction into the final product.

The bathymetric surface was reasonably consistent using both linear interpolation
and kriging methods, but linear interpolation limited the generated surface to only that
area enclosed within the seismic grid, and so was used as the starting method. The
adjusted surface shows a gentle, southeasterly sloping continental shelf of small relief
(figure 5). The shelf contains a series of northeasterly trending, shore-oblique linear sand
ridges with deep swales surrounding some of the ridges. Sediment thickness above the
regional (S,) unconformity correlates well with the sand ridge locations (figure 10). In the
northern region, Avalon Shoal sand ridge is iocated approximately 11 km (6 nm) offshore
of Sea Isle City, New Jersey. It is approximately 6.5 km long and 2.1 km wide at its

widest point, ovular in shape, and oriented N30 E (figure 11). Avalon Shoal is
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Figure 10. Sediment thickness above the S, unconformity closely parallels the regional sand ridge

system. The thickest concentration of sediment exceeds 8 meters in thickness but lies in the
seaward portion of the central/southern area {OSR), far from remediation sites and at undesirable
water depths (>20m). Avalon Shoal (AS) and the inner sand ridge (ISR} contain sediment of up
to 7-m thickaness and are located closer to remediation sites and at more desirable water depths.
The seismic track lines shown in this figure represent the portion of the lines with data usable for

generation of isopach contours.
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Figure 11. Sediment thickness above the S, unconformity in and around Avalon Shoal
sand ridge, located approximately 7 miles off of Avalon, New Jersey (Figure 5). The
sand ridge 1s an important source of sediment within the study area. contaming over 35
million cubic meters of beach quality sand. Water depths over the shoal are generally
iess than 10 meters (30 feet). The southern end of the ridge appears to be an arez of
sctive erusion. and had very strong currents reported by divers during the seismic cruise,
Bold line (5-meter thickness) approximates the surface expression of the sand ridge.
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asymmetrical in axial cross-section, with a gradual slope beginning at the northeast end
and abruptly terminating at the southwestern end. Divers who investigated a portion of
Avalon Shoal during the seismic cruise reported strong currents moving around the
southern end of the ridge. Preliminary data from the LEO-15 shelf current study on the
southwest side of a nearby sand ridge (39.4615 N, 74.263 W; figure 2) also confirm the
existence of very strong (>20 cm/s) cross-shore and along-shore currents in similar water
depths (Glenn and Henderson, 1991, 1992, 1993, 1994).

A second sand ridge (Inner Ridge) is located approximately 5 km (3 nm) offshore
of Sea Isle City, New Jersey (ﬁguré 5). It is approximately 3.8 km long and 3.3 km wide
at its widest point (figure 12). A broad, low sloping sand plain extends away from the sand
ridge along its southeastern side. Though exhibiting less relief than the axial portion of the
sand ridge, the sand plain is prominently elevated above the surrounding topography.
Another smaller sand ridge (Boundary Ridge) is located west of the Inner Ridge along the
New Jersey 3-mile jurisdictional boundary. At depth, it is part of the same sediment
structure as the Inner ridge due to a thin (1-3 m) connecting layer of sediment, but
surficially appears to be a separate, disconnected sand ndge. Because portions of this
ridge fall within state waters, it is not considered a potential candidate for offshore mining.

Investigation of the southern area was intended to fill a data gap in pre-existing
seismic and coring operations along the New Jersey coastline, as well as to provide both
seismic and stratigraphic continuity with the northern region. A small ridge lies
approximately 5 km (3 nm) southeast of Avalon, New Jersey in the southern region (figure
5). This ridge is approximately 5 km long and 2 km wide, with similar sand accumulations

and morphology as the northern area’s inner ridge. A thick and extensive accumulation of
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Figure 12. Sediment thickness above the S, unconformity in the vicinity of the inner sand
ridge, located approximately 4 miles off of Avalon, New Jersey (figure 4). Water depths over
the shoal are generally less than 10 meters (30 feet). Sand ridge sediment grades into
simularly textured shelf sediment and is not confined to discrete locations, complicating
volume calculations. Confining the calculations to the approximate surface expression of the
sand ndge yields a volume estimate of approximately 48 million cubic meters of usable
sediment. The surface expression of the inner ridge is approximated by the 5-meter isopach.
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sediment lies further offshore in the southern region (figure 5), including a thick, linear
sand shoal between the northern and southern areas. These southern area sediment
accumulations lie at greater water depths than the northern ridges (often >20 m), which
make them less desirable targets for mining activity.

Overall, the average slope of the continental shelf within the study area is 0.00040,
with a strike N7°E (figure 13). These data were based upon depth-to-seafloor
measurements at 550 data points located along the 303 km of seismic line. Avérage slope
was calculated using a polynomial regression algorithm (Surfer™ Surface Mapping

Software).

Regional Seismic Stratigraphy

The regional composite seismic stratigraphy (figure 14) can be divided from oldest
to youngest into 6 depositional units (T, P,, P,, H,, H,, H,) which are separated by 4
unconformable surfaces (§,, S,, R;, R,). Two of the unconformable surfaces (S,, S,)
represent sequence boundaries (as defined in van Wagoner et al., 1987) which are
identified where arcuate to planar reflections terminate along surfaces of erosion (figure
9). As such, they are interpreted to represent surfaces which were exposed to subaerial
and fluvial processes during past sea-level regressions. These sequence bounding
unconformities generally produce very strong intensity, reverberatory seismic reflections,

except when the acoustic signal degrades due to attenuation at depth.




] i i 5 i
State Plane Coordinate gystem

§
New Jersey

——N-.—

42 m

e 30000

-16 m

—20m




U:itmﬂ Sugimphic Unconformity Sediment Age Facies A.
Hy [rsssroooise Holocene — Shelf Sand Ridge
R, — — — — — — — — — —
x — Near Shore
}
R Holocene Tidal Channel
= 1
—— .
H B Estuarine
SZ .
‘ Estuarine
P, Upper Pleistocene {
Lacustrine
*9 60O
P, E:::i: Lower Pleistocene — Fluvial/Marine
S1
- . .
i Tertiary — Unknown Facies

Figure 14. Composite regional stratigraphy of the study area. {A) Sediment type is
indicated on the lefl. Tertiary (T) sediments were not recovered 1n core and are interpreted
from seisme reflection data and data from other regional studies. Pleistocene shelf sediments
(P, and P,) vary from sandy gravel (P,) to shell bearing mud (P; top). Holocene sediments
(H, Hs, H,) vary from sandy mud (H,) to mud-depleated gravelly sand (H,) Two regional
unconformities (S, and S,) formed as a result of fluctuating sea-level on the inner continental
shelf. Localized unconformities (R, and R,) formed as a result of channel migrational (tidal)
ravinement and transgressive ravinement processes. Interpreted facies are shown on the right.
(B) Generalized cross-section showing sand nidge (H,), unconformities, and relative
position of depositional umnits.
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Unconformity Surfaces

S, Boundary

The lower sequence bounding unconformity (S,) is variable in depth and relief. S,
is regional in extent and is readily observable along some seismic profiles (i.e. TI-12N, TI-
IN), although it is not reliably traced in others (i.e. TI-ON, TI-1.8E) (figure 4). S, locally
exhibits deep (20 m), steep sided valleys, particularly in the southern region proximal to
the shoreline (figure 15). It is locally truncated by the overlying regional unconformity (S,)
particularly where it exhibits a large degree of relief close to the modern seafloor (figure
16).

A contour map of the S, surface was not attempted due to its intermittent nature
in the seismic profiles. Sporadic data will not provide meaningful topographic
reproductions, particularly since it is often difficult to discriminate between S, and other
strong reflections at depth. Locally observable channel incisions which form part of the S,
surface along the shore-proximal portion of the seismic lines are described separately,

below.

S, Boundary

The stratigraphically more recent unconformity (S,) is traceable in seismic profile
as a shallow, seawardly dipping reflection horizon of very- low relief, which is regional in
extent and continuously traceable over all of the seismic profiles (figure 16). S, often
intersects the seafloor in erosional swales (figure 17), or where little sediment has been

deposited (figure 18) and forms the underlying boundary beneath the regional sand ridges
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(figure 19). Scouring of the seafloor has eroded through S, in places (determined using
core analysis in conjunction with seismic sections), although it is very difficult to
determine where S, has been penetrated from the seismic data alone. Lithologically, S, 1s
usually underlain by extremely coarse, low mud sediment and overlain by fine sediment
with a high percentage of mud, or (rarely) by mud-depleted sand ridge sediment.

This lithological pattern is areally consistent at the S, unconformity, and results in an
intense seismic return signal by presenting a very strong acoustical impedance contrast
across the S, boundary surface. In addition, the existence of a regionally consistent
lithology underlying the S, unconformity helps to determine whether shelf erosion has
penetrated the S, unconformity surface. At core locations where the very coarse
sedimentary deposit which normally underlies the S, surface is missing, shelf erosion
subsequent to the formation of S, may be indicated.

Despite the relatively planar appearance of S, along seismic profiles, the surface
exhibits several meters of relief across the seismic traverses. The average slope of the S,
surface (figure 20) is very similar to the modern seafloor in both orientation and
magnitude (table 2), although there is no indication of remnant shore-parallel sedimentary

structures similar to the modern sea-floor sand ridges.

SURFACE | AVERAGE STRIKE | AVERAGE DIP
Seafloor N7E 0.00040
S NZLE 0.00043

Table 2. Average strike and dip of the two upper surfaces in the study area.
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Ravinenment Unconformity

The third unconformable surface (R,) is spatially discontinuous and non-
resolvable in seismic profile due to its small lateral size and close vertical proximity to the
R, surface. R, is identifiable in core as one or more layers of coarse, low-mud sediment
which abruptly truncate muds and fine sands. In section, coarse sediment overlying the
unconformity surface usually grades upward into interlaminations of fine sand and mud. R,
is charactenized by strong lithologic contrasts within estuarine-like sediments, and is
usually found between the S, and R, surfaces.

The fourth unconformable surface (R,) is discontinuous in seismic profile and
variable in extent. The surface is represented by a planar, sub-horizontal to horizontal
reflection which does not truncate other reflections in the seismic profiles, and is usually
found within the relief of sand ridges between the S, boundary and the seafloor (figure
21). Examination of core sections which penetrate through R, (figure 22) indicate that it
abruptly separates underlying very fine sediment from the much more coarse sand ridge
sediment, suggesting that R, is truly erosional in character. Although R, would have
originally been continuous across the study area, it is now only partially preserved within
existing sand nidge structures. In addition, R, merges with, and is indistinguishable from,

S, in regions where R, has eroded to the S, sequence boundary.

Depositional Units
Six depositional units are resoivabie in seismic profile and correspond to specific
environments of deposition as determined by sequence stratigraphic and sedimentological

analysis (figure 14). The units are assigned a letter designator corresponding to their
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the S, unconformity (from seismic line TI-12N).
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inferred age of deposition (T=Tertiary, P=Pleistocene, H=Holocene) followed by a
sequential subscript designator. T, P, P,, H,, H,, and H, and are listed in relative
temporal and stratigraphic order from oldest to youngest. Representative sediments were
recovered in cores from each unit except T.

One or more of the units may be missing along a given seismic traverse or at a
specific core location. To better explain how environments of deéosition were determined
for each unit and to develop a conceptual model of their development, each unit is
completely described in the following sections using sequence stratigraphic concepts,

sedimentological analyses, and lithostratigraphic relationships to the other units.

Depositional Unit T:

Depositional unit T underlies the discontinuous, generally deep (>40 m below sea-
level) unconformity S,. Seismic reflection patterns from beneath S, are variable in intensity
and pattern, from very strong, parallel to slightly arcuate single reflections to ovular
regions of acoustical transparency which may represent concentrations of methane gas
within fine grained sediments. Many deep reflections are obscured by the multiples, which
makes interpretation of the reflections less certain. No core reached the T sediments, but
based upon lithological descniptions from the U.S. Geological Survey Marine Observation
Well 2 off of Atlantic City, New Jersey, T sediment is most likely a variety of silty marine

muds which are interbedded with sand and gravel layers (Mullikin, 1990).
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Depositional Unit P L'-—B 2

P, and P, underlie the S, unconformity over most of the study area, except in
restricted regions where older, high-relief Tertiary sediments crop out against the S,
surface. Slightly arcuate, concave upward reflections of variable intensity characterize P,
immediately beneath the S, surface (figure 23). Arcuate reflections extend down to
approximately 15 m beneath the unconformity, and can be seismically traced for several
kilometers. Some reflections terminate against stratigraphically higher arcuate reflections
while others terminate at depth (25-40 m b.s.1.) against a very intense, sub-parallel
reverberatory reflection horizon (S;) (figure 24).

P, is composed of very coarse sand, gravel and pebble sediment which overlies a
well sorted sandy seciiment (figure 25). Most of the sediment which was recovered at the
same depths as the seismic, arcuate reflections is very coarse, containing little to no fine
grained muds other than a thin, white clay coating of the sediment grains. The white clay
appears to be of kaolinitic composition. An intensely yellow, limonitic clay underlies the P,
sediments (figure 26) at core AV-09 (figure 7). A micropaleontological search revealed no
carbonaceous material, nor foraminiferal or diatomaceous organisms within the yellow
clay. Other more coarse sediments with limonitic coatings are found in thin (>0.2 m) beds
immediately underlying the white clay coated sandy gravels. These sediments lie close to
the S, surface at core AV-04 (figure 7).

On seismic line TI-12N (figure 4}, sub-parallel, steeply dipping, latera! clinoforms
extend from the S, surface 15 meters in depth to the deep, planar S, surface (figure 27).
1.5 m of P, sediments were recovered from these clinoforms at core AV-11 (figure 7) and

are composed of relatively clean sand and gravel with some burrow traces. This sediment
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Figure 27. Sub-parallel, steeply dipping, lateral clinoforms extend from the planar 8,
surface 10 meters in depth to the S, surface along the shoreward portion of seismic line
TI-I2N. Core AV-11 recovered bedded coarse grained sediments from below the S,

unconformity surface. The gravelly sand structure may represent a laterally accreting
bay-mouth shoal complex (from seismic line TI-12N).
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is similar in composition and clast size to the uppermost H, sediment, but underlies the S,
unconformity.

Core AV-18 (figure 7) was collected in the swale between two sand ridges iz the
southern region and recovered a thin mantle of coarse sediment overlying fine mud and
sandy mud. The sharp lithological contact between P, and H, is indicted in seismic profile
by a very high amplitude reflection which is easily resolvable despite its proximity to the
seafloor. It is immediately underlain by shallow, concave upward reflections thch
terminate against the S, surface (figure 28). In core section, these P, sediments are
composed of coarse grained sandy gravels which are similar tc the P, sediments found at
other core locations. However, AV-18 also recovered wood fiber and a portion of iree-
branch or tree root which were entrained within the P, sediments. This well préservgé
terrestrial organic material in the shallow, upper portion of the ¥, sediments suggests that
the sediment is likely to have been deposited in or near a sub-aerial environment. 'C
dating of the wood fiber returned a date in excess of 42,890 ka (Beta Analytical
Laboratory No. 90134, 13C/12C = -25).

Two deep (5-15 m) river valleys (P,) are incised into T and P, sediments along the
shore-proximal portion of the seismic lines and along the outer portion of the southern
seismic lines (TI-1N, TI-2N, TI-3N, and TI-4N). In some cases, the valley is locally
truncated by the S, unconformity surface. The southern area river valley is approximately
600 m across and 10 meters in depth {figure 29}, exhibits an asymmetric profile, and
contains an apparent width to depth ratic of 60 to 1. Channels of similar depth are

observable along seismic lines TI-2N, TI-3N and TI-4N (figure 4), although the width to
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Figure 28. Core AV-18 recovered wood fragments from coarse sand and gravel. The wood
was C dated at greater than 42,890 b.p., and apparently was fluvially transported to its
present location. The arcuate reflections probably result from the filling of a paleochannel
which traversed the inner continental shelf during the Pleistocene (from seismic line Tl-
IN).
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depth ratios are not always equivalent. Different apparent widths of meanders would affect
the width to depth ratios.

The northern valley typically exhibits a series of high amplitude seismic reflections
along the bottom few meters of the channel (figure 30), which may represent a lithology
change from fine grained organic-rich sediment (recovered from core AV-12) to coarse
grained, relatively clean sand and gravel sediments. Typically, the high amplitude
reflections become indistinct, low amplitude reflections toward the top of the channel.
This upper, low amplitude zone correlates with fine grained, burrowed, shell bearing silts
and clays in the lower portion of core AV-12 and at AV-14 (TI-10N, figure 7). Towards
the north, the valley widens and extends in width beyond the range of seismic coverage.

Based upon limited spatial data, the northern channel appears to run approximately
shore parallel through the study area where it is relatively close (< 5 km) to the modemn
shoreline (figure 31). It exhibits a very large width to depth ratio (in excess of 300 to 1)
on the inner portion of the seismic lines. In the southern area, the channel is less wide and
is more shore perpendicular. Future seisﬁic studies may better delineate the paths of these

buried valleys through expanded seismic coverage.

Depositional Units H _;_L_fi;. and H 5!

H, and H, are widely distributed in the study area, but are not present at all core
locations. They usually underlie H, but are also found exposed at the seafloor in some
areas which lack the H, sediments. Because these units are often less than 2 min

combined thickness, they are difficult to discriminate in seismic profile. H, and H,
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the cored interval indicated (Core AV-12). The high amplitude reflections filling the lower
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formed during the last Pleistocene lowing of sea-level. The sharp reflection in the upper
portion of the channel (r) is caused by a strong lithology change across a muddy sand layer. In
this image, the S, unconformity is truncated by S, (from seismic line TI-I2N).

79




80

74430 00"

NEW JERSEY

>

&
QO

&

S ¢
{

EXPLANATION

—— Seismic Line Track

s River Channel

L

Apparent Channel L
Width and Deepest
) Point of Channel
———— D River Channel/
0  meters 5000 e Baymouth Shoal
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sediments always underlie a low amplitude reflection (R,) which is interpreted as a
ravinement surface when it is found within the relief of sand ridges. Because the process of
shoreface ravinement often completely erodes through back-barrier/estuarine sediments
(Nummedal and Swift, 1987, Hine and Snyder, 1985), R, may, in some locations, merge
with the regional unconformity S, and place the overlying H, sand ridge sediment in
direct contact with the underlying Pleistocene units.

H, is a fine grained, high mud sediment which contains large quantities of organic
plant matenial (peat) and shell detritus. Whole shells are common and tend to be found
clustered in discrete, confined beds. Sandy beds or laminations are less common but
occasionally interfinger with finer grained sediments. H, core recovery varied between 0.2
m and 7.1 m in thickness. In some locations, H, sediment thickness exceeds the 6.5 meter
limit of core penetration (caused by expanding clay sediment in cores with multiple cast
attempts). Seismic (figure 30) and core data (AV-12; Appendix A) demonstrate that fine
grained muds fill a deep incised valley complex with over 5 m of sediments.

Depositional unit H, is found stratigraphically within or immediately overlying H,
sediments. H, is composed of coarse grained sand and gravel sediments with variable
proportiohs of mud. Sediments often form indistinct beds with the most coarse sediment at
the contact with H,. H, rarely contains whole shells, but often contains shell detritus.
Plant material was not found within H, sediments The contact between H, and H,
sediments is usually erosional, with a gradual transition from the coarse sand and gravel
sediment back to the finer grairied estuarine sediment. In some cases, the upper surface of

H, may be in erosional contact with H, or exposed at the seafloor.
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Like H, and H,, H, always lies stratigraphically above the S, sequence boundary
surface. It overlies H, and H, when they are present, and always forms the majority of
relief above the S, unconformity. H,, H,, and H, comprise the entire relief of sand ridges
and other surficial sediment above the S, unconformity. When neither H, nor H, are
present, H, is always in unconformable contact with P, P,, or less frequently, T. When
H, or H, are present, one of those depositional units are in unconformable contact with
P,, P,, or less frequently, T. H, is always separated from its underlying unit by an
unconformity.

The seismic reflection pattern within H, is indistinct to transparent (figure 32),
with any observable horizontal to sub-horizontal reflections always located within the
relief of sand ridges and exhibiting an apparent northeast dip along the ridge axis at from
0-10°. H, reflections appear horizontal in ridge cross-section, and seem to be correlative
in core with minor, conformable lithologic transitions such as bedding planes. The
combination of sand ridge bedding and longitudinally dipping weak reflections suggests
that sediment may have accumulated on the sand ridges in a pattern similar to that of
longitudinal landforms, by migrating up the sloping landform surface in response to at
least two dominant current flow directions. The seismic pattern of H, is generally
transparent along portions of the seismic lines without prominent sand ridge morphology
(figure 33), although the small (<3 m) relief of those areas and the close vertical proximity
to the seafloor reverberation pattemn often precludes resolution of any internal reflection
patterns.

Lithologically, H, is composed of medium to coarse sand, gravel, and pebbly

gravel, all of which is mixed with shelly detritus. Bedding is variable, from distinct, but
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conformable, to indistinct. Bioturbation is frequently evident and in some locations has
obliterated bedding surfaces. All core sections show remnant bedding variations in their
horizontal clast size patterns throughout the H, sections. In cores which exhibit distinct
bedding planes, the beds vary in thickness from 5-50 cm, the smaller beds usually being
composed of well sorted, medium sand, and the larger beds being composed of coarse,
gravelly sand. Gravel/pebble beds up to 20 cm thickness are commonly found between the
larger layers of gravelly sand. Cores were not oriented, which precludes any determination
of bedding orientation. Apparent inclination angles varied between 0° and 20°.

Mean grain size of 60 samples which were taken from the H, unit in 13 cores is
0.56 mm (0.82 @), that of medium sand. The smallest mean grain size of the samples was
0.19 mm (2.35 @) corresponding to fine sand, and the largest mean grain size was 2.04
mm (-1.02 ®) corresponding to gravel. The samples were predominantly poorly to
moderately sorted, with a few being moderately well to well sorted. The sediment
averaged less than 1% mud (0.76 % mean), with a maximum of 5.35% and a minimum of
0%. Clay was usually non-existent. Gravel content averaged 10%, with a maximum of
44 8% and a minimum of 0.04% (table 3). Clean, coarse sediment is characteristic of this
unit.

Based upon a limited number of gravel fraction samples, the vast majority of the
H, sediment is composed of iron oxide stained quartz and quartzo-feldspathic minerals.
Minor quantities (0-10%) of sandstone, siltstone, metamorphic rock fragments, and
recrystailized limestone are also found in the sampies. The recrystallized limestone is non-

reactive with hydrochloric acid and appears to have formed through silicic replacement of




—— R
Environment Sand Ridge Channel Estuarine Fluvial
(Pleistocene)
Number of Analyses 60 14 16 14
Sorting (phi) 0.98 0.87 1.77 1.59
Maximum value 1.86 1.29 4.16 2.48
Minimum value 0.41 0.52 0.79 0.52
Description moderate moderate poor poor
Mean (phi) 0.82 1.35 2.91 0.83
Maximum value 2.35 245 542 2.11
Minimum value -1.02 -0.22 1.36 -0.64
Corresponding
sediment type ¢. sand m. sand f. sand ¢. sand
Skewness -0.19 -0.12 0.35 0.13
Max. Value 0.45 0.38 0.74 0.60
Minimum Value -0.63 -0.44 0.00 -0.50
Descriptor
(Folk, 1980) coarse coarse strongly fine fine
% Gravel, Mean 9.66 3.33 0.80 12.36
% Gravel, Median 3.85 1.60 0.17 6.66
Max. Value 44 80 16.35 4.36 41.10
Minimum Value 0.04 0.17 0.00 0.00
% Sand, Mean 89.32 94.20 81.54 81.55
% Sand, Median 95.96 95.25 89.83 86.10
Max. Value 99.72 99.73 95.09 97.42
Minimum Value 54.61 80.24 43.55 56.57
% Mud, Mean 0.76 247 17.64 6.08
% Mud, Median 0.04 2.08 9.72 5.54
Max. Value 5.35 6.82 55.49 14.77
Minimum Value 0.00 0.10 3.42 047
Suitability Good Poor Poor Variable

Table 3. Sediment summary statistics for coarse grained sediments in four different
depositional environments. Sediments with a total mud content of over 50% (estimated)
were not analvzed for this study, Sand ridge sediment is predominantly coarse grained and
contains a very low percentage of mud, making it an ideal sediment for beach remediation.
Fluvial sediment which is found underlying the regional unconformity is also often suitable
for remediation. Between the Sand Ridge and Fluvial sediments is a variable layer of mud-
rich estuarine sediment which is often unsuitable for remediation.
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carbonate. Some fragments of recrystallized limestone grade into fossiliferous siltstone
along an edge of the fragment, while other similar fossiliferous siltstone fragments have
undergone partial replacement of the fossil carbonate with silica. The fossilized material
includes fragments of zoantharians and is most likely of reefal origin, although no reefal
structures are known to exist in the immediate region. Because these fragments are found
inH,, H), H;, and P, (no samples were taken from T) but are most strongly concentrated
in H,, they are probably reworked from older deposits and may have been transported for
a considerable distance from their place of origin by fluvial transport. Each depositional

unit contains similar gross lithological compositions of their gravel fraction.

Sand Ridge Characterization

Additional topological and volumetric data were generated for the two northern
region sand ridges to better delineate their structure, morphology, and usable sand
volumes. The determination of sand ridge morphology is somewhat subjective since the H,
sediments do not terminate abruptly at the periphery of the ridge, but thin gradually
outward from the ridge axis until influenced by the proximity of another sand ridge axis.
Therefore an arbitrary region must be chosen in which the sediment is considered ‘sand
ridge’ sediment, and from which all other sediment is excluded. The base of the sand
ridge, as defined for sediment volume calculations, is coincident with the S, regional
unconformity surface. Sand ridge thickness must be derived from apparent seismic

thickness, which is calculated based upon the apparent thickness from the seafloor to the

S, boundary as identified in seismic profile (figure 34).
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Figure 34. Sand ridge volume is calculated using seismically derived data. Because sand
ridge sediments thin away from the ridge but may not terminate, a bounding area must be
defined to calculaie the ridge thickness. The bounding area is defined as the S-meter contour
line above the regional S, boundary. These contours approximate the surface expression of
the sand ridges. Sediment thickness is measured from the seafloor to the contour boundary at
each fix point, then integrated along the width and length of the sand ridge within the 5-
meter contour fimit (haich). The lower two meters above the S, boundary are considered
unusable estuarine sediments based upon core observations, and are not included in the
calculations. Using this method, the inner sand ridge and Avalon Shoal sand ridge yield
over 85 million cubic meters of usable sediment (from seismic line TI-13N}.
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The following method is used to estimate sand ridge sediment volume: seismic
depth from the seafloor to the S, surface is measured at the known traverse (fix) positions
along each seismic line which bisects the sand ridge. Seismic line spacing did not allow
more than one axial line to intersect either ridge. Ridge periphery is defined by the starting
depth contour value of 5 meters above the regional S, unconformity surface. These
contours approximate the surface expression of the sand ridges. Two meters of unusable
fine grained sediment is assumed to underlie the sandy portion of the ridge bodies (based
on core observations). The sediment volume contained within the starting contour and
above the S, unconformity, less the underlying 2-meters of unusable fine-grained sediment,
comprises the sand ridge volume estimate.

A 2-dimentional representation of the sand ridge is generated using Surferm
Surface Mapping Software. Sand ridge contours are generated using a linear interpolation
algorithm with a 39 column by 50 row computer generated data grid. Volumes are
calculated using three standard mathematical methods: Trapezoidal Rule, Simpson’s Rule,
and Simpson’s 3/8 Rule. Maximum variance between the calculations was less than 0.5%

for both ridges (table 4). Volume estimates from each method are compared, rounded, and

an average value determined:

Inner Sand Ridge:  48.4 million m3

Outer Sand Ridge:  37.3 million m3
{Avalon Shoal)

Combined, these two sand ridges should provide at least 85.7 million cubic meters of

(112,095,660 co gl )

usable material for remediation of local beaches.




Inner Ridge Avalon Shoal
Volume (miilions of
cubic meters):
Trapezoidal Rule 48 44 3734
Simpson's Rule 48.42 37.31
Simpson's 3/8 Rule 48.62 37.40
Maximum Variance 0.20% 0.09%
Planar Arca
(millions of square meters) 4.08 2.03
Length, maximum (km) 9.0 9.5
Width, maximum (km) 3.9 22
Distance from shoreline (km) 7 12

Table 4. Sand ridge summary statistics. Sand ridge volume estimates are based upon

total sediment thickness above the regional seismic unconformity. Volumes are

constrained within the approximate surface expression of the sand ridge, and exclude

fine grained estuarine sediments at the base of the ridge.

Oil

A black, oily substance coated the sediment grains in a portion of two separate
ridges: in core AV-01 on the southern end of the inner ridge, and in core AV-07 on the
southern end of Avalon Shoal (figure 7). At least 1.5 m of sediment in AV-01 was

saturated with the volatile, black material, while globules of similarly coated sediment
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were recovered from AV-07. The coated sediment in core AV-01 was overlain by over 1

meter of clean, very coarse sediment, while the AV-07 coated material was mixed with
clean sediment throughout the upper two meters of core. This material is most likely oil

which s derived from one of many tanker spills known to have occurred along the coast

of New Jersey Because of the volume of ot needed to saturate over 1-meter of sediment,

this spill probably occurred during World War II when many oil tankers were sunk off of

the New Jersey shoreline.
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INTERPRETATION AND DISCUSSION

Geophysical Interpretation

The late Quaternary paleoenvironmental history of the inner New Jersey
continental shelf is inferred based upon interpretations of high-resolution seismic profiles,
the lithostratigraphy of core sections, and sedimentological analysis of sediments which
were recovered from sites within the study area. The seismic stratigraphy is divided into
six depositional units which are bounded by three continuous and one intermittent
unconformities (figure 14). Two of the surfaces (S,, S,) are easily resolvable in seismic
profile due to their high acoustic reflectivity, termination of internal reflections against the
surface, and their known stratigraphic positions relative to other surfaces.

The S, reflection is interpreted as a sequence bounding unconformity which
developed when sea-level regressed to the outer shelf in response to Pleistocene buildup
of continental ice. As the deepest sequence bounding unconformity, it must have formed
during or before the §'20 isotope stage 4 lowstand at approximately 70 ka (figure 35), and
may have eroded older (Tertiary) coastal plain sediments. Bloom et al. (1974) estimated
that paleo-sea level was at least 65 m below its modem level during this eustatic minimum,
which is s.uﬁicient to expose sediments to the middle shelf. Vail et al. (1977) developed
the onginal stratigraphic concepts which associate sequence boundaries with large scale
eustatic changes; sequences are defined by their bounding unconformities, which are
interpreted as having formed on exposed shelves during a eustatic fall in sea-level.

Following the stage 3 sea-level rise, sea-level fell in response to the last buildup of

Pleistocene continental ice. Sea-level reached a minimum by 20 ka and exposed the entire

New Jersey continenta! shelf to erosional processes. S, is a sequence bounding
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unconformity which is interpreted to have formed during the 5'30 isotope stage 2
lowstand at approximately 20 ka because there is no stratigraphically higher surface of
erosion which can be correlated with that lowering. Unlike S, S, exhibits very little relief
over short (1-2 km) distances and appears nearly planar in seismic profile; Snedden et al.
(1994) refer to this surface as a sand plain which formed by the amalgamation of braided
streams. This is consistent with an arid, arctic environment proximal to the ice margin..
Small arcuate, concave-upward reflections which underlie the S, surface (figure 28)
indicate that small, low velocity, low volume streams were common on the exposed shelf]
but that stream channels were typically incised only a few meters into the shelf sediments.

The S, and S, surfaces correspond to the R1 and R2 surfaces, respectively, of
Ashley et al. {1991) which were identified near Barnegat Inlet, New Jersey, a coastal
embayment which lies approximately 75 km north of the study area (figure 2). In that
study, Ashley et al. were able to associate the R2 surface with the late Pleistocene
lowering in sea-level (stage 2) and inferred an earlier isotope stage for their R1 surface.
Similar seismic patterns within the line profiles coupled with similar sedimentological
characteristics between this study and those of Ashley et al. (1991) and Snedden et al.
(1994) enable the stratigraphy between the sites to be correlated with reasonable
confidence.

The third surface (R,) is accoustically weak in seismic profile and was typically
resolvable only in core. When the sediments across the R unconformity are carefully
examined and understood in relation to the general sea-level history of the region, the
origin of R, can be interpreted as a tidal-current channel cut which formed by tidal channel

migration in a barrier island/estuarine environment (Ashley and Sheridan, 1994). Tidal
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channels form where currents breach barrier island systems and erode through the
underlying sediments (Dalrymple et al., 1992).

The fourth surface (R,) is much less acoustically reflective but is easily located in
seismic profile where it is found within the topographic relief of sand ridges. R, always lies
stratigraphically above the S, boundary. As a ravinement surface, R, does not constitute a
sequence bounding unconformity as defined by Vail et al. (1977) because the boundary
does not represent a significant hiatus in deposition caused by sea-level fall. Ravinement
surfaces are time transgressive erosional surfaces where the age of sediments being
deposited at the front of the ravinement plane (stratigraphically beneath the surface) can
be of similar age to the sediments which are deposited at the rear of the ravinement plane
(stratigraphically above the surface) (Vail et al., 1977). The potentially small difference in
age (a few hundred to a few thousand years, typically) of the sediments across the
boundary is insignificant in comparison with the age difference considered by Vail et al.
(1977) to be representative of a sequence boundary (hundreds of thousand to millions of
years). Additionally, ravinement surfaces are created during rising sea-level, while
sequence boundaries are formed during falling sea-level.

However, seismic stratigraphic relationships across ravinement surfaces do meet
one of the criteria established by Vail et al. (1977) for a sequence boundary,
ravinement unconformities represent distinct and sharp erosional surfaces along which
there are discordant seismic relationships (truncation, onlap) of seismic reflections on
either side of the surface. Because erosion of up to tens of meters across R, conforms to

the definition of a sequence boundary, the surface could potentially be misidentified in

seismic profiles and core sections as a sequence boundary.
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In a study at Barnegat Inlet, New Jersey (figure 2) (Ashley et al., 1991) and in
another study 55 km north of the study area (Snedden et al., 1994), unconformable
surfaces were identified in the subsurface and interpreted as transgressive ravinement
surfaces. These ravinement surfaces are similar in stratigraphic position and in seismic
description to the ravinement surface (R,) which is described in this study, and
demonstrate that regional patterns of erosion have produced consistent lithologic patterns
within the sediments. The sedimentological and stratigraphic characteristics of this type of
unconformity are very similar to those of foreshore ravinement surfaces but are much less
continuous in seismic profile. R, t);pe surfaces may locally truncate R, type surfaces,
making the discrimination and identification of these surfaces very difficult, particularly

when relying principally upon core section data.

Depositional Units

The Atlantic continental shelf of New Jersey is characteristic of a passive margin
with a very low sediment supply (Uptegrove et al., 1995). Most of the Pleistocene
sediment is derived either from nearby glacial deposits in the northern portion of the state
or from reworked and redistributed coastal plain sediments (McMaster, 1954). Ashley et
al. (1991) estimate that only 30 m of sediment has accumulated above the stage 4
unconformity in nearshore areas. In contrast, Quaternary sediments in the Gulf of Mexico
have attained thicknesses of several hundred meters due to loading caused by the
tremendous sediment foad supplied by the Mississippi River (Weimer, 1989). Even with

the modest quantity of sediment which has been supplied to the New Jersey margin over
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the past 120,000 years, a series of clearly delineated, regionally consistent sediment

successions are preserved on the shelf (Carey et al., 1995).

Tertiary Succession:

The lowermost sedimentary succession of sediments underlie the S, unconformity.
Although no cores from this study penetrated to this unit, correlation with deep boreholes
at the Coast Guard Station in Atlantic City, New Jersey and at the U.S. Geolégical Survey
monitoring well offshore of Atlantic City, New Jersey (Mullikin, 1990) suggest a probable
depositional history of this unit. Prior to the stage 4 lowstand which produced the S,
unconformity, an interglacial highstand occurred at approximately 125 ka (stage Se). Sea-
level was approximately 5-10 m higher than modern levels (Mayewski et al,, 1981) and
probably formed the prominent inland escarpment which parallels the coast from Barnegat
Inlet to Cape May, New Jersey. During this period, sediment was transported and
accumulated along the continental shelf in a series of barrier island systems. These old
barrier islands were formed proximal to the modern coastline. The sediments which
comprise the Tertiary succession are marine in nature but vary greatly in composition,
from coarse sand and gravel which were transported along the inner shelf, to estuarne
sand and fine mud which accumulated behind the barrier systems. Shoreface ravinement
and tidal ravinement unconformities developed along the shore-proximal zones of tidal
influence, creating complex depositional and erosional patterns. The Tertiary succession
acoustical patterns which are observable in seismic profile lie at a stratigraphic depth

which is equivalent to that of marine sands and muds which were recovered from nearby
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U.S. Geological Survey monitoring wells (Mullikin, 1990). Marine sand and mud deposits

would be consistent with the observed acoustical patterns of this unit.

Pleistocene Succession:

Beginning approximately 115 ka, sea-level began to drop in response to increasing
glacial ice accumulations on the continent (Toscano and York, 1992) which reached peak
accumulation by approximately 70 ka (stage 4). The build-up of continental ice sheets
caused sufficient water to be removed from the oceans that shelves were exposed to the
middle shelf (-60 m). The exposed shelf sediments were subsequently reworked by
subaerial and fluvial processes, causing significant alteration to the regional
geomorphology and surficial sediment layer. Miller et al. (1973) report that a thin gravel
layer was deposited over extensive portions of the shelf during this period, probably in
response to fluvial reworking of coastal sediments.

Seismic profiles reveal deep channels of up to 15 m in depth which were incised
into the older marine sediments. These 'charmels were partially filled with a variety of very
coarse channel sediments. Excavation of deep, incised channels requires the existence of
large water discharges, suggesting that the region was either exceptionally wet due to
extensive precipitation, or that glacial meltwater which originated at the periphery of the
northern New Jersey glaciers was able to reach the southern coastal shelf via stream
transport. If the later is true, the drainage pattern in New Jersey would have been radically
different from the modern pattern, as no streams which presently flow from the northern,

formerly glaciated portion of the state approach the southern coastal zone.
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Following the stage 4 maximum ice advance and sea-level minimum, sea-level
started rising through the late Pleistocene to a maximum stage 3 highstand approximately
20 m below present sea-level (Feeley et al., 1990) at about 55 ka (Wellner et al., 1993).
Barrier island systems reportedly migrated within 0.2 km of the modern shoreline
(Wellner, 1990; Wellner et al., 1993) depositing a succession of unconformity bounded
sediments between the S, and S, sequence boundaries of this study. On the northwest side
of the study area, an accreting sequence of sediments filled a wide marine depression. This
succession of deposits is transgressive in nature and resulted from a shoreward migration
of sediments during a rise in sea-level. As the marine limit moved landward? a laterally
accreting barrier island or baymouth shoal complex deposited a succession of sediments
on the landward side of the barrier islands, forming a series of steeply dipping lateral
clinoforms (figure 28). Apparent dips on the seismic profiles show a NW strike for the
accreting complex, with sand flow to the southwest (a similar southwestward flow of
sand occurs on the modern New Jersey shelf). Sediments accumulated to a depth of at
least 10 m as the barrier island system advanced landward. The sediments which comprise
this structure are composed of mud-depleted sands similar in texture to modern barrier
island sands. This laterally accreting complex is resolvable on seismic profiles for 5 km
landward of the buried channel, to the limit of the seismic coverage.

Sea-level fell for the last time and reached a minimum by 20 ka (stage 2). During
this lowstand, no major erosional vaileys were incised in the study area sediments, and the
landscape was formed into a planar surface of very low relief. Shaliow streams reworked
the upper surface of the exposed shelf sediments in an arid, ice-proximal environment.

These shallow stream deposits are seismically recorded as a senies of arcuate reflections
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which underlie the S, erosional surface. The sediments just under that surface are coarse

grained and interpreted as fluvial channel sands.

Holocene Succession:

Sea-level rose rapidly from 20 ka to 3 ka, inundating the coastline and forcing the
shoreline to move steadily landward. Rine et al. (1986; 1991) indirectly document the
landward migration of the shoreline by dating carbonaceous shell detritus within sand
nidge structures. Their analysis indicates that the mid-shelf ridge system developed in inner
shelf water depths at approximately 16 ka, and that the inner shelf ridge system was in
existence no later than 5 ka, by which time the shoreline had migrated to nearly its modemn
position. Dating of shell detritus within the inner shelf estuarine muds and sand ridges
indicates that the inner shelf ridge system continuously developed as the shoreline moved
landward (Rine et al., 1986, 1991). The landward transgression rate derived from the ages
of shell detritus from the mid to inner shelf sand nidges is comparable with the known rate

of Holocene sea-level rise (presently 1-3 mm/yr (Braatz and Aubry, 1987; Nichols, 1989)).

Sand Ridge Development

Numerous models have been proposed regarding the origin and evolution of shore
attached and detached sand ridges. These models fall into one of two categories: passive
and active. The passive model views the ridge system as relict, having formed at some
time ini the past as part of a barrier island compiex. In the active model, sand ridges are

mobile, ephemeral structures which are in quast equilibrium with modemn shelf processes.
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Both models have supporting evidence which seemingly refutes the other. Both models
cannot be entirely and simultaneously correct.

One solution proposed by Knebel and Spiker (1977) suggests that there are really
two (or more) varieties of sand ridge which evolve from different processes, and therefore
can exhibit different internal characteristics. This model implies that significant differences
exist in the structure of actual sand ridges and that ridges can be classified into different
catagories based upon their differential development. Swift and Field (1981) demonstrated
a relationship between current induced shear stress and the development of large scale
bedforms. By tying mechanical processes with the development of large scale bedforms in
a dynamic shelf setting, sand ridge morphology and development do not require an
association with abandoned barrier island systems, except for 2 means of concentrating
sediment.

A major step in understanding the developmental history of the Atlantic margin
sand ridges was made with a publication which associates the structure and
sedimentological composition, faunal assemblages, and lithologies of sand ridges on the
New Jersey shelf with specific depositional environments. Rine et al. (1986, 1991)
recognized that sand ridges are composed of distinct lithological layers, even though the
lithological layers are not always resolvable in seismic profile. They deduced that the
layers are indicative of different environments of deposition within the same ridge
morphology, and that the lithologies are correlative between sand ridges of different
orientation and morphology. Rine et ai. {1986, 1951) and Ashley et al. (1991) suspected
that the morphology of sand ridges are governed, at least in part, by modem current

activity. These findings are particularly important when attempting to construct a model of
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ridge formation based upon ridge morphology and orientation. If currents are modifying
the topography of the shelf, morphology of sand ridges may be more related to modern
current vectors than to the environment of deposition. Little detailed information is
available about regional current patterns and velocity structures on the shelf to generate
useful associations. However, preliminary information from an ongoing study by Glenn
and Henderson (1991, 1992, 1993, 1994) at LEO 15 (figure 2, inset) show that modern
average current vectors trend strongly alongshore (southwest) but maintain an onshore
component, the net flow orientation being consistent with many inner shelf ridge
orientations (average azimuth 217° Afrom summer 1991 to summer 1993). Storm generated
currents trend strongly onshore and may contribute significantly to the net sediment flow
patterns along the sand ridges.

To determine properly the evolution of continental shelf sand ridges, the layered
physical construction and sedimentological characteristics of sand ridges should be
associated with appropriate environments of deposition which occur within a sequence
stratigraphic framework. By making two reasonable assumptions governing the New
Jersey pattern of sedimentary deposition during the last marine transgression, the
development of sand ridges on the New Jersey shelf can be explained by a single formative
process, even accounting for differing internal characteristics among sand ridges. These
assumptions are made from a temporally restricted viewpoint: 1) that the general pattern
of inner continental shelf deposition at any time during the last transgression was the same
and that it conforms to a modern analog; that is, that the New Jersey coastline possessed a
barrier island/lagoonal/estuarine system which maintained the same geophysical

relationship to the coastline throughout the last transgression; and 2) that sedimentation
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rates have remained fairly constant throughout the transgression. These assumptions are
reasonable given the present understanding of coastal processes, the gradual nature of
coastal transgressions, and the low sediment supply along the New Jersey coast. As
additional evidence, the +5m Cape May escarpment representing the stage Se barrier
systems nearly parallels today’s barrier system.

The upper 5 depositional units which were identified in this study form a
composite lithostratigraphic column which encompasses a stratigraphic sequences between
the major unconformities S, and S, (figure 14). Each depositional unit retains unique
structural, sedimentological and acoustical characteristics which can be jointly associated
with specific environments of deposition. If no erosion had occured on the shelf during,
or following, the last transgression, a complete Holocene lithostratigraphic coluﬁm would
be observed at most locations. Lack of some units, or portions of units, implies net erosion
subsequent to deposition. Pleistocene (P) units were deposited prior to the last
transgression and are always found beneath the S, regional unconformity. H, and H, units
were deposited contemporaneously with the coastal barrier island/estuarine lagoonal
system as it migrated landward during the Holocene transgression, and represent relict
sediments from the landward portion of a barrier island complex. H, sediment (sand ridge
sediment) is derived from many sources and owes its textural, mineralogical, and
morphological composition to modern shelf processes. All H, sand ridge sediment but the
upper, active layer is ‘relict’ (inactive at present) to one degree or another, but the entire
ridge system can be moved by the gradual erosion and redeposition of sand ridge sediment

due to current activity, given sufficient time. Whether any, or all, of the Holocene
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depositional units are found at a particular location is a function of past and present
erosional processes related to shoreface ravinement, tidal ravinement, and current scour.

Stating that the sand ridge is active requires careful definition of terms:
structurally, the sand ridge can encompasses several distinct layers within its relief (Rine et
al, 1986, 1991, Snedden et al., 1994), each of which may have formed at different times.
Morphologically, the shape and orientation of sand ridges are governed by the sum of
erosional processes past and present. Movement of the ridge is accomplished by erosion of
existing sediments, differential transportation of the sediments, and redeposition of some
sediments within the existing fluid dynamic regime. This does not mean that all layers are
active, nor that the sand ridge layers will move as one unit. Rather, in regions where shelf
currents have eroded to beneath the H, layer (figure 17) and have mobilized H,, H, or P
sediments (see also Rine et al., 1986), only the coarse fraction will be redeposited on or
near the sand ridge.

Various evidence exists for active transportation of sediments on the continental
shelf. McClennen (1973) investigated current activity around inner shelf sand ridges and
determined that currents were sufficiently strong, particularly during storm activity, to
induce movement in the upper meter of sediment at inner- to mid-shelf water depths.
Stubblefield et al., (1975) used petrographic data from grab samples and Vibracores on
the central New Jersey shelf to conclude that up-flank suspensive transport occurred
during intense storm activity, Shell ages within the New Jersey inner sheif sand ridges
(Rine et al, 1986, 1991) are inconsisient and highly variable within short vertical
distances, again supporting the hypothesis of sediment reworking and redeposition within

the upper sand ridge structure (H, sediment). H, sediments which were recovered during
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the coring operation are composed of a variety of large clast sizes, but universally contain
no clay and virtually no silt. The lack of silt and clay sediments within the sand ridge
structure, in a region with abundant quantities of such sediment close to the sea-floor in
inter-ridge swales, suggests that energy levels on and around the sand ridges are too great
to permit the deposition of muds but low enough to permit deposition of the more coarse
sediments on the ridge crests.

The existence of strong, fair weather currents along ridge crests is supported by
modem current studies (Glenn and Henderson, 1991, 1992, 1993, 1994) and observations
during the seismic cruise by divers who investigated Avalon Shoal sand ridge during calm
weather conditions. I suggest that sand ridge structures are in quasi-equilibrium with
modern shelf currents. Many have been in existence for a few thousand years, but all are
being constantly reworked by currents. Much of this activity probably takes place during
storm events when current velocities on the inner shelf are sufficient to transport sand and
gravel, and the along-shore/cross-shore current components are consistent with the
orientation of the inner shelf sand ridges (Glenn and Henderson, 1991, 1992, 1993, 1994).
Preserved bedding structures within the core sections also show sharp variations in
average grain size which may be directly related to sharp changes in current velocities
before, during, and after storm events.

McBride and Moslow (1991) suggested that ridges were associated with barriers
because of the necessity of concentrating sand by tidal inlets. Other geomorphological
evidence suggests that sand nidge development is independent of, and unreiated to, that of
barrier islands, tidal channels, or tidal deltas. Although sand ridges and barrier islands tend

to be of approximately the same size, differences exist. Barnier island systems trend
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parallel with the shoreline, whereas sand ridges trend oblique to the shoreline, typically up
to 30 obliquity. Most sand ridge systems are not parallel to any existing or inferred
paleoshoreline, but parallel the orientation of modern shore attached ridges. Modern shore
attached ridges near the study area exhibit similar internal structures and stratigraphy to
many shore detached ridges (Snedden et al., 1994) and evolve concurrently with, but as
separate entities to, the barrier island system. The physical similarity between shore
attached and shore detached ridges has been noted by other authors (Stubblefield et al.,
1984; Swift et al., 1981) and led to the suggestion that shore detached ridges evolved
from shore attached ridges. Wheth;;:r or not the different ridge types are genetically related
to each other, their great morphological and structural similarity certainly confirms that
shelf processes are able to form ridge structures seaward of barrier island systems.

The sand ridges examined on the New Jersey inner shelf exhibit asymmetrical axial
profiles which produce long, gradual slopes (0.006) from northern to southern ends,
followed by a precipitous reversal of slope (minimum of 0.116) at the southern terminus.
This abrupt escarpment does not appear to have developed as a relict tidal channel
between sand ridges since there are no symmetrical sand ridge systems opposite the
ridges’ ends. Sand ridge orientation and morphology also differs from barrier island tidal
deltas in that tidal deltas tend to develop perpendicular to the barrier island, and exhibit a
much more broad morphology than do sand ridges. Furthermore, tidal deltas are smaller
features than the barrier islands with which they are associated, and no barmer type
structures exist which could be associated with the offshore sand ndges.

Finally, the morphological shape of sand ridges is governed by their apparent relief

relative to the bathymetric lows surrounding them. Because there is ample evidence of
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current erosion at the periphery of ridges where scouring has eroded to beneath the S,
plane (figure 17, see also Rine et al., 1991; Snedden et al., 1994), the relief (and
orientation) of the ridge must be due, at least in part, to modern current activity. These
characteristics of ridge morphology, composition and orientation directly contradict the
models of ridge development which interpret ridges as drowned or overstepped barrier
island systems. Instead, ridge development appears to be multi-staged within a modern,
continuing process of current controlled erosion and redeposition. Clear evidence that
modern sedimentation processes are altering ridge morphology is found within two
recovered sediment cores (AV-01 and AV-07; figure 7) in which oil was recovered. The
depth of the oil beneath a clean, coarse sand layer clearly demonstrates that sediment is
prograding over the end of the ridge escarpment in a manner similar, perhaps, tb that of
giant dunes. The minimum vertical accumulation rates of 1-2 m /100 yr which are
occurring at 10 km distance from the shoreline are conclusive of active shelf transport of
coarse grained sediment, and cannot reasonably be attributed to new sediment transported
from river systems at the shoreface. Strong currents, particularly during storm events,
have eroded through the H, and H, sediments and into the Pleistocene sediments at the
base of inner shelf sand ridges (i.e. figure 17), thus providing ample sediments for

redeposition.
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CONCLUSIONS AND SUMMARY

Stratigraphy

Near-surface stratigraphy is comprised of five distinct lithofacies separated by two
regional unconformities (S,, S,). Older Tertiary (T) sediments are found at depth beneath
the S, unconformity and are not characterized due to lack of recovery during the field
coring operations. Pleistocene sediments (P,, P,) are found between the S, and S,
unconformities, as well as at the seafloor in areas of locally active erosion. These
sediments vary from fine grained muds to very coarse grained sand and gravel.

Holocene sediments (H,, H,, H,) comprise three lithofacies separated by one to
two regional surfaces (R,, R,). H, estuarine sediments are found ubiquitously and underlie
the R, ravinement surface. These sediments are composed of fine grained muds and fine
sand, are often interbedded, and frequently contain abundant shell material. H, facies are
found intermittently and formed concurrently with the R, tidal ravinement unconformity.
H, sediment is composed of medium to coarse sand and fine gravel. The H, sand ridge
facies is ubiquitous in the study area and formed as a result of complex tidal interactions
with shelf sediments. Sediment comprising the H, facies is predominantly coarse grained
sand and gravel with variable proportions of shell material. Silt and clay are generally

found in very low quantities or are absent altogether from the unit.

Sand Ridge Evoiution

Sand ridges are complex structures which must be understood within an

appropriate depositional and stratigraphic framework. Sand ridge morphology is a
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function of past and present erosional processes within an active shelf setting. Orientation
of the sand ridge is governed by modern current flow directions which act to continually
erode and redeposit shelf sand and sand ridge sediments in an active depositional regime.
Sand ridge morphology is determined by the relative proportion of the three Holocene
lithofacies found in a given location, the accumulation patterns of the H, sediment in
response to tidal and storm induced current activity, and the erosional patterns in inter-
ridge swales. Sand ridge relief can exceed the height of the combined Holocene sediments
in regions where current activity at the base of the sand ridge has eroded into the
underlying Pleistocene sediments. Inner shelf ridge systems trend obliquely to the shoreline
(30°) and exhibit axial and cross-axial asymmetry. Ridge systems are ephemeral at any
location and are able to (slowly) migrate in response to changing dynamic conditions on
the inner shelf. The oil layer of possible WWII origin indicates a vertical sedimentation
rate of 1 m/50 years. This corresponds to a lateral migration rate of 1.73 m/50 years,

assuming a 30° angle of repose for sands.

Remediation Potential

Regardless of their formative mechanism, shore detached sand ridges contain
abundant sediment which is suitable for beach remediation projects. Mean grain size of the
H, sediments indicate that the sediment size falls within the parameters required (0.25-
4.00 mm; medium sand to gravel} for beach remediation sediment fill (see appendix for
complete statistical characterization of samples). H, sediment contains very high
concentrations of medium to coarse sand (>70%) with most of the remainder comprising

the gravel fraction. Little to no (<5%) mud is found within H, sediments. Conservative
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estimates of sand ridge volumes yields over 85 million cubic meters (113 million cubic
yards) of usable sediment within the inner sand ridge (northern region) and Avalon Shoal.
These sand ridges are within economic range of high priority remediation sites between
Townsends and Hereford Inlets, and may be within economic distances of remediation
sites south of Townsends Inlet (figure 1). Most of the sediment within the sand nidges lies
at depths of less than 20 meters, well within standard dredging limitations. Another +100
million cubic meters of usable sediment probably is contained in the other southern area
nidges.

H,-type sediments, though ubiquitous in the region, do not generally comprise a
significant portion of the sand ridge volume (<15% based upon seismic cross-section
estimates). This material underlies the sand ridge and, as such, poses no impediment toc
mining activities. In regions where the stratigraphic thickness of fine grained sediments
exceeds a few meters, the sediments generally fill well defined acoustic depressions and
are easily mappable in seismic profile.

Usable quantities (> 3 m) of older, coarse coastal plain sediments underlie much of
the survey region. These sediments were most likely deposited in a fluvial environment
during the stage 2 lowstand and are comprised of relatively mud free coarse quartz sand
and gravel. Though the exact stratigraphic thickness of these deposits were not
determined in core section, seismic analysis indicates that they may locally exceed 7
meters. Because the sediments may represent shaliow channel fill, these deposits may be
sinuous in nature and require careful mapping using closely spaced seismic data.

Another potentially valuable source of sediment is found underlying the S,

unconformity in the northern region, where relatively steeply dipping (0.013m/m)
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clinoforms suggest the existence of a baymouth shoal complex. This sediment is areally
abundant, relatively shallow in depth, and found in close proximity to the modem
shoreline. Because it does not form part of a sand ridge or other positive relief feature, this
sediment may be more favorable for mining should sand ridge mining be deemed
impractical or ecologically threatening. Other smaller relief features are abundant in the
study area and may represent smaller sand shoals. They are not well resolved using a
seismic line spacing of 2 km, but may be mappable with a more closely spaced seismic
grid. If they contain sand ridge type sediment, they may represent an abundent alternative

resource to the larger sand shoals.

Summary

Two sand ridge structures in federal waters off of Avalon Township, New Jersey
contain at least 85 million cubic meters (113 million cubic yards) of well sorted quartz
sand with median diameter of 0.57 mm (coarse sand) which may be of potential use as
beach remediation material. These inner shelf sand ridges are located within 10 km of high
priority remediation areas and in water depths of under 20 m, and can offer a viable

resource to help maintain the southern New Jersey beach system.




111

References Cited

Alpine Ocean Seismic Survey, Inc., 1988, Identification and delineation of potential
borrow areas for the Atlantic coast of New Jersey, Asbury Park to Manasquan:
final supplementary report, detailed investigation of Sea Bright sand borrow areas:
Vol. 1, contract #DACWS51-87-C-0011, modification # P00002, for U.S. Army
Corps of Engineers, New York District.

Alpine Ocean Seismic Survey, Inc., 1994, Offshore Vibracore sampling for NJDEPE:
Final Report, New Jersey Solicitation X-21177, AOSS Contract #1185, Norwood,
New Jersey, 42 pp.

Ashley, G. M., 1987, Barnegat Inlet, Tidal Prism Study, Final Report, U. S. Army Corps
of Engineers, Philadelphia District, 60 pp.

Ashley, G. M., Halsey, S. D, and Farrell, S. C., 1987, A study of beach fill longevity:
Long Beach Island, N.J., Coastal Sediments ‘87, A.S.C.E., New York, p. 1188-
1202.

Ashley, G. M., Sheridan, R. E., and Wellner, R. W_, 1988, Seismic stratigraphy and
depositional history of the ebb-tidal delta and linear shoal complex, Barnegat Inlet,
New Jersey: N.J.D.E.P.E. Division of Coastal Resources Technical Report, 28 pp.

Ashley, G. M, Wellner, R. W, Esker, D., and Sheridan, R. E., 1991, Clastic sequences
developed during late Quaternary glacio-eustatic sea-level fluctuations on a passive
margin: Example from the inner continental shelf near Barnegat Inlet, New Jersey:
GSA Bulletin, 103:1607-1621.

Ashley, G. M, and Sheridan, R. E., 1994, Depositional model for valley fills on a passive
continental margins, i1 Incised-valley Systems:Origin and Sedimentary Sequences,
SEPM Special Publication 51, p. 285-301.

Bloom, A. L, Broecker, W. S, Chappell, J]. M. A, Mathews, R. K, and Mesolella, K. ],
1974, Quaternary sea-level fluctuations on a tectonic coast; New “°Th/?*U dates
from the Huon Peninsula, New Guinea: Quaternary Research, 4. 185-205.

Boczar-Karakiewicz, B., Amos, C. L., and Drapeau, G., 1990, The origin and stability of
sand ridges on Sable Island Bank, Scotian Shelf: Continental Shelf Research, 10:
683-704.

Boczar-Karakiewicz, B., and Bona, J. L., 1986, Wave dominated shelves: A model of
sand-ridge formation by progressive infragravity waves, in Knight, R. J., and
McLean, J. R., eds., Shelf Sands and Sandstones, Canadian Society of Petroleum
Geologists, Memoir II, p. 163-179.

Braatz, B. V_ and Aubrey, D. G., 1987, Recent relative sea-level change in Eastern North
America, in Nummedal, D, and others, eds., Sea-level Fluctuation and Coastal
Evolution: SEPM Special Publications, 41: 29-46.

Brinkhuis, B. H , 1980, Biological effects of sand and gravei mining in the lower bay of
New York Harbor: an assessment from the literature: Special Report 34,
Reference No. 80-1 Prepared for the Marine Sciences Research Center, Stony
Brook, NY, 11 pp.

Carey, J. S, Sheridan, R_E., and Ashley, G. M., 1995, Late Pleistocene sequence
stratigraphy of the New Jersey continental shelf, AAPG Abstracts, Annual

Convention, P. 15A.




112

Caston, V. N. D, 1972, Linear sand banks in the southern North Sea: Sedimentology, 18:
63-78. »

Chappell, J. and Shackleton, N. J., 1986, Oxygen isotopes and sea-level: Nature, 324:
137-140.

Conkwright, R. D. and Gast, R. A., 1994, Potential offshore sand resources in central
Maryland shoal fields; Coastal and Estuarine Geology, File report No. 94-9,
Maryland Geological Survey, Department of Natural Resources, 40 pp.

Cousins, P, Dillon, W._ P, and Oldale, R. N, 1977, Shallow structure of sediments of the
U.S. Atlantic shelf, Long Island, NY to Norfolk, VA: U.S. Geological Survey
Cruise Report, 23 p.

Christie-Blick, N., Mountain, G. S., and Miller, K. G., 1990, Seismic stratigraphic record
of sea-level change, in Revelle., R., ed., Sea Level Change; National Research
Council, Studies in Geophysics, Washington, D.C., National Academy Press, p.
116-140.

Dalrymple, R. W, 1992, Tidal Depositional Systems, in Walker, R. G, and James, N. P,
eds., Facies Models: Response to Sea level change, edition 3, Geological
Association of Canada, p. 195-218.

Dalrymple, R. W, Zaitlin, B. A., and Boyd, R., 1992, Estuarine facies models:
conceptual basis and stratigraphic implications: Journal of Sedimentary Petrology,
62: 1130-1146.

Dill, C. E., and Miller, H. J., 1982, Bathymetric and geologic study of a proposed outfall
at Avalon, New Jersey (Appendix C), in Wastewater Handling Facilities, Cape
May County, Converse Consultants, Inc., 17: 1-18.

Duane, D. B, Field, M. E, Meisburger, E. P., Swift, D. J. P, and Williams, S. J., 1972,
Linear shoals on the Atlantic inner shelf, Florida to Long Island, in Swift, D. J. P,
Duane, D. B, ad Pilkey, O. H., eds., Shelf Sediment Transport: Process and
Pattern, Dowden Hutchinson and Ross, Inc., Stroudsburg, PA, p. 447-498.

Emery, K. O, 1966, Atlantic continental shelf and slope of the United States geologic
background: U.S. Geological Survey Professional Paper, 529-A, 23 pp.

Emery, K. O, 1968, Relict sediments on continental shelves of the world: Bulletin of the
American Association of Petroleum Geologists, 52: 445-64.

Emery, K. O, and Uchupy, E., 1972, Western North Atlantic Ocean, American
Association of Petroleum Geologists, Tulsa, OK, 532 pp.

Emery, K. O, and Uchupi, E., 1984, The Geology of the Atlantic Ocean, Springer, New
York, NY, 1050 pp.

Farrell, S. C., Meggison, A, Lyons, T, and Hafner, S., 1993, The New Jersey beach
profile network analysis of the shoreline changes for reaches 1-15, Raritan Bay to
Stow Creek, New Jersev, New Iersey Department of Environmental Protection
Contract # 1219, Trentcn, New Jersey.

Fletcher, C. H., III, Knebel, H. J, and Kraft, J. C., 1992, Holocene depocenter migration
and sediment accumulation in Delaware Bay: a submerging marginal marine
sedimentary basin: Marine Geology 103: 165-183.

Folk, R. L., 1980, Petrology of Sedimentarv Rocks, Hemphill Publishing Company,
Austin, Texas, 185 pp.

Fray, C. T, and Ewing, J., 1961, Project 555, Monmouth County offshore borings, CU




113

report no. 1, New Jersey Department of Conservation and Economic
Development.

Feeley, M. H., Moore, T. C,, Jr., Loutit, T. S, and Bryant, W. R, 1990, Sequence
stratigraphy of the Mississippi fan related to oxygen isotope sea level index;
American Association of Petroleum Geologists Bulletin, 74: 407-424.

Gale, S. J, and Hoare, P. G., 1991, Quaternary Sediments, Halsted Press, New York,
New York, 323 pp.

Glenn, S. M, and Henderson, L. J., 1991, LEO-15 preliminary data summary: Report #1,
Institute of Marine and Coastal Sciences, Rutgers University, New Brunswick, NJ,
S pp.

Glenn, S. M, and Henderson, L. J., 1992, LEO-15 preliminary data summary: Report #2-
5, Institute of Marine and Coastal Sciences, Rutgers University, New Brunswick,
NI, 24 pp.

Glenn, S. M., and Henderson, L. J., 1993, LEO-135 preliminary data summary: Report #6,
Institute of Marine and Coastal Sciences, Rutgers University, New Brunswick, NJ,
6 pp.

Glenn, S. M., and Henderson, L. J., 1994, LEO-1S5 preliminary data summary: Report #8,
Institute of Marine and Coastal Sciences, Rutgers University, New Brunswick, NJ,
6 pp.

Hine, A. C, and Snyder, S. W, 1985, Coastal lithosome preservation: Evidence from the
shoreface and continental shelf of Bogue Banks, North Carolina: Marine Geology,
63: 307-330. )

Huthnance, J. M., 1973, Tidal current assymetries over the Norfolk sandbanks: Estuarine
and Coastal Marnne Science, 1: 89-99.

Huthnance, J. M., 1982, On the mechanism forming linear sand banks: Estuarine, Coastal
and Shelf Science, 14: 79-99.

James, W_R_, 1975, Techmques in evaluating suitable borrow material for beach
nourishment: Technical Memorandum 60, U. S. Army Corps of Engineers, CERC,
Ft. Belvoir, VA,

Knebel, H. J., and Spiker, E., 1977, Thickness and age of surficial sand sheet, Baltimore
Canyon trough area: American Association of Petroleum Geologists Bulletin, 61:
861-871.

Kraft, J. C., 1969, Sedimentary facies patterns and geologic history of a Holocene marine
transgression: Geological Society of America Bulletin, 82: 2131-2158.

Lavelle, J. W., Gadd, P. E., Han, G. C., Mayer, D. A, Stubblefield, W. L, Swift, D. J. P,
Chamell, R. L., Brashear, H. R, Case, F. N, Haff, K. W_, and Kunselman, C. W,
1976, Preliminary results of coincident current meter and sediment transport
obhservations for wintertime conditions on the Long Island inner shelf. Geophysical
Research Letters, 3: 97-100.

Mavewski, P. A, Daton, G. H., and Hughes, T. J., 1981, Late Wisconsinan ice sheets of
North Amernica in Denton, G. H. and Hughes, T. J., eds., The Last Great Ice
Sheets: New York, John Wiley & Sons, p. 67-178.

McBride, R. A., and Moslow, T. F., 1991, Origin, evolution, and distribution of shoreface
sand ridges, Atlantic inner shelf, U.S.A.: Marine Geology, 97: 57-85.

McClennan, C. E., 1973, New Jersey continental shelf near bottom current meter records




114

and recent sediment activity: Jounal of Sedimentary Petrology, 43: 371-380.

McClennan, C. E., 1983, Middle Atlantic nearshore geologic hazards off the New Jersey
coastline, in McGregor, B. A., ed., Environmental geologic studies in the United
States Mid- and North Atlantic Outer Continental Shelf Area, v. I, Mid-Atlantic
Region: U.S. Geological Survey Report, p. 9-1 to 9-16.

McClennan, C. E., and McMaster, R. L., 1971, Probable Holocene transgression effects in
the geomorphic features of the continental shelf off of New Jersey, United States:
Marine Sedimentology, 7: 69-72.

McKinney, T. F., and Friedman, G. M., 1970, Continental shelf sediments of Long Island,
New York: Journal of Sedimentary Petrology, 40: 213-248.

McMaster, R. L., 1954, Petrography and genesis of the New Jersey beach sands: New
Jersey Geological Survey Bulletin 63, Trenton, New Jersey, 238 pp.

Meisburger, E. P., and Williams, S. J., 1980, Sand resources on the continental shelf of the
Cape May region, New Jersey, Miscellaneous Report #80-4, U. S. Army Corps of
Engineers, Coastal Engineering Research Center, Ft. Belvoir, VA, 40 pp.

Meisburger, E. P., and Williams, S. J., 1982, Sand resources on the inner continental shelf
off of the Central New Jersey Coast, Miscellaneous Report #82-10, U.S. Army
Corps of Engineers, Coastal Engineering Research Center, Ft. Belvoir, VA, 49 pp.

Miller, H. J., Dill, C,, and Tirey, G. B, 1973, Geophysical investigation of the Atlantic
Generating Station site and region: Alpine Geophysical Association Technical
Report, Norwood, NJ, 56. pp.

Miller, K. G, Kent, D. V., Brower, A. N., Bybell, L. M., Feigenson, M. D, Ollson R K,
and Poore R Z, 1990 Eocene—Ohgocene Sea-level changes on the New Jersey
Coastal Plain linked to the deep-sea record: Geological Society of America
Bulletin, 102: 331-339.

Mullikin, L. G., 1990, Records of selected wells in Atlantic County, New Jersey: New
Jersey Geological Survey Report GSR 22, 82 pp.

New Jersey Shore Protection Update Bulletin, June 1994, Number 5, U.S. Army Corps of
Engineers, Philadelphia, 6 pp.

Nichols, M. M., 1989, Sediment accumulation rates and relative sea-level rise in lagoons
in Ward, L. and Ashley, G., eds., Physical Processes and Sedimentology of
Siliclastic-Dominated Lagoonal Systems: Marine Geology, 88: 201-209.

Nummedal, D. and Swift, D, J., P., 1987, Transgressive stratigraphy at sequence-
bounding unconformities: some principles derived from Holocene and Cretaceous
examples in Nummedal, P., Pilkey, O. H., and Howard, D. J, eds., Sea-Level
Fluctuation and Coastal Evolution: Tulsa, SEPM Special Publication 41, p. 241-
260.

Off, T., 1963, Rythmic linear sand bodies caused by tidal currents: Bulletin of the
American Association of Petroleum Geologists, 47: 324-341.

Penland, S., Suter, J. R., and Moslow, T F., 1986, Inner-shelf shoal sedimetary facies and
sequences’ Ship Shoal, northern Gulf of Mexico, in Moslow, T. F., and Rhodes, E.
G, eds., Modern and Ancient Shelf Clastics: a Core Workshop, SEPM Core
Workshop #9, p. 73-123.

Posamentier, H. W. and Vail, P. R, 1989, Eustatic controls on clastic deposition II-
sequence and system tract models in Wilgus, C. K. et al, eds., Sea-level Changes:




115

An Integrated Approach: SEPM Special Publications 42, p. 125-154..

Reison, G. E., 1991, Transgressive barrier island and estuarine systems, in Walker R. G.,
and James, N. P, eds., Facies Models: Response to Sea Level Change: St. Johns,
Geological Association of Canada, p. 179-194.

Riggs, S. R., and Belknap, D. F., 1988, Upper Cenozoic processes and environments of
continental margin sedimentation; eastern United States, in Sheridan, R. E.| and
Grow, J. A, Eds., The Geology of North America, V 1-2: The Atlantic
Continental Margin,U. S., Geological Society of America.

Rine, J. M., Tillman, R. W., Stubblefield, W. L., and Swift, D. J. P, 1986,
Lithostratigraphy of Holocene sand ridges from the nearshore and middie
continental shelf of New Jersey, U.S.A., in Moslow, T. F., and Rhodes, E. G,
eds., Modern and Ancient Shelf Clastics: A Core Workshop, SEPM Core
Workshop #9, p. 1-72.

Rine, J. M., Tillman, R. W, Culver, S. ], and Swift, D. J. P., 1991, Generation of late
Holocene sand ridges on the middle continental shelf of New Jersey, USA:
Evidence for formation in a mid-shelf setting based on comparisons with a
nearshore ridge, in Swift, D. J. P, Oertel, G. F., Tillman, R. W., and Thorne, J. A,
eds., Shelf Sand and Sandstone Bodies, Special Publicaiton of the International
Association of Sedimentologists, Blackwell Scientific Publications, 14: 395-423.

Sanders, J. E., and Kumar, N., 1975, Holocene shoestring sand on inner continental shelf
off Long Island, New York: American Association of Petroleum Geologists
Bulletin, 59: 997-1009.

Schlee, J., and Pratt, R., 1972, Atlantic continental shelf and slope of the United Staies:
U.S. Geological Survey Professional Paper 529-H.

Scott, J. T, and Csanady, G. T., 1976, Nearshore currents off of Long Island: Journal of
Geophysical Research, 81: 5401-5409.

Shepard, F. P., 1963, Submarine Geology, Harper and Row, New York, NY, 557 pp.

Shendan, R. E, Dill, C. E,, Jr, and Kraft, J. C., 1974, Holocene sedimentary
environments of the inner continental shelf off Delaware: Geological Society of
America Bulletin, 85: 1319-1328.

Sheriff, R. E. and Geldart, L. P., 1982-83, Exploration Seismology (2 v.): Cambridge
University Press, New York.

Snedden, J. W, Tillman, R. W_, Kreisa, R. D., Schweller, W. J., Culver, S. J., and Winn,
R. D. Jr, 1994, Stratigraphy and genesis of a modern shoreface-attached sand
ridge, Peahala Ridge, New Jersey: Journal of Sedimentary Research, B64: 560-
581.

Stearns, F., 1969, Bathymetric maps and geomorphology of the middle Atlantic
continental shelf Fish Bull 68 37-66.

Swbblefield, W. L., Lavelie, J, W., Swift, D. J. P, and McKinney, T. F, 1975, Sediment
response to the present hydraulic regime on the central New Jersey shelf® Journal
of Sedimentary Petrology, 45 337-358.

Stubblefield, W. L., McGrail, D. W, and Kersey, D. G., 1984, Recognition of
transgressive and post-transgressive sand ridges on the New Jersey Continental
Shelf, in Tillman, R. W, and Siemers, C. T., eds., Siliciclastic Shelf Sediments,
SEPM Special Publication # 34, Tulsa, OK, p.1-23.




116

Swift, D. J. P., Duane, D. B, and McKinney, T. F., 1973, Ridge and swale topography of
the Middle Atlantic Bight, North America: Secular response to the Holocene
hydraulic regime: Marine Geology, 15: 227-247.

Swift, D, J. P., and Field, M. E., 1981, Evolution of a classic sand ridge field: Mayland
sector, North American inner shelf: Sedimentology, 28: 461-482.

Swift, D. J. P, Young, R. A, Clarke, T. L., Vincent, C. E., Niedoroda, A, and Lesht, B.,
1981, Sediment transport in the middle bight of North America; synopsis of recent
observations: International Association of Sedimentologists Special Publication, 5:
361-383.

Toscano, M. A. and York, L. L., 1992, Quaternary Stratigraphy and sea-level history of
the U. S. Middle Atlantic Coastal Plain: Quaternary Science Reviews, 11: 301-
328.

Uchupi, E., 1968, Atlantic continental shelf and slope of the United States: Physiography:
U.S. Geological Survey Professional Paper 529C, 30 pp.

Uchupi, E., 1970, Atlantic continental shelf and slope of the United States: Shallow
structure: U.S. Geological Survey Professional Paper 600D, 231-234.

Uptegrove, J., Mulliken, L. G., Waldner, J. S., Ashley, G., Sheridan, R, Hall, D., Gilroy,
J., Farrell, S., 1995, Characterization of offshore sediments in federal waters as
potential sources of beach replenishment sand--Phase I: New Jersey Geological
Survey Open File Report OFR 95-1, 148 pp.

U.S. Army Corps Of Engineers, 1991, Hydrographic surveying manual, EM 1110-2-1003:
123 pp.

U.S. Army Corps of Engineers General Design Memorandum, 1989, V. II, Technical
Appendix, Sandy Hook to Barnegat Inlet, Army Corps of Engineers, New York,
v.ll.

Vail, P. R, Mitchum, R. M, Jr,, Todd, R. G., Widmier, J. M., Thompson, S., III,
Sangree, J. B., Bubb, J. N, and Hatlelid, W. G., 1977, Seismic stratigraphy and
global changes in sea level, in Payton, C. E., Ed., Seismic Stratigraphy:
Applications to Hydrocarbon Exploration, American Association of Petroleum
Geologists Memoir 26, Tulsa, OK, p. 49-212.

Vail, P. R. and Todd, R. G., 1981, Northern North Sea Jurassic unconformities,
chronostratigraphy, and sea-level changes from seismic stratigraphy in Petroleum
Geology of the Continental Shelf of North-West Europe, Illing, L. v. and Hobson,
G. D, eds, Heydon and Son, London, p. 216-235.

Van Veen, J., 1935, Sand waves in the North Sea: Hydrography Review, 12: 21-28.

Van Wagoner, J. C., Mitchum, Jr., R. M., Posamemtier, H. W., and Vail, P. R., 1987,
Seismic stratigraphy interpretation using sequnce stratigraphy, Part 2: Key
definitions of sequence stratigraphy, in Atlas of Seismic Stratigraphy, A. W. Balily,
Ed., Studies in Geology No. 27, American Association of Petroleum Geologists,
Tulsa, Oklahoma, p. 11-14.

Veatch, A. C., and Smuth, P. A, 1939, Atlantic submarine valleys of the United States,
and the Congo submarine valley: Geological Society of America Special Paper, 7:
101 pp.

Waldner, , J. S, and Hall, D. W, 1991, A marine seismic survey to delineate Tertiary and
Quatemnary stratigraphy of coastal plain sediments offshore of Atlantic City, New




117

Jersey: New Jersey Geological Survey Report GSR 26, 15 pp.

Walker, R. G., 1992, Facies, facies models, and modern stratigraphic concepts, in Facies
Models: Response to Sea Level Change, Walker, R. G., and James, N. P, eds.,
Geological Association of Canada, St. John’s, Newfoundland, Canada, p. 1-14.

Weimer, P., 1989, Sequence stratigraphy of the Mississippi fan (Plio-Pleistocene), Gulf of
Mexico: Geo-Marine Letters, 9: 185-172.

Wellner, R. E., Ashley, G. M., and Sheridan, R. E., 1993, Sesimic stratigraphic evidence
for a submerged Mid-Wisconsin barrier: Implications for sea-level
history: Geology, 21: 109-112..

Weliner, R. E., 1990, High-resolution seismic stratigraphy and depositional history of
Bamegat Inlet, New Jersey and vicinity: Masters Thesis, Rutgers University, New
Jersey, 109 pp.

Williams, S. J., and Duane, D. B., 1974, Geomorphology and sediments of the inner New
York Bight continental shelf: U.S. Army Corps of Engineers, Coastal Engineering
Research Center, Technical Memoir 45, 81 pp.




APPENDIX A

Preliminary
Core Logs

Avalon Shoal Area
Avalon, New Jersey

118




119

Appendix A: Guide to Core Interpretations

Core sections that are shown offset indicate a re-cored section which was
recovered from a subsequent cast position. Recasts were positioned within 10-meters of
the initial position. Depths shown are based upon penetrometer data for each cast, and
begin at the seafloor. Interpreted tie-points (as indicated by unconformities) may show an

offset from the other casts due to the measurement method.

Cores were split into two half-sections. 10-cm samples were collected from section
‘A’ for grain size analysis at the intervals indicated on the core logs (sample). Not all of
the collected samples were analyzed (see Appendix C). Remaining sediment from section
‘A’ was composited into 1-gallon bags over the intervals indicated (composite). Core

section ‘B’ was archived.
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Descnbers Peter C South & Matthew Goss




CORE: AV-04
9 .
Depth ‘?J ’% - color | Facies Lithological Description
m 5 & 3 {Preliminary Description)
o
0 - - 057 25Y73 Shell-rich medium sand.
] z Sheil-rich coarse sand and gravel with
- ] black pebble clasts. Dark brown globs
] o| 058 ¢ oy 4 of sediment, possibly oil saturated.
. =
—_ S
' %| 0sa Dark
] b~ Shell bed.
] i sveors [ TRER ] " | Sand  [Medum toTmesand
7 g Ave-oe & Ridge | coarse sand and gravel,
] avesar || 061 (g Medium to fine sand.
2_'_' g| 062 Sv b1 Medium to fine white sand with clay
7] ¢ sy 7 pods (possilbly burrow traces),
N =| 063 White gradational into gravel beds at 2.05m
- E and 235 m
R Sz g Pan v aiow Very clean coarse sand and gravel with
] ‘é’ Ny wnee | pebbles: grades, yellow to white.
3_: S| o064 N8/ sedmerts | Very coarse sand and grave! with
N < White pebbles; coated with white clay.
7 0865 5Y 718 Yel Same as above, but vellow.
N g 2SYTB | pysocene | Coarse sand with fine laminae of heavy
4 - 2 Yeilow Sedmenes mineral; coarse sand and gravel at base,
5 et
]
6 —

Recoverv Date. 9-3-94

Lautude 39° §7° 08897

Longimde 74° 36 32 88"

Water Depth 48 feet (14.6 m)

Describers' Peter C. Smuth & Matthew Goss




CORE: AV-05

s L
Depth H £ |2 . Lithological Description
g § |g Color [Facies . A
(m) 8 @ (& (Preliminary Description)
SARAS VI Y At -
¢ ] ~& & Light Gray 33":5 Medium sand.
B SY 3n
7 057 V. Dark |Estuarine | Green Clay.
. Gray
. - 5Y 7/1 .
- s 5] Light Gray | Lag Sand with gravel.
- ™~ —
1 i - sv 711 ;
] 2 Light Gray Sand with some gravel.
] T Tidal Color contadf only. . — —~ — T
- 8| om0 Gray
- Channel
. o 25: ;’3 Medium sand.
] Bl gm YG,TW — — = 1.83-1.87 m. : clay laminae
27 g L9 | underiain by coarse gravel.
-
— 073 -
] | o7s |&
: § gs/
] ra
3 - 075
T o077
. 8 )
- Q ‘ NS Estuarine | Sand-silt-clay laminae.
- <
- “VIUAa) d.
. S T [
4 — : ar Tidal
. s & Gre&::ih Channel | 520 and gravel

Recovery Date: 8-31-94

Latitude: 39° 1O

05.28"

Longitude: 74° 33' 53.35"
Water Depth: 56 feet (17.1 m)
Describers: Peter C. Smith & Matthew Goss

124
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CORE: AV-06
-
s B » . . "
Depth g E. = Color |Facies Lithological Description
(m) Sl w 3 (Preliminary Description)
oY 1

0 7 N 921\ & Light Gray ggg Coarse sand and gravel.
- 5|2 5v 81 Well sorted white, medium sand, heavy mineral
h s Whie _inearshore | laminae. and some pebbies toward the bottom
. 0'23\\ xr | Estuarine | Gravel and pebbie (lag?) with v. coarse sand.
B - 5y 254 interiaminated fine sand and mud; white and
- 15 Black greenish sand at 0.57 m.

1 \?Zy KT Muddy coarse gravel and pebbles, most coarse
- " = Y %”! in center.
] 5 g an )
- o||Z ;s White | (Pasccene) | Interiaminated fine sand and mud.
- 2 @8 | [25Y81 | coasta | Nom-bedded whitish-pink, medum sand, faint
- Whie | 5. nds of minerals. I
- © 11.05-1.12: Gravely CS with white clay at top.

5] g @ sy an 1.12-1.32: A nommally graded bed of m o ¢ sand.
. z Whie [1.32-1.72: Mto ¢ sand with clay laminae ar base.
] 1.72-2.35: interiaminated clean ¢s, ms, and white,
- uddy fs.
] o0 25v8n Coarse sand and fine gravel with pebbies at the

3 - - Whie base. No bedding apparent
— 5 Gravely medium to coarse sand, poorly soried.
. z (Pestocere)
- c \ Interlaminated fine to medium sand, with mud n
7 || :asta the coarser sediment. Fine sand has visible
- 1 fam congenfration of dark minerats.
-1 of (32 Pebbly, sandy grawei,_gravei layer at base
- 5 Intedarrunated hne sand and mud

4] g ,
- < Fine to medium sand.

Gl

6 —
-

Recovery Date 9-3-64

Latitude 39° 07

Longnude, 74° 38" 38017

Water Depth. 30 feet (15.2 m)

Describers: Peter C. Smuth & Matthew Goss
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CORE: AV-07

2l ¢ w . . TN
g o |= Lithological Description
Depth el § |8 color |Facies L o
(m) Sl w & (Prefiminary Description)
0 4 25775
3 § ¢ Pale
= 2| 080 Yeliow
] | Los1
1 3 g Upper | Medium to coarse sand, sorted and
. B 082| ¢ clean, with shell. Slightly orange at
7] ¥ 2 z| 086 Sand 5
. 8 ‘ top, with a color change at the
4k ¥ 2083 Ridge |pottom. Bedding not apparent.
: '. .': o 087
-1 :':.. sl 2084
2~ |rsnaoardd S 3
- - _; <;z 088 &
1 | 8_—1085 NY
n . t>) Q89 V_Dark Gray
_ <
3
] . §125782
. 81090 &/ o van Medium to coarse sand and gravel
> b — -]
- <<
. — 091 | N
4 8o I N’S’ < Upper | Whitish medium sand, little gravel.
-—d <
] 5| 093 - - - S?Nd Coarsens downward to coarse sand
. e Ridge | and gravel. Some blackened
h ] 094 N& sediment.
5 — g 095 P Medium to coarse sand, little gravel.
. b Oil_globs.
6~

Recovery Date: 9-6-54
Latitude: 39° 05° 21.69"
Longitude: 74° 34" 04 38~
Water Depth: 36 feet (10.9 m)
Describers Peter C. Smuth & Matthew Goss
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CORE: AV-08
&
s 2 . . . s
Depth 8| E- 2 Color | Faci Lithological Description
r ; .
(m) § o é olor |Facles (Preliminary Description)
0J [ won L _ |&[25Y7A | Clean coarse sand and gravel _ ]
-
- g |06 25YBR
b ¢ &| Pae Clean medium sand.
7 < Yellow
1 esoecw — . - -~ - - - - - - 1
X N N ] Gravely cosrae sand
- teevoveS 8
1 = b o = [- | = - - - - = = === =
] z : Medium sand at the top, grading to
1 | m 1 coarse sand at the bottorn,
1 ke 089 N4
- Jone owf Y fa = Dark Gra
B ’.......C.OO. . y szaprp‘fr / Medium to coarse sand,
- gy N/ i
- o 100 Dark Gray| Ridge with shelly grave! bedsat22mand 3.1 m.
. AL SY 63
. o 5 < Paie
] g9 Olive
: Tusase e \(
- 101 ‘
. 12| [25v74 |
3 . Pale
n 108 Y;;‘:‘: Sediment is poorly faminated from 3.2 m to
b Dark Gra 35m.
7] E’EMSM Nearshore/ | Gray clay at the top; sand-sit-clay laminations
. B Gray
- sgy gt | Estuanine beneath.
4
4 ]
5 -
-
& —

Recovery Dawe: 5-6-54
Latitude. 38° 07 34.37"

Longitude  74° 31' 37.05"

Water Depth: 42 feet (12.8 m)

Describers’ Peter C Smuth & Matthew Goss




CORE: AV-09
-
Depth H ‘§. = Color |Faci Lithological Description
£ olor (racies . o er
(m) Sl o E (Preliminary Description)
U - o4 ugi‘f g:ay IShe¥ Sand| Fine sand.
] Y 71
N | & Ugsm S,m, Medium {o coarse sand, grades into lower bed.
~ A Bidturbated clay, hard and dense. |
N 5Y 5/ -
] . ﬁ- Gray  |Eeniarine Medium sand, ciean, quarizose, no shells,
’ - g 5Y71 Clean, coarse quartz sand.
N s 5Y 5/ ) ,
- &| Gray Well sorted medium sand , bioturbated, with
] ] o7 ™ svan clay filled burrows.
- g Gray
. g Eg:; Pebbly, gravely coarse sand.
2 -
.. SY 811
. - o8 Whie
] 8
] g
. < Tigal | Interaminated coarse sand and gravel, with
n ase Chma ( well-rounded pebbles and a whie clay pod
3 - el @245m
B o
] 8
] S
. < N§/
§ 040 25Y 8/ Gravelly, medium to coarse sand.
B 3| on N7/ Medium sand & the top, grading to coarse
4 — 8 Light Gray gravel at the battom.
. Z| 042 NB/ White | irumene) | Very coarse sand /fine gravei with a white clay
= &ﬁ _A5vSs matrix. Bottom 2 cm is stained orange.
N 25Y T | Coastal ! - : :
- Yedow nterfaminated yellow silt and clay. Bottom is
] L svsiay]  PIN | black, organic rich clay.
57
6 —
Recovery Date 9-2-94

Lautude 39° 03 22 407

Longitude 74° 41

12.62"

Water Depth: 44 feet ({34 m)

Describers Peter C Smith & Matthew Goss
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CORE: AV-10

[ ]
Depth LML . Lithological Description
gl § |g| Color Facies Jimi Descrioti
3w |& {Preliminary scription)
U4 pezoses
q BiEEE 104 | |25v78
-l peoweae s ¢
4 pIiiiii § & o Very coarse sand, grave, and pebbles
4 Biiiii s veow | Sad | VY + Grave anc peshies.
TR
I ws_ | - o ]
] v 25782 | Ridge |Medium to coarse sand and some fine gravel
- 85| 108
: 1|8
18z : < & P — - - - - - - = -
4 B i - Yelaw Very coarse sand, gravel and pebles.
- B o3
b 2 w — — — —— m——— —— — — —
. 3 | Medium to coarse sand and some fine gravel. __
- z Very coarse sand, gravel and pebles.
7 © 4GY 41 .
- ] re gy | ESWANE | Green sandy mud, biotubated.
- z SGY N Nearshore| Very coarse sand, gravel and pebbles, normally
-1 | Green-Gray graded.
7] B
N g 108 “')‘hs"; Beach? | Well sorted, clean, medium sand.
] ° N7/ Very hard and dense coarse muddy gravel and
- 5 Light Gray pebbles.
N g N&/
- 2 . . )
. 100 Whie Fluvial Coarse sand and gravet with white clay matrix.
- Channel | interiaminated medium and coarse sand. Some
m Ng&/ ) ‘
n g Whie heavy mineral bands present. Some white clay
- 9 faminae.
- < N&/ Very coarse sand and gravel with white clay
7 112 Whie matrix.

Recovery Date: 9-56-94
Lantude: 39° 07 26.42"
Longitude- 74° 32" }1.82"
Water Depth: 47 teet (14.3 m)

Descnbers: Peter C. Snuth & Matthew Goss




CORE: AV-11

1

o
Depth i % (s _ Lithological Description
gl § |g| Color Facies - .
&l & |& (Preliminary Description)
U 4 § 1S g KN Thel |Medium to fine, mottied, sitty, bioturbated sand.
n gl 114 Gmensh Sandy mud, with 3 cm bed of coarse sand and
i | < | Gray grave! at tap.
" § 15 5y a1 CT;dal Clean medium ta coarse sand, laminated, with a
- = White hannel | peq of gravel near the top.
] - 5G 41 Indistinctly bedded muddy sand. Relatively clean
1 - || 116 D. Gr Gray 4 om bed of sand at 0.3 m.
o~
7 B
3 g NE b aymoutn |Very coarse sand. gravel and pebbles which
» = Gray ohoal | fines downward to medium sand.
- 117
: -l 118 519/ 1 (Paistceens) .
] g 5Y 7H Clean medium to fine sand; burrow trace at
] 1A Yom
2 NE/
- < 1" 5G 41 Tigal | Interiaminated fine sand, silt, and clay. Bioturbated.
: 5 D Gr. Gray | Channel [Feverse graded coame sand and gravel 1cm clay Bminae 3t
<
J - —;G-él'; Coarse sand, gravel and pebbies with dark clay
] - Whit staning sedment grains.
7] ] € Baymouth . ——
-1 A Shoal Clean medium to coarse sand, massive, with
34 E: 121 thin burrow or root traces. and some gravelly
- {aminae.
: __‘1__?2‘-—?""/ (Plasiccene)
. 25Y7R2 .
- g Lige Gray lean medium to coarse sand with some
] o ‘ gravelly laminae.
z
1 v
4 . 13 N& Gray
57
6 —

Longitude 74° 35" 32.03"

Racovery Date: 8-30-94

Latitude 39° 11 G1.827

Water Depth 49.5 feet (13.6 m?

Describers Peter C. Smuth & Matthew Gaoss

0




CORE: AV-12

131

°
= K3 w» R - Y
Depth g E_ %! color IFacies Lithological Description
Sl @ é (Preliminary Description)
0 5Yes Shelf ;
B & Pale Olive g Coarse sand and gravel. Pebble lag on top.
i 5Y68  |earshore | Bioturbated sand and gravel, fining downward.
- 124 | &|Pale Oiive Burrow traces are filled with clay from below.
. (sand)
] 125
1 SBG S/ _
] - & |Greenish | Estuanine | intertaminated sand, sitt, and ciay. Fine material
- Gray is deposied over a coarse sand bed.
N ]2z (mud)
- g 18 N/ ) Coarse sand and gravel with white clay matrix.
2 g Whie (:m) Dark clay laminae at 1.6 m separates this unit
2 — {sand) from the one above.
. N&/ Fluvial )
] 129 Whie | (Pestocene) Slightly muddy coarse sand ad gravel.
3 -
7] Burrowed and bioturbated green massive,
- dense mud with biack organic material
] (possibie peat). No evidence of shelis. Sift
~ g - bedat 4.7m.
B o
4 — Hm Estuarine
] Channel
" 5G ¥1 Fill
: (Fexstocene)
- 8 Greenish
] o Gray
5~ N
] g
6 — Z
] Core measured 10 7.35 meters depth from
- initial start depth due to clay expansion,
- &
— %’ ot AVE-08Z removed from 7.2mio 7.38 m.
7
Launme 39° 09 57877 Water Depth: 39 feet (17.9 m) Recovery Date' 9-7-94

Longitude

74° 335

5 e
PAY

Describers: Peter C Smith & Matthew Goss




CORE: AV-13

o
Depth % = ] Lithological Description
g g| Color (Facies . .
(m) s & |2 (Preliminary Description)
DJ fiizizs X I¥ ] 257 B2 edian 1o coarse sand
4 [ZTZZZZ 2 13 25vs2 Slightty sity fine to medium sand.
- o6 B Upmr
. ssewe
SRR g[ ‘25;;;“ Coarse sand and gravetwith much coarser
 EEEERS § 12 Yellow sang | grainedsandand gravel at top and bottom.
p= * 9 0 &6
L .: > 3y Yy vy
13 :. | yx N& Gray Ridge Whitish gray medium sand.
1t 13 NS/4 Coarse sand and fine gravel in sharp contact
~ : : Gray with the undertying muds.
J |z — 5BG 4/1
- ~ Dark . Interfaminated and bioturbated fine sand, silt
] 8 Greenish |ESRaMne | 5 ciay with a gravel podat 1.83m.
2 — 0z Gray
-d <
N §— i Gray | LAG Very coarse sand and gravel. Prob. coring lag.
] S
. < SBG 4/1 interlaminated, bioturbated, and burrowed
7 Blueish |Estuanne | sand, silt, and clay. Organic (peat) layers
7 Gray visible.
3 -
4 ]
Che
6 —

Recovery Date: 8-7.94

Latitude: 39° 09 34 007

Longitude: 74° 35 1491"

Water Depth: 47 feet (14.3

m)

Describers. Peter C Smith & Mathew Goss

(93]

b




CORE: AV-14

2 % %3 . . L g
Depth H E = Color |Facies Lithological Description
(m) LI K- (Preliminary Description)
o} 8 N4
- ol 16 &| Dark | Sref Slightty muddy fine to medium sand.
] Z Gray | Send
- S"" Sy 25n Slightly sandy mud; high clay content
-1 «
3 I A 1 1 ¥
1 — _ * :ark Near
. 3| Gray | SP*€ |, d with clay interlaminations, fini
1 |r==e=s s Estanne rse san clay i minations, fining
I EEE downward to muady fine sand.
1 = | 18
4 |[====== 10
5 [
n 5G 4/1
. (b)
—
- Dark
- / Greenish
- i 140 Gray
341 T
1 Medium to fine muddy sand with mud
o R Near interlaminations. Generally fines downward.
b T S Shore/
1 === ~ Estuarine
1 |reze== e
I P g =t
I N H
44 |-
= I
—‘ ______
e
5 | &
= z
65 —

Recovery Date: 9-7-94
Latitude: 39° 09 10.42"

Longitde: 74° 36 51 86°

Water Depth: 48 feet {14.6 m}

Describers: Peter C Smith & Matthew Goss




CORE: AV-15

[.4
Depth H % |2 or |Faci Lithological Description
r s .
(m) ] § 3 Color |Facies (Preliminary Description)
0] N25
-~ - Black
] ® NX )
7 5 v ark Fiuviai | Coarsesand and gravel lag deposit (black) at
N s ray Channet | e upper surface, grading down to
] Sy Zf interbedded gravelly coarse sand and sfightly
] ™ lé?'ay (Prastocene} | muddy (white mud) medium sand.
1T g
7] ©
-1 2 N7/
] *| 038 | light Gray
2]
]
-
3 § N7/ C?Emvixaelt interbedded gravelly coarse sand and medium
- z N& (Pestcene; | SBNG.
4
57
6 —
Recovery Date: 9-7-94
Latitude: 39° 07 32.33"
Longitude’ 74° 34" 27.15"

Water Depth 69 teet (21 0 m)

Describers Peter C. Smuth & Matthew Goss

4




CORE: AV-16

135

e
Depth IR ) Lithological Description
g E‘ g| Color |Facies o .
(m) 8 & |S {Preliminary ~Description)
0 J .o & 257 8%
- |2 Pale
- g 1 Yellow
- )
- <
] v
n 25y 8/ Upper
1 Whie
. Sard
_ Medium to coarse sand and grave!; indistinctty
] 1 Ridge | bedded, containing abundart shel hash.
2 NS/
. Gray
- 1
2 -~ N4
3 S\XIS‘L UPPer | pMedium to coarse sand and grave!: indistinctly
. :;"‘e bedded, containing abundart shel hash.
3- S
H4  |=== | 165 5 ;5’ ! Interbedded fine sand and mud; burrowed.
1 === z Nearshore/ | Sediment is bedded but exhibits an overail
4 frm=ees 2 Estuarine | gradational contact with the overiying
B N&/ sediment.
4 168
1 == 167 N4
- = — e
] === 5
- 2
] — Nearshore/
5 168 & N Estuarine | !Merbedded fine sand and mud; burrowed.
i 2 Whie
4 |=== S
4 | “| 189
- N& Gray
6 —

Recovery Date. 9-2-94

Latitude: 39° 02" 21 14"

Longitude: 74° 41" 47 81"

Water Depth. 30.5 feet (9.3 m}

Describers: Peter C. Smuth & Matthew Goss




CORE: AV-17

136

[
s 2 v . . _
Depth H E. = Color |Faci Lithological Description
£ g r acies .. .
(m) 3 @ & (Preliminary Description)
[ 045 5Y 7/2 Bhell Sandi Shell contaning buff medium sand.
: « 25Y 71
7 8| 06 » Nea ) .
. Q A rshore | intarbedded medium and fine sand with mud
_ < - Y iaminae and shels. Coarsest sand and gravel
. Grays | Tidal | isatthe base. Sediment does not forma
. 2 047 ne sharp contact with the underiying sediment.
12 g| o
4 ~ | 25YR_] !
- 8 2572 Medium to coarse sand and some gravel at
. % 049 V. Dusk the top but quickly fining downward to fine
- — "Red Estarine | 2" sitt and clay laminae, bioturbated and
- Marsh burrowed, but no shelt material Upper 0.5m
2 _ 80 8Y 44 contains reddish brown lignite, with the
- highest concentration at the contact with the
-] 051 Sy 251 overlying sediment.
: g [~ Black |
- S SY 611
-1 E Gray Fluvial Coarse sand, gravel and pebble (lag) depost
] 52 Ch;::el in the upper 10 cm. Interbedded medium and
— coarse sand and grave!. No lignite or shel.
3 — {Pasiocene)
n 053-2
. § 0543 sGY 711 Same description as estuarine marsh above.
- 2 Estuarine | Ljgrite bearing clay at 3.55m.
- o | Marsh
’ Rl o4
4 H g Gray
N g SCEY r:/ | Fiuvial
- g G?ay Channel | Same description as fluvial channel above.
n <| 5 (Pasiocene)
53 e
6 —

Recovery Date 9-2-94

Lattude: 39° 01 36757

Longitude: 74° 41" 11 42"

Water Depth. 41

feet (125

X

m)

Describers: Peter C Smith & Matthew Goss




CORE: AV-18

®
Depth HIE-NL: ) Lithological Description
g § |8 Color [Facies .
(m) gl @ |& (Preliminary Description)
0 1T |25 es
N 150 N2 Sheilqich medium sand with discrete beds of
- 8 Black shell. Upper 15 cm is brown in color with an
- N § abrupt undertying color contact. Color intensity
] 1 s | Iearshore| Jecreases downward o 1.06 m. Black
- ' coloration is probably organic and may result
1 =] n Ny | ESmanne [ fom decay.
- Dark Gray
] 2 N5/ Clay laminae begin at 1.08 m., with a
4 | - s Gray predaminance of clay by 1.20 m. Contact with
: = the underlying uni is very sharp.
J (e E .i .i .i S g N4/ Fiuvial | Upper 20 cm are very coarse sand and gravei,
o] (f00.00 g Dark | Channel | grading to medium and coarse sand with some
] I 154 Gray |Pesocens) | gravel,
- ] A N4/1  |Estuarine | Clay and silt taminae; very sharp contact.
] g / Fluvial Very coarse sand and gravel at upper
7 Z N4/ Ch;v:el boundary. Medium to very coarse sand and
— (Plastocens; | gavel beds with wood fiberand a 10cm
3 = long by 4 cm diameter root or branch.
4 -]
]
57
€ —

Recovery Date. 9-1-54
Lautade. 39° 00’ 18.16"
Longitude: 74° 41° 16.76"
Water Depth. 32 feet (158 m

Describers: Peter C. Smith & Matthew Goss




CORE: AV-18

&
Depth HE-SE ] Lithological Description
£ é g| Color |Facies - "
(m) S ow (& (Preliminary Description)
0 a2y 25Y713
b p‘c.- : a' t’i P &ie
q 5l & | Yeliow
- WERIEREN
-~ ... .. : .Q'...
- poise S| 141
opriie Q Upper
B es s 08 3 .
1 =N EETEEE 12 Sard Medium to coarse sand and gravel, clean, only
- :.:.: i :.:.: Ridge poor quality remnant bedding remaining. Fines
J oproioey downward.
J EiEiE 143
- ' g 25¢ szJ
- Z| 144 Gray
-1 5Y 82
. 145 YP"a'e Upper
] etow Sard Clean medium sand. Fines downward.
= Ridge
3 146
- 148 (c) 24
- = 7n
. 2 [147 (©) Light| Upper
-4 Y Gray Clean medium sand with a litte gravel.
9 Sand )
] Z L Becomes slightly more coarse toward the
i 148(c) | |Ne | Ridge | pase
m Gray
4 . b 150 B
_ N& Gray
57
6 —

Latitude 3&°

Longitude’ 74° 38 39 15"

Recovery Date: 9-1-94

58" 34537

Water Depth 33 feet {101 m;

Descrnibers Peter € Smith & Matthew Goss




CORE: AV-20

&
A . . -
Depth § E. - Color |Facies Lithological Description
{(m) &l w 8 (Preiiminary Description)
U &| N4
iy 56 41
1 —
- SBG 41 .
- Dark Interbedded fine sand, sit and clay at the top,
2 _ Greenish Nearshore/ | rapidly fining to all sit and clay by 1.0m.
- Gray |Estuarine | The entire section is sightly bioturbated, but
] shef is only found near the surface. Clay
B sharply overlies coarse sand at the base of the
- section.
37
4 —
] = Nearshore/ | As above, mud above coarse sand.
- Estuarine
5 \
6 —

Reccvery Date. 9-1-94

Latituder 39° 00" 50617

Pl

Longitude 74° 37" 26.57"

Water Depth: 32 feet (158 m}

Describers: Peter C Smith & Matthew Goss

9
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APPENDIX B

Navigation and Isopach Data

Avalon Shoal Area
Avalon, New Jersey
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Notes to Appendix B

Grid coordinates are reported in the New Jersey State Plane System
Measurements are reported in meters. Fix numbers correspond to measured locations
taken every 5 minutes from the on-board GPS navigation system.

Original seismic lines with fix positions are maintained by Rutgers University,
Department of Geological Science, and the New Jersey Geological Survey.




Study Area Seismic Depth and Iscpach Data

NJSPE NJSPN Depth Depth Isopach
Line Fix No. ") m m twosS2m ()
TL3EE 883 125522 14802 -12 -2 10
T35E 534 138084 14753 -12 -3 11
TIIZE =5 1386553 15278 ~12 -2 11
T332 £86 138847 15808 -12 24 12
TI3SE 887 137282 |- v<7d -12 22 10
TI3SE £88 137635 16515 -12 -22 10
‘T3.8E 83 138040 16650 -12 21 10
T35 &0 138508 17483 13 -2 9 .
T-3.56 551 138805 17852 a3 2 8 -
TI3.SE s 1302 18254 A4 2z 8
TLISE 50 139612 18718 -14 -2 8
TISE 554 140015 19158 -18 23 €
TII.EE =5 140424 19629 -12 -1 8
T-3.5E 506 140825 X087 -14 22 8
TI3.5E 857 141231 X548 -13 - 9
Ti-3.5E 8 141635 1018 -13 -2 8
TW3.5E 55 142032 21471 -15 21 6
N3.5E &0 12435 21831 -16 -21 S
NISE a1 142824 2371 -10 -1 9
TI5E ax e 22833 -11 -0 ]
TI3.5E ac 14371 23488 -2 =21 -]
T-3.5€ 04 143880 =70 -12 -2 8
TI3.5E &s 1443886 28137 -13 -2 g
TI5E 806 1447687 24572 -12 21 ]
TISE 67 145180 24588 -14 -2 8
TI3.SE 608 14585 22519 -6 -2 ]
T-3.8E axs 148915 P55 -18 -24 7
TI3.5E 610 146325 26305 - 24 4
Ti3.SE 811 146557 26721 -2 -Z3 4
TISE 612 147046 27161 -0 23 4
T3.5E 613 147477 27647 -2 -5 5
TRISE 814 147828 22048 -18 -3 1
THLEE 815 148215 28490 20 -2 2
N33 816 148633 2805 -0 -3 2
TI3.5E 817 148969 29368 -i8 -2 4
T-3.58 818 1465153 =678 -19 -2 3
T35 815 145779 X8 <1 -2z 1
T-3.5E €20 150186 780 21 - -
Ti-3.5E €21 1850580 N1 -2 - -
T35 a2 150858 e Eral - -
T35 83 151389 2147 X -2 3
TI3.8E 824 151824 7. oc <21 23 3
THIEE &5 152189 068 21 22 2
Ti3.5E 28 192557 =37 -2 =24 2
T35 &7 18XIR 22 21 -2 1
N-3.5E a8 1534G7 34478 - -3 3




Study Area Seismic Depth and Isopach Data

NJSPE NJSPN  Depth Depth Isopach

Line Fix No. w a () to 82 (m) (m)
TIS5E & 15812 351 = 24 3
TISE €0 154223 RS ~X -23 3
T35 . <3] 154644 33838 Pr.o) -3 3
TS 3E a2 155044 83E8 2 - -
T3.5E &3 155481 854 2 - -
T3I3E &34 155884 37 21 - -
“TI3.5E s 155319 3770 22 - -
TI3.SE &35 155718 38282 -2 - -
Ti-3.8E a7 1571685 RT3 - - -
Ti-o0W 557 136688 24863 -12 47 s
TI-00W 558 136403 24854 -13 a7 g
TLOOW 589 136254 24401 -13 A7 4
TI-00W 570 138140 242886 -13 -17 4
Ti-08W &7 135541 24004 -13 -18 s
Ti-DoW Lrped 125708 72 -12 ~17 5
Tigow 573 135342 223405 -12 -7 5
TI-00W 574 135183 3158 43 A9 6
TI.OOW 57 134648 22853 -12 -17 5
TI00W 576 134715 22554 -12 -18 5
TLO0W g7 134462 2230 - .42 -18 8
T0.3W 122 148872 41171 16 A7 2
TI0.3W 133 148282 40827 -16 -19 3
Ta.3W 134 147958 a£318 17 Py, o] 4
TI0.8W 135 147557 28855 -18 2 2
TIO3W 136 147108 g =¥ 1 18 -1 3
Ti-0.8W 137 148757 38947 -18 <21 3
Ti-0.3W 138 146237 38508 -8 -21 3
T-0.8W 139 145580 |OO 20 2 2
TH0.8W 140 145543 37576 -18 2z 4
T-0.9W 141 145212 37062 6 2 5
TI03W 12 144729 26845 43 19 &
THO3W 14 14552 ®10 -13 -18 5
T-0.83W 144 14975 38834 -14 19 5
TH0.8W 145 143568 B3 -12 -19 7
T-0.8W 148 143157 34851 <11 47 8
TIO3W 147 142733 kYo, -2 17 5
Ti.8.8W 148 142319 TR -10 -47 7
T-0.5W 140 14183 127 -10 a7 7
T-8.8W 1%0 141486 74 7 -4 7
o2 151 121052 i -7 15 7
TLO8W 52 140835 31845 -11 -18 5
Ti-0.2W 153 213 313 47 - -
Tio AW 154 126812 AB44 15 - -
TLa W 5= 12322 =D -5 - -
Tiww.aw i%o 18857 X874 Y- - -

TI0.9W 157 13| 23386 -17 - -




Study Area Seismic Depth and Iscpach Data

NJSPE NJSPN

Depth  Depth  Isopach

Line Fix No. ) (" (m) to 2 (m) {m)
TI-0.3W 158 138320 2172 -18 - -
TLON s 122111 pailc) -10 - -
T-1.0N 3 128577 257 2 - -
TL1.ON 504 120952 370 13 - -
T-1.0N 505 120372 2206 15 - -
TH1ON 06 12074 21631 44 a7 3
TI-1.8N 7 131168 21206 a2 -6 4
T-1.0N 8 13157 AX64 a2 -16 4
TI-1.0N 500 131885 20611 44 -6 3
T-1.ON =10 1327 X284 -2 -16 4
TH-1.0N 511 12273 19048 12 -16 4
T1.0N 512 123146 19608 11 18 5
TI-1.0N 813 13320 19261 14 a5 1
Ti-1.0N 514 1339545 18831 16 - -
Ti-1.0N 515 134313 18566 5 - -
T-1.0N 518 125005 17531 15 - -
TI-1.0N 517 135276 17741 15 16 1
TI1.0N 518 125554 17578 14 -15 1
T-1.0N 519 135889 17208 -13 16 - 3
T1.00 520 138305 16880 -13 -6 3
T-1.0N 521 136725 16852 14 .16 2
T-1.0N 52 137155 16178 12 46 4
TL10N 523 137508 1873 ~11 -18 5
T-1.0N 524 137854 1532 -} -14 5
10N 55 138275 15192 -7 -2 5
T-1.0N 526 138672 14851 -10 43 3
T-1.0N 527 122082 14517 -2 A4 2
T-1.0N 528 135300 14300 -2 14 2
T-13W 73] 120623 20801 -14 - -
T1.3W 3am 120041 21065 5 - -
T-1.3W 377 13040 21571 -5 - -
n43W ars 13085 2128 15 - -
T-1.3W ans 131361 28 16 - -
T-13W 74 131829 Zo4 A5 - -
T-1.3W an 122263 BES 15 - -
-1.3W 173 137727 24105 15 - -
T-1.3W an 123121 24567 416 - -
T-1.3W 3n 123553 =068 -16 - -
T-1.3W 360 134480 26124 -6 - -
1w 283 134217 26605 -6 - -
Ti-13W -4 125Xm mas KT - -
T1.3W 3% 1B 27628 Y - -
13w K-S 13820 28100 16 - -
13w 264 138 2847¢ -4 - -
T-1.3W 182 137036 25044 45 - -
T-1.3W 163 137456 2519 S - -
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Study Area Seismic Depth and Isopach Data

NJSPE NJSPN Depth Depth Isopach
Line Fix No. [i14] {n {m) to $2 (m) (m)

T TI13W 164 137651 2575 16 - p
TL1.3W 1685 - =vd 7R 14 - -
13w L) 138066 00 -18 - -
TI-13W 167 13822 0BT -15 - -
T-13W 168 138907 31048 15 - -
T-1.3W i&s 12132 3148 -15 -16 1
‘T-1.3W 170 136518 31881 13 17 5
TH1IW m 139831 289 -3 A7 3
T-1.3W 172 142 73 14 16 2
T-13W 173 140597 073 16 A7 2
T43W 174 14055 512 14 A7 3
T-L3W 175 141280 062 -13 A7 4
13w 178 141861 34367 a4 -18 4
13w 177 142057 34780 -6 -18 2
T-13W 178 142410 26241 46 18 2
T-1.3W 179 142814 386554 -18 .18 o]
T13W 180 14810 261114 18 - -
T1.3W 181 143579 3545 -19 - -
13w 182 14877 2650 2 - -
T-1.3W 183 144347 37455 2 - -
TA3W 184 144734 K ri=t1s] -19 - -
T-1.3W 185 145120 ;/3ITS -18 - -
T-1.3W 186 145522 38823 47 - -
TL1.3W 187 145307 209281 a7 - -
T13W 188 146289 K -pec] 16 - -
T1.3W 189 146655 40163 16 - -
T13W 190 147028 53 -6 - -
T-1.3W 191 147353 41100 -18 - -
T-1.3W 192 14770 21572 18 - -
T-13W 193 147558 41802 16 - -
T-1.56 708 143397 27753 16 418 2
T-1.8E 709 143680 2066 16 -18 2
T-13E 710 143780 2B152 -17 18 2
TH1.9E 711 144015 28431 -1 -19 8
T-1.2E nz 144389 28524 13 -0 8
T-18E 713 14088 29812 13 20 7
TL1.3E 74 145506 0108 14 .20 .6
T-13E 715 145543 ST -14 20 5
T-13€ 716 145414 aoes -4 21 &
Ti-13E Y 15807 350 .13 - 7
Ti1.3E 718 14725 TBC 43 24 8
T-1.3E 718 147685 2514 -5 2 ]
TI18E 70 148138 3017 -18 21 3
Ti-1.86 724 145304 3108 2 2z 2
TI-18E 72 148485 X0 21 21 1
TI-1.5W -] 137077 AEZE -16 -16 o]
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Study Area Seismic Depth and Isopach Data

NJSPE NJSPN Depth Depth Isopach

Line Fix No. T (114] {m to 82 (m) {m)
T-1.5W 100 137488 315 -18 -18 2
T-1.9W 101 13778 122 -1S A7 2
T1.9W (o7 138114 31840 -14 -16 3
T-1.9W 13 138438 IN2L -8 -1S 7
T-1.9W 104 138788 619 8 -1S 7
TLLIW 1S 13120 73 ¥ -18 8
T-1.9W 108 13457 K ccex -10 15 5
TH1.3W 107 130811 e 2] -11 -16 S
T-1.9W (s :] 1428 315 12 17 5
T-1.5W 108 140487 34537 42 17 5
T-1.9W 110 140787 34541 <12 -16 4
TI-1.9W 111 141214 B4 -2 a6 4
TL1.9W 112 141547 BT 43 16 4
TLL9W 113 141866 BIT -12 -7 s
"TE1.5W 114 142235 38608 -14 -18 4
T-1.9W 115 142554 301 17 - -
T-1.9W 116 142972 37458 -18 - -
TI-1.9W 117 143288 I=A7 -16 - -
Ti-1.5W 118 143638 3307 14 a7 3
TL1.9W 118 144010 38741 -15 A7 2
TI-1.9W 120 140873 178 -14 A7 3
T-1.9W 124 144772 /SE2 -15 -16 1
Ti3W 122 145154 87 -13 -16 3
T-1.9W 123 145406 10435 -18 17 0
T-1.9W 124 145058 4881 -15 - -
Tn-1.5W 125 148272 41285 -1S -17 2
n-1.9W 126 146621 a7 -15 -16 2
Ti-1.9W 127 146568 Q2142 -12 -15 2

TH2N 534 141476 15658 -15 -3 7

TiaN 55 141025 16111 14 21 7

T-ZN 536 140518 16491 -13 <21 8

Ti-2N 537 140003 16877 -12 -0 ]

Ti2N 538 131471 17329 -12 =24 ]

TI2N 5% 138015 1760 -13 %24 8

TI-2N 5S40 138835 18140 -15 -2 8

Th2N 541 138108 18525 14 20 7

Ti2N SL2 1378641 18800 -5 21 .6

T-2N 503 137181 19282 -12 -0 8

TI2N 544 136741 19653 ~12 - €

TIIN 56 135301 20082 -3 K-+ &

TiaN 535 pc o} e 20 = 4 -i8 7

T2N 547 735381 P05 -3 -18 5

2N 548 {34646 21191 <14 -9 5

Ti.2N 54 134506 21534 <14 17 4

12N =0 134070 21946 -12 -18 -]

1

TN =1 133635 2229 -16 -17
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Study Area Seismic Depth and Iscpach Data

NJSPE NJISPN Depth Depth Isopach

Line Fix No. ™ " (m) to S2 (m) (m)
TN = 13196 22657 -y -15 €
TN 53 122761 22078 42 16 4
Ti2N 54 122308 23451 -5 - -
Ti2N =5 131880 23328 44 - -
Th2N E55 131431 24230 14 - -
TN 557 131035 2577 . A3 - -
2N &8 130654 24862 a2 - -
30N -5 13140 26829 ¥ 19 1
TL3.0N 470 131538 26738 % 18 -
TI3.0N 4n 131543 26406 43 18 5
TI3ON 42 1374 2077 14 18 2
TH3.0N &3 12872 5764 45 - -
TI3.0N 474 132053 2540 18 - -
T3.0N 475 107 25084 186 - -
TI3.0N 478 12380 24751 14 -16 3
TLI.ON &7 124234 24413 10 A5 5
TI3.ON 478 134571 24068 o 15 6
11-3.0N &5 134567 23732 12 A7 5
TI3.0N 0 1=== 23408 -i3 18 5
TI3ON -1 135741 - 2082 11 a7 8
TI3.0N 22 13610 prae:) a3 a7 4
TI3.0N &3 138522 2355 a3 -18 5
TH3.ON 484 138524 2055 13 -19 6
TI3ON 485 137220 21713 a3 20 7.
TI3.0N 486 137708 21389 14 20 8
N3N 487 138056 21055 12 19 7
TI3.ON 488 138471 o2 a2 20 8
TH.O0N 489 138862 20083 14 2 6
TI3.0N &0 130257 2051 18 2z 4
T3.0N o1 130657 18717 16 2 5
TI3.0N -2 140045 18377 45 ) 5
TI3.0N & 140437 19033 16 21 5
TH3.ON 54 140840 18691 -16 21 5
T-3.0N =5 141244 18364 15 g 6
TLION -6 14160 18023 18 21 5
30N o7 142010 17675 A7 2 4.
TI3ON -8 142401 17347 47 ) 3
Ti4.0N &0 ¥ co) 18665 -18 = 3
TL4.08 £4% 142047 198%4 <18 -2 5
Ti4.ON Y] 142410 19941 48 2 5
Thd ON o 141906 pracy -] -15 20 5
Ti4.0N 444 14128 0753 14 20 7
408 s 158 21158 45 = 5
TI4ON 448 140437 211542 19 2 3
46N aq7 122081 21980 21 2 o
TI4.0N a8 13850 2364 418 z 3
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Study Area Seismic Depth and Isopach Data

NJSPE NJSPN Depth Depth Isopach
Line Fix No. ud] {1 {m) to 82 (m) {m)
T TI40N ) 132XX26 s XT) 21 2
Ti-4.0N &0 138545 1B 48 21 3
T4.ON & 138052 =17 -16 2 5
TI4.0N «2 137811 533 15 21 6
TI4.0N £3 136065 24487 43 -9 5
TL4.0N HY 136673 24706 A2 -19 6
TI4.ON &5 136237 2055 45 20 4
TI4.0N &6 138772 25445 -3 A7 4
TI4.ON &7 125329 5836 -12 -8 5
TI4.0N 43 134855 26188 -16 -1g 3
TI4.0N ] 134420 268555 -16 -0 3
T-4.0N 40 13002 26015 s -8 3
TI4.0N 481 12350 27X0 -8 21 3
Ti-4.0N 482 13303 e -14 -17 4
TI4.ON 463 122677 28020 a2 .16 4
TI4.0N 464 122489 28168 -} -14 5
T.63E 280 149153 22613 21 - -
TI-S8E 281 148357 o= K] - -
TIE2E =2 149605 23423 2 - -
TLEZE 263 120875 pcce] -2 - -
T.5.3E 284 150068 | 24313 -2 - -
T-8.0N =7 137241 2945 2 -12 0
TI-8.0N 238 137610 =72 .16 16 0
T.E.0N ) 138137 .17 -7 43 6
TI-8.0N 20 138323 3082 7 -13 7
TI-8.ON 241 13843 31868 -10 K7 4
TI-8.0N 282 138530 31781 -4 A7 3
TH8.0N 243 1302 3133 14 A7 3
TIS.0N . 244 123E2 31243 15 -18 4
TI-8.0N 245 130604 310D 14 47 a
TI.8.0N 246 1395 07 -14 20 5
Ti-8.0N 247 140380 20207 5 .20 4
TI-8.0N 248 140873 29871 16 20 4
TI-2.0N 240 141319 25485 A7 - 3
TI-8.0N =1 141750 28922 15 -18 3
TIS.ON =2 142005 28638 16 -9 3
Ti-8.0N 254 120544 2830 18 -19 3
TH.ON =5 142062 27554 14 19 5
TI3.0N =6 143370 bai=-v] -16 20 4
TL2.0N =7 j4315 o) A7 -8 2
TL8.0N =8 44238 28881 17 -2 4
TIE.0N 265 144534 26451 6 -2 3
TL8.0N 260 144557 174 18 2 5
TLRON 261 148443 =774 46 & 5
TI8.0N 262 145839 2351 15 21 6
TL2.ON 253 145244 =048 14 20 8




Study Area Seismic Depth and Isopach Data

NJSPE NJSPN

Depth  Depth  Isopach

Line Fix No. {an (43} (m) to §2 (m) (m)
T TIE.0N 264 146558 24703 A7 21 4
T-2.0N 265 147052 248367 47 B g -]
T-8.0N 266 1475485 2967 20 B 2
TI-8.0N 287 147205 58 -17 21 4
TI-8.0N 268 148218 =308 -18 -3 5
T-3.0N ... -] 148512 005 -18 21 3
TILS.ON 70 149985 203 -19 2 2
TH3.0N pag 1485 pact ] 19 2z 2
TI3.0N 272 1465738 2008 -18 -3 5
TI8.0N s 150131 21604 -6 ] €
TI2ON 274 150484 21351 -19 = 4
Ti3.0N rs 150708 2177 -18 = 5
TE5N 77 136585 34E51 -18 - -
T1-8.5N 78 139772 s 18 - -
TLE.SN 7 140187 34148 18 - -
THE5N 80 140633 23784 48 - -
TI-8.5N 3 141085 4B A7 - -
TH8.5N &2 141483 03 -3 A7 4
TLL.5N 83 141926 ;28 -1 A7 ]
TL2.5N 84 14525 207 X} 46 7
TI-8.5N as 14789 31963 -6 - -
T3.5N 86 142182 31575 45 - -
TL8.5N 87 142594 31194 .13 -6 3
- TL8.5N a3 12 2070 ~14 17 .3
TI3.5N 8s 142852 xEa8 -3 -18 a
9N 7 137377 304 -13 A3 0
TN 8 137847 3400 .12 -12 0
TN g 137914 34818 -14 44 0
TSN 10 138240 34557 4 -14 0
TILON 11 138640 34195 -15 45 0
TIEN 12 135031 3348 46 16 0
TN 13 130444 23407 A2 16 5
TISN 14 132880 3183 ¥-] -5 €
TN 15 140251 8% 15 -7 2
TN 16 140847 =0 12 16 s
TION 17 141065 2158 £ -18 7
TN 18 141282 31823 -16 -8 2
TSN 18 141805 31512 .19 .19 0
TN 20 142187 31180 .o} -0 0
T8l 2 142575 855 48 20 z
TLON z 140968 528 47 49 z
TSN = 1IR 0141 47 -9 2
THON 24 13727 %653 36 2 4
ToR = 148122 624 -5 - 5
TSN 25 144520 25208 -5 -19 4
TI8N 7 144850 28884 11 -2 8
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Study Area Seismic Depth and Isopach Data

NJSPE NJSPN Depth Depth Isopach

Line Fix No. I i {m) to 82 (m) m)
TISN p: ] 145255 28589 47 X 3
TN b 145548 28237 -2 - -
T8N b ] 1451 27048 ) - -
TI-aN a3t 14580 17288 21 - -
TI1ON = 138588 X783 -13 -15 2
TI-10N 24 138023 B47S -13 -15 2
TI-1ON 35 133387 36146 -10 14 4
TI-10N 8 1356820 K76t -12 -15 2
T-1ON 28 140645 K " -1 -14 3
T 10N v 141060 a7 -12 -16 4
TI-1ON X0 141473 3R47 -13 -16 3
TI-10N a3 141801 @15 =14 -16 2
Ti-10N =2 182323 32587 -10 -15 s
TI-10N =3 122 I -12 - -
TI-10N 34 143131 32906 -19 - -
TL10N 5 143751 az3e -18 - -
Ti-10N X6 143924 32204 -18 - -
TI-10N 37 143274 31831 16 - -
10N 3B 144518 31488 -8 - -
TI-10N = 1450886 31077 47 - -
TL10N 30 148371 - 2815 “7 - -
Ti-10N 341 145648 A5 -18 -9 3
T-10N 342 145723 30488 14 -19 )
Ti.-10N 343 148141 a7 -12 -7 5
TI-1ON 344 1468506 X010 -13 -17 4
TI10N s 147067 29489 -18 -19 1
T10N 346 147168 25368 -19 - -
TI-10N 347 147855 28828 21 - -
T-10N 348 148183 282542 -19 - -
TL10N 36 14853 28264 20 - -
Ti-10N 0 148850 7938 -0 - -
TL10N B1 149182 g 2 - -
Ti-10N - >v4 146454 27470 -19 -0 2
Ti-10N =3 148754 7186 -17 -0 3
TH10N 354 180071 260628 -8 =20 1
T-10N =5 150378 288572 - - -
T10N 8 150681 26411 20 - -
TL10N a7 150880 28164 20 - -
TI-10N = 151347 %857 2 - -
T =5 182837 28778 - Bl s
Ti-t4N =7 152238 27181 5 - -
TL11N 228 51773 2res7 K] - -
T-11N 29 151283 2053 B 2 3
T = 15757 28480 -0 2 2
T-1IN 1 150235 22872 -2 -2 1]
T-11N 2 445833 23375 -0 -2 2

150




Study Area Seismic Depth and Isopach Data

NJSPE NJSPN

Depth Depth Isopach

Line Fix No. o {t {m) toc 82 {m) m)
Ti-1IN =3 145383 =824 -i8 -2 4
TN 4 148871 N0 19 2 2
1N x5 148477 207E A7 21 4
N-t1N %6 14790 31 20 22 2
TN 7 147481 31628 16 21 ]
TN 8 147018 207 14 220 6

TN =5 146834 =3 A7 2 4
T-1N a0 146555 cv.x ) -19 =20 1
T-11N ko] 148046 2929 -19 -2 2
TN o7 14558 I35 -5 20 5
TN 3 14548 334 -15 21 6

T-11N 04 145053 7S - 21 2
T-11N s 144650 34214 18 2 2
TN 06 144187 34645 18 20 4
TN 07 14d044 34848 15 20 5
TN s 143738 3066 13 .19 €
T-11N o] 142281 25480 -18 -19 2
T-1IN atg 142822 3506 17 -18 1
T-1IN an 182387 35347 -i5 -1S. 5
TN 2 141920 s 15 19 4
T-11N 313 141472 3ro7 -16 -19 3
11N 314 141027 ars1a 11 -16 5
TN s 140450 3185 -18 -16 ]
TI-12N & 141452 30 -16 17 2
T-12N €40 141736 W13 13 A5 2
T-12N 841 14022 38434 -14 -16 2
Ti12M %) 142460 38615 12 A7 5
12N 643 142916 /283 -12 -16 3
12N 644 14314 37es3 -16 47 1
Ti-12N 645 143751 373 -16 -18 2
T-12N 646 144168 3753 20 - -
12N 647 144826 3B7TE0 13 19 5
TI-12N 648 145082 36343 -15 19 4
T-12N 640 146427 3009 -18 -18 1
T-12N &0 145857 50 K. 20 ¢]
T 2N &1 148314 = -18 2 2
TL12N &2 146728 34031 -1 20 5
T 12N 653 147155 34524 -17 20 3
TH12N a&s4 147608 g ¥ <. «18 -2 2
N es 148082 7D -6 21 5
T12N &5 14BEZ 33451 - <3 4
112N &7 148875 23134 .o 2z 3
T-12N &2 14318 22785 2 2z 3
TN [ ==] 145702 22414 -2 - -
T-12N 650 150138 22075 20 - -
T-12N 881 15560 3727 ) - -
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Study Area Seismic Depth and Isopach Data

NJSPE NJSPN

Depth  Depth  isopach

Line Fix No. { {m (m) to S2 (m) (m)
TR12N s 150988 1= -2 -21 2
TL12N &3 151420 X85 22 -2 o}
TL12N 64 151821 30528 - -2 2
T12N 8s 1==z7 n2s2 -17 -1 5
TH12N 58 182882 23544 16 -21 g
TN 857 152080 xE78 -17 Eral 4

"TI-12N 658 153545 X264 «19 -1 2
Ti12N (- -~} 153845 2054 -19 -3 3
TL1IN &0 155506 25886 21 23 2
T13N a1 18505 A 20 24 3
T-13N 882 1548531 o -2 -3 1
T-13N -] 154270 a2 21 24 2
TI-13N &84 183284 31288 -19 -2 3
113N &8s 152681 31776 22 - -
TI-13N ase 182220 2158 R - -
TI-13N 687 151821 357 -2 - -
T-13N 38 151342 3076 -2 - -
TL13N s 150831 X -0 - -
TI-13N &0 150183 Tx8S ) - -
TI-13N &1 146874 34237 2 - -
Ti-13N &2 149277 34804 -14 -2 8
Ti-13N a3 1489508 T0OE3 -12 -18 7

T13N B4 148355 Bas2 -18 20 1
Ti-13N &5 147925 EZ0E 21 21 o
TI13N 06 147425 8346 21 21 o
TI-13N es7 146831 x7TS . 0] 20 (o}
TI-13N &8 146418 Jrxe -2 21 (o}
TL-13N 658 145882 37as 20 .o 0
TI-13N 70 148255 38071 20 -0 s]
T-13N o1 144873 38807 -168 20 3
TI-13N o4 144377 S -15 -19 5
T-13N o] 143881 RIS -11 -18 7
138 704 L cc<d B7E6 -18 -18 8]
T-13N 5 1422483 30868 -17 A7 o]
Ti-13N 706 143048 4«03 -5 -19 4
Ti-14N < 144136 42018 -13 -7 4
TN x2 144562 41715 -14 -5 5
TI-14N 23 145119 41366 -5 18 4
TI-14N 4 D L5681 17 205 3
TI14K xs 148011 £5E 18 - g
Ti-14N 26 146445 L2711 -15 21 8
Ti-14N 7 §48864 836 A7 = 4
TN 28 147329 3Baas -0 22 2
TI14N e 147776 o4 17 23 &
T 14N 210 148203 BT -18 - s
T 14N 211 16860 T 2z 24 2
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Stucy Area Seismic Depth and Isopach Data

NUSPE NJSPN Depth Depth Isopach
Line Fix No. [i44] {n {m} tc 52 (m) )
TL14N 202 148074 37564 -3 24 1
T-14N 213 14585 37588 -] 2 3
TI-14N 214 148522 IT24 2 = 2
TH14N 215 15 36868 <20 <] 2
TL4N 216 150825 3B487 A7 -0 3
T-14N 27 151283 3\07S 2 21 0
Ti-14N 218 151737 30 E-.o] o] 0
TL4N - 219 152220 a8 21 22 1
TN 0 152681 3413 20 21 2
TN = 153164 34568 -2 = 2
Ti-14N 2 153647 34223 -2 - -
T 14N 3 154130 33878 2z - -
TH1AN 24 154613 = ] - -
TN = 15006 33188 -3 - -
TI-14N 25 15579 B 24 - -
T-14N 7 152062 D468 3 <] ]
148 8 156545 32153 2 24 2
TL14N br:] 157028 31808 24 - -
Ti-14N Z20 157511 31453 - - -
- Data Unresoivabie.
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APPENDIX C

Summary Sediment Statistics

Avalon Shoal Area
Avalon, New Jerey




Sediment Statistics
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Avaion, NJ

AS | cores | morv | %Sand | wMat | meces | ean ) Skn M
1 A2 2 N 004 Ssnd Ridgs {38 147 £.53 XL
2 AVS2 44850 S4.99 02t Sand Nidge 087 125 Q837 ase
3 A2 .41 5481 198 Sand Ridge .02 153 040 - & }
4 A2 Sand Ridge )
s Az Sanct Nicige .
[ AV<2 397 6438 317 . Sand Riige a12 138 £.24 .23
7 AV-02 228 T4.89 ans Sand Ridige .80 155 a3 osy
8 AV Sand Ridge
] A2 Channel
% AVL2 Channei
" AVZ Channel
1= AV 89 21 290 Channei = 1.12 Q.44 213
13 AV-08 Saxnsrine

. 71 AV-03a a2e 9871 Trace Sand Ridge 128 0.49 Q.17 1.3

18 AV03a 1091 89.09 Trace Sand Fidge Qa.s7 108 0.42 1.5
1% AV-23a Q25 837 032 Sand Ridge 148 Q47 £24 137
7 AV-03a Sand Ridge
18 AVO20 027 .72 a0 Sand Ridge 1.15 055 0.00 as3
13 AV33b 137 98.57 a.08 Sand Ridge 108 0.54 Q.24 09s
b AVL3h 004 99.48 0.48 Sand Ridge 130 sy Q.44 120
b4 AV-08a £ 8235 3 Channei 151 129 a32 1.08
= AV-08a a7 98.73 a.10 Channe! 1.42 Q.58 «0.18 128
= AV-08a 93 6.5 28.43 Estuarine 357 288 021t 187
b AV-08a .52 8420 14.77 Pleistcens 1.88 239 0.80 210
-] Av-08a 0.00 8573 427 Pleisocens 1.88 0.52 628 195
b AV-0€h Piasstocens
z AV=08b Plestocane
s Rv-08b Flesocene
F- AV-08D Ploiszocene
n AV-08c Pleistocene
] AV-08c 8.00 38.48 10.54 Pleumcens 1 1.7 0.48 328
R AV-08e Pimsmcene
= AV-15a 12.48 Q.03 551 Plexiocens 048 1.81 0.19 124
u AV-092 o8 9403 §35 Sand Ridge 238 1.04 Q.12 250
as AV-CRa 057 931 452 Sxnianne 247 097 oL 109
36 AV-0%a . Bstsarine
o4 AV-09a Q.13 2.55 [ £~ Estuarine 2988 78 0.40 78
) AV-CS2 16.35 024 3.41 Channai a4z 099 o28 132
] AVlSa 499 8933 502 Channe! os7 1.18 e.12 ¥ -2
40 AV Channel
41 AV-0090 g P <1 3.58 4.09 Churmel 0.96 0.88 0.38 208
Q2 AV-09t 35.30 S8.57 a.13 Plastcens 028 248 [-X-74 338
43 AVLSD Pleistoosne
& AV-L9d Pleistocene
48 AV-17a o 9925 013 Sand Ridge 1.8 0.74 .29 129
48 AV-1Ta Estuarine .
47 AV-17a Esnanne
48 AV-17a EBstuarine
&9 AY-17a Bxtuarine
-} AV-17a Bsuanne
| 4] AV-17a Beeuarine
-4 Ay=-1T2 Plersiocane
[ - Av-1Ta Platazaceny
[ 24 AV-1Ta Plesstocens
& AtTa Plaemoans
% AV-17a Pimatccene
L 74 AY-O4a 4.5 2524 Q15 Sand Ridgs 1.09 0AC .18 131
88 AvOan Sand Risge
- AV-Oda 17.7¢ 0.48 184 Sand Ridge as2 1 Q20 898
[ ] AV-Dda Charmel
€1 AV-Dda 3ss 8s.79 e Channei 245 1289 a.o8 380
o« A-Ghg Chagrrvei




Summary Sadiment Statistics
Avaton, NJ
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ave | coes# | %Gy | %semd | wmua | weces | mesn 8 | s Kur
= AV-Oda 137 709 154 Channel 153 oss a2 112
-“ AV-Cda nss 6184 481 Plesmocens 023 1.88 -] 1=
[ AV-Oda Mesmeene
[ AV-CSa Extcare
. Av-05a ' Baarine
- AO5a (-] "2 as Charmel 0.80 132 L8 agt
- AVSa 1.08 $8.48 0.49 Channei 159 ox 038 1.85
TS AV-CSe az4 TR 224 Channel 188 oee .18 135
™ AVO5a Clrannel
= AV0Sa .53 982t 1.8 Channei 1.5 aTe S32 1
= AVDSa Channel
" AV-0Sa 041 9885 a94 Channel 138 o2 ©.29 . 148
7= AV-05a Channei
7 AV-0Ta 21.18 7878 0.04 Send Ridge <007 158 031 1.01
™ AV-0Ss Lsnarine
78 Av-0Sa 000 7407 2593 Eatuarine e 158 0.74 118
™ AV-0Sa Eauarine
] AV-07a 3188 608 0.08 Sand Risge 058 Qs £33 0ss
o AV-07a $.84 9432 0.04 Sand Ridge 0.94 0.3 028 1.14
= AV-G7a 572 9425 oz Sand Ridge 1.16 0.8 £.45 128
-] AV07a 858 91.40 0.04 Band Ridge 0.94 1.10 843 135
» AV-072 1199 8134 017 Sand Ridge o7 12 O.44 127
- AV-07a 285 9729 0.08 Sand Ridge 1.3 0.75 .13 029
s AV-OTH 334 96.65 0.0 Sand Ridgs 105 o7 {228 0.53
w7 AV-CTB 242 7.3 0.1 Sand Ridge 1.10 %) 027 100
] AV=CT 035 97.44 18 Sand Ridge 120 ors 831 1.09
= AV-0TS 24 2754 125 Samd Ridge 108 a7 L2 657
90 AVgTe 1.8 8.0 0085 Sard Ridge 1.4 ors ©.28 o052
”n AV-0Tc 050 .36 0.14 Sand Rigge 12¢ ars 037 091
] AVOTe 113 9635 as2 Sand Ridgs 120 091 o2 LT ]
2 AVOTe 329 9= 96 078 Sand Ridge 1.18 0.8 «0.19 098
7 AV-O7c 7.83 91.56 081 Sand Ridge a2 .07 .12 1.08
» AV-0Te 6.2 9345 053 Sand Ridge om 1.00 ax o092
98 AV-08a 275 T2 (-} Sand Ridge 1.44 asl 237 154
7 Av-08a 0.5 9604 3ar Sand Rioge
L Av-08a 839 " 632 Send Ridge 0.3 1.08 Q47 128
] AV-08D Sand Ridge
100 AV-08b 2.19 97.57 024 Sanc Ridge 140 0.85 024 123
101 AV-08b Sand Ridge
102 AV-08b c.38 el 340 Sand Ridge 1.8 €58 £0.13 131
103 Av-0%b e.59 $6.04 337 Sand Ridge 1.79 043 o2 1.80
104 Av-10a Sand Ridge
108 AV-10a 2998 7290 0.14 Sand Ridge 0.2 121 0.10 oss
106 AV-10a 37.05 .44 ast Sand Ridge  «0.18 128 025 o.s8
107 AV-10a 36 .48 o« 097 Sand Ridge  -0.18 1.82 L.03 o.78
108 AV-108 Chanvel .
109 AV-10b (X 88.10 T2 Pieistocens 0.29 174 0.18 338
11¢ AV-10b 0.9¢ &85 55.49 Estuarine €42 416 o028 a.z0
111 AV-10b 138 g2.52 a2 Plesmoene 1.08 134 - a0 228
112 AV-10b 2187 773 554 Preiszocens 038 .58 L08 137
£13 Ad-Ti8 Busuarires
{14 AV-11i& " Esnarine
8 Av-1ia Rl @37 (%1 Chanvet 1.74 ams £.18 105
116 AV-11a A 79.05 1855 Esnarne 57 204 nos 2390
17 At1a 211 97.42 047 Peistocens 131 083 £.18 129
ket Ad-t1a Pletsitcene
173 AV-11a ’ Preistocene
120 AV=11b -5 -] 9.0 .58 Plastocene
= AV-11b 41,10 5860 230 Plesiooers  0.84 120 aus oss
= Av-11e 1050 8758 15 Preistcane 105 133 £.48 113
L -~ AV-11e 1884 ®.78 237 Pleistcene 0.5t 188 4950 1.8
= AV-122 __Esnarine




Summary Sediment Statistics
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Avalon. NJ
AVS coes | %Grev | wsand | wMod | Peces | Meen so | _mn | wor
125 Av-123 Esuanne :
125 A-12n 1.00 (2] 82  Emmrne 185 1§ L 1-3 ax
R - AV-128 0 Y s Bamumring 138 134 ass 347

128 AV=122 205 %008 187 Pleistooens 134 148 a2 22t
=2 A1 Peinsoene

120 AV-13s Sand Ridge

™ AN=12a % ] 8434 238  SendMuge 030 124 oos o
1= AV-13a Sand Ridge

@m AV-13a Sand Ridge

13 AV-13a 308 ”» 12 s  SandRisge  U77 ase acs 100
138 TRV aos 9033 257 Esmuarine 318 (1] as7 ast
136 Av-14a 148 95.09 e Estuarine 138 1= 000 104
7 AV-t4a - Betustne

128 AV-14a o.13 8429 1S58 Esuwine 248 1.87 048 318
1 AV-14a 21 ¥ 2996  Bsmarine 389 218 ars 1.18
o AV-14a Essaring

41 AV-19a Sand Ridge

"z AV-18% 352 95.9¢ 012 SancdRige 108 o <29 ase
143 AV-15a 49 s 629  SandRidge 110 035 33 0.8t
T AV-19n Sand Ridge

48 AV-18b 1.08 37 058 SandRidgs 123 091 Q.13 oT4
148 AV-138 153 7.4 058  SandRigge 121 w2 o 108
1“*7 Av-19b 0.8 9920 034  SandRidge 1.4 LY 841 1.04
148 AV-19D asg 7~ 177  SendRidge 148 067 021 ¥
149 AV-19¢ Sand Ridge

% AV-18c Sand Ridge

181 AV-18a 0.5 se29 052  SaniRiige 197 8.4t 2.17 135
182 AV-18a Sand Ridge

152 AV-18a Sard Ridge

164 AV-18a . Powzocens

188 AV-18a 265 9728 007  SandRidge  1.48 087 841 158
188 AV-16a 1.5 201 040  SandRidge 052 1.05 Q.05 113
157 Av-18a 150 7.9 019  SandRidge 158 o7 Q35 109
158 AV-18a L] $1.52 179  SedRidge 102 118 0.18 083
189 AV-16a 334 9629 037  SandRidge 150 XY 029 1.04
180 AV-16a Sand Ridge

161 Av-18a Band Ridge

"= Av-18a Sand Rigge

e AV-165 Sand Ridge

%4 AV-1€b Sand Ridge

108 AV-180 0.08 70 B8 Esannne 277 127 0.37 109
108 AV-16b 0.00 8051 (7 Eswarine 253 1.10 0.41 413
%7 Av-18c Bstusrine ’

1.8 AVe16c 0.10 s0.05 .85 Eagarine 258 11 0.48 419
1= Av-18&¢ a.04 049 847 Estuarine 23 134 17 317
1m AV-20a Esniuine :
caz AVG1 1M .13 016  SandRidge  O.11 102 o4 o |}
caz AV .57 ses2 081 SandRidge 049 127 020 0.84
coxn AV-01 %20 sx 032  Sand Ridge 057 108 037 128
24 AV-01 2478 7475 Q49 SandRidge AT 23 sz 1.4
cazs A s 98 183  SandRisge 012 1385 624 890
caz AV-g1 4z s 87  SendMidge 128 128 a3 a7




