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The Upper Cretaceous strata of the New Jersey Coastal Plain consist of largely
unconsolidated fluvio-deltaic, marginal marine, and shelf sediments that unconformably
overlie crystalline basement. This sedimentary section records the history of eustasy,
tectonics, and sediment supply on the eastern margin of North America. In this study,
thirteen transgressive-regressive Upper Cretaceous sequences were correlated across the
New Jersey Coastal Plain from core and well log integration. Four continuously cored
boreholes (Ancora, Bass River, Millville and Sea Girt, New Jersey) established a clear
link between the identified sequences (based on lithology, biostratigraphy and Sr-isotope
stratigraphy) and their respective gamma ray, resistivity, and spontaneous potential well
log signatures. These recurring “coarsening-upwards” sequences (transgressive clays
overlain by highstand silts and quartz sands) were mapped across the coastal plain using
an additional 28 well logs from industry sources. Correlation of these sequences allowed
for the generation of a series of 25 isopach maps that depict sediment thickness variations
from the Cenomanian through the earliest Danian. Analysis of the subsurface distribution
of these sequences: (1) identified the location and migration of key onshore depocenters
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through time; (2) evaluated the role of the paleo-Hudson and Delaware Rivers as primary
sediment sources, with the Paleo-Delaware showing similarities to the modern Niger
delta and the paleo-Hudson to the modern Rhone delta; (3) refined the understanding of
deltaic depositional models for the Turonian-Coniacian Magothy Formation, members,
and sequences; and (4) revealed two previously unrecovered Magothy sequences that
extend across the northern New Jersey Coastal Plain. The geometry of Upper Cretaceous
sequences implicates the underlying basement structure (the South Jersey High, Raritan
and Salisbury embayments) as an important factor in margin deposition.
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I. Background
A. Geological and Regional Context
The New Jersey Coastal Plain is situated on the eastern passive margin of the
North American craton. It is a component of the larger Atlantic Coastal Plain, a series of
eastward thickening wedges of largely unconsolidated fluvio-deltaic, shallow marine, and
shelf sediments that prograde seaward across the continental shelf. These strata lie
unconformably over an irregular and deformed Paleozoic crystalline basement. This
existing basement structural fabric, basement subsidence, sea level change, and sediment
supply have played a significant role in the stratigraphic development of the Atlantic
margin since the Triassic though early Jurassic separation of North America from Africa
(Klitgord et al., 1988).
The formation of the Atlantic Coastal Plain is controlled by a succession of
distinct basins and alternating arches that include the offshore Baltimore Canyon Trough,
a large (60-100 km wide) sedimentary basin that parallels the middle Atlantic margin
(Grow and Sheridan, 1988; Grow et al., 1988). The trough consists of Lower Mesozoic
sandstones, limestones, and shales (deposited after extensional rifting) overlain by Upper
Mesozoic and Cenozoic marine sediments (Poag, 1979). The Baltimore Canyon Trough
yields the thickest sedimentary section of the Atlantic margin, an 18 km-thick post-rift
section offshore of New Jersey and seaward of the “hinge line” (Poag, 1979; Grow et al.,
1988). The hinge line marks an important thermal transition marking the boundary of
relatively “unstretched” continental crust and extensively heated and thinned crust
(Watts, 1981). The sediments thin landward of the hinge line and reach a maximum
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thickness of less than 2 km in the southern New Jersey Coastal Plain (Poag, 1979;
Olsson, 1980).
New Jersey Coastal Plain strata reflect the influence of a series of basement lows
(landward extensions of the Baltimore Canyon Trough) and highs that are simplified as
areas of relative uplift and downwarp (Owens and Gohn, 1985). (Fig. 1). The coastal
plain is bounded to the south by the Salisbury embayment, a large basin located under
Chesapeake Bay, and by the Raritan embayment to the north, located at the modern
confluence of the Raritan and Hudson Rivers in the Raritan Bay. The South Jersey High
is an intermediate basement high that divides the bordering embayments (Owens and
Gohn, 1985).
The imprint of the underlying basement structure on New Jersey Coastal Plain
deposition is visible in lateral thickness variations. Sedimentary sections typically
thicken towards the Salisbury and Raritan embayments and thin (or become absent) along
strike as they impinge on the South Jersey High (Fig. 2). These thickness trends relative
to basement structure are visible elsewhere across the Atlantic Coastal Plain (e.g.
Albemarle embayment, Norfolk high, and Cape Fear arch, etc.) (Owens and Gohn, 1985).
Although subsidence of the Atlantic margin began roughly 195 Ma following the
cessation of rifting and onset of widespread volcanic activity in the north Atlantic, it was
not until the Late Jurassic and Early Cretaceous that areas landward of the hinge line (i.e.
(offshore shelf) were exposed to marine conditions (Grow and Sheridan, 1988; Watts and
Steckler, 1979). This can be attributed to tectonic subsidence of the Atlantic margin that
was both thermal and flexural in origin.
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Thermal subsidence of the margin was controlled by the initial amount of heating,
degree of lithospheric thinning during the rifting process, and subsequent cooling and
thermal contraction. The crust experienced as much as 250-300% of extension seaward
of the hinge zone that resulted in as much as 20 km of thinning towards the outer shelf
(Watts, 1981). As a result, early thermal cooling and subsidence was greatest seaward of
the hinge line.
With time, cooling of the crust resulted in increased flexural strength and rigidity.
Subsequent loading of sediments across the shelf caused flexural subsidence of the
Atlantic margin. This flexural response resulted in the observed “coastal onlap” of
younger sedimentary packages “overstepping” older units landward of the hinge zone
(Watts, 1981). Thermoflexural subsidence of the New Jersey Coastal Plain began about
120 Ma, lagging offshore post-rift subsidence (Watts, 1982).
The onshore coastal plain records numerous sea-level events from the Late
Cretaceous (e.g. Olsson, 1991; Miller et al., 2004) throughout the Cenozoic (e.g. Miller
and Snyder, eds., 1997). Variations in sea level, subsidence, and sediment supply
controlled the deposition of the fluvio-deltaic to marine sedimentary units that
characterize the New Jersey Coastal Plain (Browning et al., 2005). During the global sealevel lowstands of the Plio-Pleistocene, the coastal plain experienced widespread erosion
(Stanford et al., 2001) resulting in the updip exposure of Upper Cretaceous strata.

B. Upper Cretaceous Stratigraphy of New Jersey
The stratigraphy of the New Jersey Coastal Plain has been studied for nearly two
centuries (Lyell, 1845) due to its location on the historically inhabited eastern seaboard.
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However, the lack of data and regional-scale facies changes limited comprehensive
understanding of the subsurface lithology until the twentieth century.
Weller and Knapp (1907) provided an early study of the Upper Cretaceous strata
of New Jersey from outcrop data and identified many of the primary lithologic units that
compose the coastal plain. Richards (1967) further divided the Upper Cretaceous into 12
lithostratigraphic units while Owens and Sohl (1969) recognized the nonmarine, shelf,
and deltaic paleoenvironments of the strata and noted an apparent cyclicity in the
deposition of greensands (i.e. Merchantville Formation). Although the Upper Cretaceous
stratigraphy of New Jersey was well understood by the mid-twentieth century, further
subdivision of the lithologic units continued into the 1990’s with the identification of the
Cheesequake Formation by Litwin et al. (1993). As a result, upwards of fourteen Upper
Cretaceous lithostratigraphic units (and their nonmarine/marine equivalents) have been
identified across the New Jersey Coastal Plain (Fig. 3).
Sequence stratigraphy, the use of unconformity-bounded units and their
constituent facies to correlate sedimentary sequences over large distances, revolutionized
the geologic understanding and depositional history of the New Jersey Coastal Plain (e.g.,
Olsson 1991). The definition of sequence stratigraphy and its components have been
interpreted and debated for several decades. However, the widely accepted definition is
that of Exxon Production Research (EPR), which states that a sequence is “a stratigraphic
unit composed of a relatively conformable succession of genetically related strata and
bounded at its top and based by unconformities or their correlative conformities
(Mitchum et al, 1977).”
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These sedimentary sequences and bracketing unconformities provide a method for
evaluating the processes that control the development of sedimentary architecture on
passive and active margins. These range from glacioeustasy to changes in the prevailing
tectonic regime (subsidence versus uplift) to variations in sediment supply (Pitman and
Golovchenko, 1983). They are also essential in predicting the distribution of important
economic resources, namely hydrocarbons (Vail et al., 1977) and freshwater aquifers
(Sugarman and Miller., 1997).
Posamentier and Vail (1988) determined that each unconformity bounded
depositional sequence was composed of a succession of systems tracts, or distinct
depositional systems of unique geometry (and seismic characteristics) that formed in
response to different phases of eustatic change. The lowstand systems tract (LST) is
generally deposited during periods of relative sea-level fall and the earliest stages of sealevel rise. LST deposition is often characterized by the development of a lowstand fan
(consisting of submarine fans fed by incised valleys that bypass the shelf) atop a basal
unconformity followed by a lowstand wedge composed of fine-grained slope deposits
(Posamentier and Vail, 1988). Lowstand systems tracts are generally not represented in
the New Jersey Coastal Plain (e.g., Miller et al., 1998).
The transgressive-systems tract (TST) is deposited after the first major flooding
event (representing relative sea-level rise) following the maximum regression of the LST.
It is composed of a succession of retrogradational or “backstepping” sedimentary
packages that form in response to a period of sea-level rise (Posamentier and Vail, 1988).
The Maximum Flooding Surface (MFS), often represented by a condensed sedimentary
section, forms in response to the highest rate of relative sea-level rise and caps the TST.
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The highstand systems tract (HST) forms during the eustatic highstand and is
characterized by the seaward progradation of parasequences. These prograding sediments
are often composed of fluvial, deltaic, nearshore, and offshore marine facies. The HST
overlies the TST conformably and is generally capped by an unconformity formed during
eustatic lowering (Posamentier and Vail, 1988).
A coarsening upwards succession from marine shelf to shallow marine and
nonmarine facies typically represents the Upper Cretaceous sequences of the New Jersey
Coastal Plain. These sequences consist of a basal unconformity and overlying middleneritic glauconite shelf sands (TST) (Fig. 4). The glauconite sands are then overlain by a
unit of medial-prodelta silty clay (lower HST), which is capped by an upper delta-front
quartz sand (upper HST). Sequence boundaries in core and outcrop are represented by
distinct physical characteristics such as lag gravels, rip-up clasts, extensive burrowing
and bioturbation, and a sharp unconformable contact (Miller et al, 2004; Sugarman et al.,
1995). Sequence boundaries are also distinguished in core in the form of biostratigraphic
and geochronologic hiatuses, planktonic foraminifera, nannofossils and Sr-isotope data.
Although each sequence boundary is unique, each of these methods can be used to
indicate significant periods of nondeposition and erosion (Sugarman, 1995; Olsson,
1988).

C. Background and Previous Work
Owens and Sohl (1969) first identified five New Jersey Coastal Plain Cretaceous
transgressive-regressive cycles from outcrop and core data on the basis of recurrent
glauconite beds, physical and biostratigraphic unconformities, and refined the
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understanding of modern fluvial, deltaic and shelf facies models. They noted an apparent
cyclic sedimentation of glauconite greensand successively overlain by clayey silt and
quartz sand across the region and the repetition of similar lithologies (Owens and Sohl,
1969). They inferred a tectonic control for the development of these sequences.
Owens and Gohn (1985) later determined that the New Jersey sequences, defined
on the basis of physical unconformities and biostratigraphic discontinuities, were
consistent with those of the greater Atlantic passive margin. Because the depositional
sequences were regionally extensive, their genesis was related to regional and local
tectonic processes such as syn-and post-depositional subsidence.
Olsson (1988, 1991) applied modern sequence stratigraphic principles to outcrop
and borehole data from the New Jersey Coastal Plain to identify 8 Upper Cretaceous
transgressive-regressive cycles. Using biostratigraphic (e.g. planktonic foraminifera) and
lithologic methods he identified these sedimentary packages as sequences in the fashion
of Mitchum et al. (1977). Olsson (1988, 1991) linked sequence deposition to large-scale
marine transgressions that began during the Albian and recurred throughout the
Cretaceous. He identified their controlling mechanism as sea-level change, in the fashion
of Haq et al. (1987).
The presence of poorly fossiliferous units, limited number of planktonic
foraminifera index fossils, and complex facies changes restricted complete
biostratigraphic analysis and accurate mapping of the subsurface distribution of Upper
Cretaceous sequences in outcrop. Another method of chronostratigraphic analysis was
needed to effectively map the sequences and accurately correlate them across the Coastal
Plain. Sugarman et al. (1995) integrated Sr-isotopic stratigraphy with the existing
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biostratigraphic and litholologic framework. Sr-isotope stratigraphy is sensitive to rapid
and pronounced variations in the marine 87Sr/86Sr ratio. Because it is an independent
method for correlating sequences, it is calibrated against another independent variable,
usually magnetostratigraphy (Miller et al., 1991). Sr-isotope dating has allowed for
precise stratigraphic correlation (±1 m.y. or better) of Upper Cretaceous sequences across
the New Jersey Coastal Plain and broader Atlantic margin (Sugarman et al., 1995; Miller
et al., 2004).
The New Jersey Coastal Plain Drilling Project (part of the Mid-Atlantic Transect,
an Ocean Drilling Program (ODP) funded project designed to investigate the record of
sea-level change in passive margin sediments) was initiated in 1993 in an effort to better
understand the sequence architecture and development of the New Jersey passive
continental margin (Fig. 5). The original objective of the project explored the role of
glacioeustasy during global sea-level changes and the response of New Jersey coastal
sequences during the Cenozoic Icehouse world. Two Ocean Drilling Program (ODP)
legs, 150 and 150X, were drilled to examine continental slope and onshore sequences,
respectively (Miller et al., 1996, 1998). From a synthesis of this work, a sequence
chronology was established and a clear link between Oligocene-middle Miocene
sequence boundaries and glacioeustatic fall was demonstrated (Miller et al., 1996, 1998).
Following the completion of 150 and 150X, ODP Leg 174A continued the MidAtlantic Transect, focusing on the outer continental shelf. Leg 174AX continued onshore
drilling with two sites targeting Miocene strata (Ocean View, NJ and Bethany Beach,
DE) and four New Jersey sites targeting Upper Cretaceous strata (Bass River, Ancora,
Millville, and most recently Sea Girt, completed mid-November 2003).
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Results from the latter four sites (Ancora, Bass River, Millville, and Sea Girt) lead
to the development of a modern Cretaceous sequence stratigraphic framework by Miller
et al (2003, 2004). Via the integration of Sr-isotope, lithostratigraphic (from core
analysis) and biostratigraphic data, 11-14 sequences were identified and dated. These
sequences are consistent with the original shoaling upward successions of Owens and
Sohl (1969) and are generally composed of prograding deltaic silts and sands overlain by
transgressive glauconites. Paleoenvironmental variations within the sequences were
established from lithofacies and biofacies analysis. In addition, the use of backstripping
(accounting for compaction, loading, subsidence and paleodepth to determine
accommodation space and eustasy) indicates that large and rapid sea-level changes
occurred during the Late Cretaceous (Miller et al., 2003, 2004; Van Sickle et al., in
press).
The results of Miller et al. (2003, 2004) are consistent with data from the Russian
platform (Sahagian et al., 1996) and other globally distributed locations (Haq et al.,
1987). This evidence of rapid and large-scale variations in sea level has supported the
belief that glacioeustasy, controlled by ice-volume variations of an ephemeral East
Antarctic Ice sheet, is responsible for the observed global changes in sea level (Miller et
al., 1999, 2004).

D. Objectives
One of the essential goals of New Jersey Coastal Plain drilling is to understand
the sequence architecture of the New Jersey passive continental margin and the interplay
of various controlling mechanisms (e.g., glacioeustasy, sediment supply and subsidence)
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in its development. Although the New Jersey Coastal Plain Drilling Project has been
effective in identifying 11-14 Upper Cretaceous sequences, there remains a need to view
their subsurface distribution at a higher resolution than the coarse stratigraphic maps
previously available (Owens and Gohn, 1985).
A key objective of this project is to correlate the existing sequence stratigraphic
framework of Bass River and Ancora throughout the northern part of the state where the
Upper Cretaceous strata thicken (versus the southern part where they thin) via the use of
well logs. The generation of isopach maps (from core-well log integration) depicting the
subsurface distribution of sequences, facies and aquifers will lend additional clarity and
regional context to the geometry of passive margin sequences. The maps will also reveal
the chronology of onshore depocenter migration during the late Cretaceous, their
relationship to the offshore depocenters of Poag and Sevon (1989), and the role of the
paleo-Delaware and Hudson rivers on coastal plain deposition. It will also reveal the
influence of the existing structural fabric (e.g., Raritan and Salisbury embayments) on the
development of Upper Cretaceous sequences.
The development of onshore isopach maps will provide crucial onshore-offshore
correlations and explore the role of sequence development on aquifers. By establishing
the geometry of Upper Cretaceous sequences onshore I will be able to infer processes
offshore. Mapping sequences will further enable the study of late Cretaceous sea-level
change and the accompanying sedimentary response. It will also lend clarity to the
regional distribution of New Jersey’s aquifers, an obvious and important resource.
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II. Methodology
A. Introduction
Lithologic, geochronologic, and biostratigraphic analyses from coreholes drilled
at Bass River, Ancora, Millville, and Sea Girt identified 11-14 Upper Cretaceous
sequences with regional significance (Miller et al., 1998, 2004). However, a detailed
understanding of their subsurface distribution and geometry is inherently limited due to
the small number of onshore coreholes that have penetrated Upper Cretaceous strata and
large distances (upwards of 40 miles [~65 km]) that separate well locations. There is a
need for more wells to better define sequences in the subsurface.
The identification of the classic shoaling upwards sequences in coreholes allows
for precise correlation between the cored sequences and accompanying well logs. This
has led to the recognition of characteristic well log signatures for the principal Upper
Cretaceous sequences of the New Jersey Coastal Plain. For example, gamma logs
typically show their highest values at the base (e.g. ~100-150 API units), a medial
interval of intermediate values (e.g. ~50-100 API units), and an upper interval of
relatively low values (e.g. ~10-50 API units) capped by a rapid transition to high values
(representing a sequence boundary) (Fig. 4). However, the thickness of each interval can
vary from 5-100 ft depending on the respective sequence and amount of deposition.
Non-marine to marginal marine deltaic sediments (such as delta plain deposits) may
cause departure from the characteristic shoaling upwards sequences due to the variability
of possible facies (e.g. paleosols, levee, channel and lagoon deposits). The use of existing
well logs distributed across the northern coastal plain, obtained from the New Jersey
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Geological Survey and Industry sources, will allow for higher-resolution mapping of the
subsurface and the development of an accurate onshore stratigraphic model.

B. Well Logging Methods
Downhole well logging revolutionized the oil and gas industry after Conrad
Schlumberger first used electrical conductivity to distinguish metal ore deposits from
their surrounding strata in France’s Pechelbronn field in 1927 (Pike and Duey, 2002).
Well logging developed into an exact science in the following decades with the advent of
Nuclear (Gamma ray), Electric (Resistivity and Spontaneous Potential), and Acoustic
(Sonic) logging techniques.
Gamma ray logs measure the amount of “trapped” naturally occurring
radioactivity in formation sediments. Radioactivity in subsurface lithology comes from
the radioactive isotopes of three primary sources: uranium, thorium, and potassium (40K)
(Rider, 2002). The latter of the three (potassium) is the most abundant in nature, while
thorium and uranium are found in lesser concentrations, respectively (Rider, 2002). Finegrained sediments (shales, clays, and silts) are generally characterized by high gamma ray
measurements that kick to the right on a gamma log. This reflects the presence of
potassium in the composition of clay minerals (i.e. illite, montmorillonite, etc.) and the
“sticky” chemical makeup of sheet-silicates (Asquith and Gibson, 1982; Pirson, 1963).
Conversely, clean quartz-rich medium to coarse sands and carbonates (with low
clay content) emit low concentrations of radiation. These sediments are generally
represented by low values (kicks to the left) on a gamma curve. Although gamma ray
logs can be very useful in identifying grain-size variations, the presence of potassium in
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many rock-forming minerals (i.e. feldspars and micas) can result in abnormally high
gamma values for coarse-grained sediments, such as arkosic sandstones and glauconiterich sands (Rider, 2002). Thus, care must be taken to avoid incorrect correlations and
facies interpretations if well logs are far removed from core.
Electric logs involve the application of an electric current to the downhole
formation. Resistivity logs are used to distinguish the nature of the formation pore fluid
and identify freshwater, salt-water, and hydrocarbon-bearing zones (Schlumberger, 1989;
Pirson, 1963). The rock matrix and grains are non-conductive while certain fluids that
occupy the pore-space, namely saline formation waters, are highly conductive. Freshwater and oil are poorly conductive, meaning they are represented by high resistivity
values (Keys and MacCary, 1971; Rider, 2002).
Spontaneous Potential (SP) logs are used to record the permeability of downhole
formations, determine their clay content, and estimate the salinity of the formation pore
fluid. This is achieved by the measurement of the magnitude of current (in millivolts)
generated in the contact between the drilling mud and the formation pore fluid, often a
function of differences in salinity (Asquith and Gibson, 1982). Unlike resistivity logs, no
artificial currents are applied to the formation wall. Coarse, permeable sands are often
represented by negative deflections on a SP log while finer-grained shales generally
exhibit positive deflections to the right (Rider, 2002).
Sonic logs measure a formation’s ability to transmit sound waves and can provide
an interval transit time reading (Rider, 2002). This is done via the application of
compressional P-waves to the formation in order to determine variations in texture and
porosity. It is extremely valuable because it can provide interval velocities, lead to the
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generation of synthetic seismograms, and calibrate borehole data to seismic profiles
(Rider, 2002).

C. Methods
Detailed subsurface maps and cross sections of Upper Cretaceous sequences of
the northern New Jersey Coastal Plain were generated using the existing sequence
stratigraphic model of Miller et al. (1998, 2004). Four continuously cored boreholes at
Ancora, Bass River, Millville and Sea Girt provided identification of 11-14 Upper
Cretaceous shoaling upwards sequences. Each sequence was correlated to gamma ray and
resistivity logs that were recorded after drilling operations. This provided a characteristic
well log signature for the vertical arrangement of sequences in the subsurface. This
identifiable and recurring signature made it possible to correlate sequences and their
boundaries across the northern coastal plain using widespread well-log data from external
sources.
The New Jersey Geological Survey (NJGS) maintains an extensive archive of
New Jersey well log data including government, water utility, and industry wells. The
collection includes well logs and lithologic descriptions (e.g. composition of core
cuttings) dating as far back as the early 20th century.
The well log selection process for this project proved difficult despite the
existence of several hundred wells in the NJGS database. The diversity of sources (e.g.
private test wells versus government funded boreholes) and the antiquity of some logs
raised multiple issues due to the variety of log quality, accuracy, geographic distribution
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and subsurface depth. Each of these factors had an impact on the relevance of particular
wells to the Upper Cretaceous sequence stratigraphic model.
Logging (Nuclear, Electric and Acoustic) has steadily progressed as a science
over the last half century. The advent of new technologies has increased resolution,
removed degrees of uncertainty from well log interpretation and enhanced the
petrophysicist’s ability to identify properties of subsurface lithology and pore fluid
(Rider, 1990). A majority of well logs at the NJGS were grayscale copies of the initial
paper log. While most of these were of very high quality, several key wells were less than
ideal due to a poor initial paper log, the unavoidable drop in resolution during the
copying process, and loss of colored log signatures, if applicable.
Modern logs are digitally recorded, allowing for immediate interpretation and
convenient comparison with other wells. Full-suite electric logs can be projected along
the same depth axis allowing for easier interpretation. Depth and measurement scales of
different wells can be calibrated with the click of a mouse as opposed to the difficulty of
comparing logs of different scales. This facilitates accurate and expedient analysis and
comparison of multiple wells. Logging has also become increasingly accurate over recent
decades. The development of a standard API scale (American Petroleum Institute) for
measuring gamma ray radiation in sediment has replaced the often-variable “counts per
second” scale that was highly dependent on the model of instrumentation. Similar
standards have been set for electric and acoustic logging.
The NJGS wells are not evenly distributed across the New Jersey Coastal Plain.
There is a noticeable bias towards more densely populated and commercial areas for
hydrogeologic and environmental (e.g., groundwater pollution) purposes, respectively.
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As a result, available well logs are generally concentrated around significant population
centers (e.g., Toms River) and within several miles of the shoreline (Fig. 6). This trend
has left large areas of the coastal plain, such as the Pine Barrens, with sporadic well
coverage. It has had a predictable and significant affect on the Upper Cretaceous
stratigraphic model, as the population of well locations is much higher in the northern
coastal plain than the south.
A majority of the NJGS wells are relatively shallow (several hundred feet in
depth) boreholes that target Cenozoic aquifers. Because of their shallow depth and
termination in relatively young strata, it was necessary to retrieve well logs that
penetrated through the complete Upper Cretaceous section and into the Potomac
Formation to generate a comprehensive stratigraphic model. Towards the southern
reaches of the coastal plain, the surface of the Potomac can reach depths in excess of 600
meters (> 2000 ft), a distance which few wells reach. Because of the need for relatively
deep boreholes and lack thereof, wells were sometimes selected on the basis of depth
rather than ideal geographic location.
Wells were selected for inclusion into the stratigraphic model on the basis of the
aforementioned criteria: i.e., those that exhibited high quality, consistency with accepted
logging standards, and satisfied geographic and depth requirements (penetration through
Upper Cretaceous sequences). Selected wells were also required to carry a minimum of a
gamma ray log although it was preferred they also include additional electric (primarily
resistivity) logs. Several wells were omitted for the lack of a reliable gamma ray log, an
essential tool for identifying the Upper Cretaceous sequences.
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After the wells were selected, they were copied on the plotter at the New Jersey
Geological Survey. This produced an identical replica of each archived log that was later
scanned on the NJGS rolling scanner to convert the paper log to an electronic medium.
The electronic logs were brought to Rutgers University where they were digitized using
the Microsoft program “Grapher.” Digitization was a meticulous process of first setting
the x and y coordinates and then carefully plotting points to reconstruct the observed well
log signature. The recorded points were exported as a text file upon completion of
digitization and imported to Microsoft Excel where fully digital well logs were created
for analysis.
Well log data from 32 sites in total (including the four ODP boreholes) (Fig. 6)
was digitized and included in the Upper Cretaceous sequence stratigraphic model of the
northern New Jersey Coastal Plain. The basis for correlation of sequences was grounded
largely on the work of Miller (1998, 2004). The well-studied Bass River, Ancora,
Millville, and Sea Girt sites acted as the foundation for regional correlation as 11-14
shoaling upwards sequences were identified. Each of these sequences was tied to a
recognized well log signature, although ODP core and other data was still used to
constrain log signatures to account for changes in lithology, facies shifts, and variations
in thickness across the coastal plain.
This observed and repeatable signature was correlated across the northern coastal
plain using the gamma ray and resistivity logs of geographically distributed wells. The
primary lithologies used to correlate sequences across the region were the upper HST
coarse quartz sands that underlie sequence boundaries. The coarse grain-size of these
units results in significant gamma ray troughs that are bounded by finer grained
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sediments and higher gamma ray readings (Rider, 1990). The contact is generally sharp at
the top of the coarse sand unit due to the presence of a bounding unconformity and
overlying deeper-water, finer-grained sediments. The transition from shelf-silts and sands
(TST) to the coarse upper HST sands is more gradual, representing a typical regressive
sequence (Fig. 4).
The correlations based on gamma ray logs were complimented by the use of
resistivity logs when possible. Because the coarse upper-delta sands are also the coastal
plain’s primary groundwater aquifers, they are generally represented by very high
resistivities in the subsurface due to the presence of freshwater in the pore space (Fig. 4)
(Keys and MacCary, 1972). The combination of gamma ray and resistivity can offset the
negatives of a poor log. If a sandy unit is somehow not recorded on the gamma ray log,
high resistivity readings might indicate its presence and prevent incorrect correlation and
interpretation (Fig. 7). Spontaneous potential and sonic logs provided an additional
secondary data source when available.
After the sequence boundaries were established and correlated from well to well,
the data was imported into Rockworks 2002, a product of Rockware. This enabled the
generation of a three dimensional stratigraphic model of Upper Cretaceous sequences,
multiple correlation fence diagrams (Appendix 2a-f), a series of isopach maps that depict
sequence thickness (Figs. 8-32), and structural contour maps that outline subsurface
arrangement of sequence surfaces. Each one of these components is key in developing a
greater understanding of the regional sequence architecture and the margin’s response to
changing sea level and the roles of fluvial and deltaic sediment sources during the
Cretaceous.
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III. Data and Results
A. Introduction
In this study, 13 Upper Cretaceous sequences (Navesink, Marshalltown,
Englishtown, Merchantville, Cheesequake, Magothy 4B, Magothy 4A, Magothy III,
Magothy II, Magothy I, Bass River III, Bass River II and Bass River I) established from
lithologic, Sr-isotopic and biostratigraphic analyses of the four ODP coreholes were
mapped across the New Jersey coastal plain based on their characteristic well log
signatures. This resulted in the generation of a series of isopach maps depicting unit
thickness, facies distribution, and a history of onshore depocenter migration throughout
the Upper Cretaceous.
Two previously undiscovered sequences in the uppermost Magothy Formation
were tentatively identified upon completion of drilling operations at Sea Girt and
subsequent well log correlation across the northern coastal plain. The proximity to the
northern deltaic depocenter of the Magothy (Perry et al., 1975) preserved thicker sections
at Sea Girt, allowing for easier identification and increased resolution of sequences.
Eleven to sixteen Upper Cretaceous sequences (Navesink II, Navesink I,
Marshalltown, Englishtown, Merchantville III, Merchantville II, Merchantville I,
Cheesequake, Magothy 4B, Magothy 4A, Magothy III, Magothy II, Magothy I, Bass
River III, Bass River II, Bass River I) have been tentatively identified from the ODP
coreholes at Sea Girt and Millville. However, the identification of obscure sequences can
be difficult even with well-recovered cores. Low sedimentation rates, deep-water marine
facies (less sensitive to base-level variations), non-fossiliferous zones and poor core
recovery can complicate the identification of sequences. For this reason, coupled with
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the inherent limitations of resolution in detailed well log correlation, this analysis of
Upper Cretaceous sequence distribution has focused on identifying and mapping the most
significant and pronounced sequences of the New Jersey coastal plain.
The subdivisions of the Merchantville (III, II, I) and Navesink (II, I) sequences
have been omitted due to the limitations of well log analysis. Attempting to correlate thin
sequences would prove extremely difficult, possibly overstep the capabilities of well-log
analysis, and could compromise the integrity and accuracy of the most significant
sequences.

1. Bass River I Sequence
The lowermost sequence of the Upper Cretaceous strata, Bass River I, is one of
three Bass River sequences that occur in the Bass River Formation (Petters, 1976), the
marine equivalent of the coeval updip Raritan formation. The Bass River III-I sequences
were originally recognized as depositional sequence 2 of Owens and Gohn (1985). The
Bass River I sequence is dated as Cenomanian (at Ancora and Sea Girt) to early
Cenomanian (at Millville) in age and unconformably overlies the primarily terrestrial
mottled clays and paleosols of the Barremian-lowermost Cenomanian Potomac
Formation when sampled at Ancora, Millville, and Sea Girt.
The Bass River I sequence at Ancora is 36.1 ft thick (1110.9-1148 ft) and consists
of basal neritic glauconite sand (TST), medial prodelta silts and clays (lower HST) and
upper prodelta clays and silts with occasional thin sands (upper HST) (Miller at al.,
2004). A sharp contact at 1110.9 ft is interpreted as a sequence boundary separating the
basal clayey glauconite sand of the overlying Bass River II sequence from an interval of
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laminated shelly slightly silty clays (1110.9-1127 ft) of the upper Bass River I sequence.
From 1120-1130 ft, the section becomes increasingly silty, micaceous, bioturbated
shellier and glauconitic downsection. Silty glauconite clay (1130-1144 ft) overlies an
interval of shelly to very shelly glauconitic sand (1146-1148 ft). A distinctive sequence
boundary at 1148 ft separates this shelly, silty, clayey glauconite sand above from the
underlying Potomac Formation (Miller, Sugarman, Browning, et al., 1999).
The Bass River I sequence at Sea Girt reaches a thickness of 39.8 ft (1520.21560.0 ft) and is marked by a sequence boundary at 1520.2 ft that distinguishes the
overlying Bass River II sequence. The interval from 1520.2-1534.5 ft is characterized by
delta front to lower delta plain micaceous, lignitic, cross-bedded to bioturbated fine sands
(upper HST). Lower delta plain micaceous to very micaceous bioturbated clays with very
fine sand interbeds and common leaf fossils occur from 1534.5-1556.5 ft (lower HST)
and are underlain by lignitic silty clays that appear to have been deposited in an oxbow
lake environment. A contact at 1563.0 ft separates the very lignitic clay above and lignitic
sphaerosiderite-rich fine sands of the Potomac Formation below (Miller, Sugarman,
Browning, et al., 2005).
At Millville, the Bass River I sequence is 50.1 ft thick (1372-1422.1 ft) and is
capped by a sequence boundary at 1374.4 ft that separates the glauconite-quartz sands of
the Bass River II sequence above from the very sandy silty clay of the upper Bass River I
sequence below (Miller et al., 2003). This sequence boundary is marked by an
accompanying gamma ray increase on Millville well log data. The Bass River I sequence
is generally sandier than the two overlying sequences, ranging from an upper unit of
slightly micaceous, very sandy, silty clay with glauconite quartz sand and shell debris
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(1372-1416.35 ft) to a basal section of slightly silty, slightly micaceous clay that becomes
glauconitic, slightly lignitic and burrowed downsection (1416.35-1422.1 ft) (Sugarman,
Miller, Browning, et al., 2005). A majority of the upper sequence was deposited in an
inner-neritic to lower shoreface environment. The lower section of the sequence (14201422 ft) was likely deposited in a shallow marine environment. A sequence boundary at
1422.1 ft separates the underlying Potomac formation from the glauconitic, shelly silty
clay of the overlying Bass River I (Sugarman, Miller, Browning, et al., 2005).
Lithologic and paleoecologic analyses of the Bass River I sequence from the
Ancora, Sea Girt, and Millville coreholes (Bass River I was not penetrated at the Bass
River corehole) provided identification of the respective depositional environments for
each section. The sequence generally follows the characteristic transgressive-regressive
model observed across the Upper Cretaceous strata of New Jersey. At Ancora, the Bass
River I facies are interpreted as being neritic to prodelta. The Sea Girt facies are
interpreted as delta front to lower delta plain, whereas the Millville facies range from
inner-neritic to lower shoreface.
The Bass River I sequence maintains an identifiable and reproducible gamma ray
and resistivity signature in coastal plain well logs. The gamma log adheres to the
characteristic basal high, medial intermediate and uppermost “low” values observed
elsewhere, although the lack of pronounced upper HST medium to coarse sands observed
in younger Cretaceous sequences can result in a thinner gamma ray “low,” making
identification more difficult (Appendix. 1a-1af). This potential problem highlights the
importance of resistivity logs and their “high” values at sandy, water-bearing intervals
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versus lower values in the finer silts, clays and glauconites often found in the basal to
medial sections of a sequence.
Correlation of the Bass River I sequence across the New Jersey Coastal Plain
resulted in the generation of an isopach map depicting unit thickness. The interpreted
depositional setting of each ODP well (Ancora, Sea Girt, and Millville) was
superimposed to highlight regional facies changes (Fig. 8). The Bass River I sequence
generally thins updip towards the Ancora, Williamstown (549) and Pittman West (554)
wells in the southern coastal plain and the Jackson (634) and Freehold (860) wells to the
north (Fig. 8). The sequence reaches its thinnest observed thickness at the Williamstown
(549) well, measuring only 21 ft. In the updip region of the northern coastal plain, the
thinnest observed section is 33 ft at the Jackson (634) well.
Apart from a relatively thin pocket south of the Sea Girt corehole surrounding the
South Mantoloking (479) well (26 ft observed thickness), the Bass River I sequence
generally thickens downdip and seaward, achieving its thickest observed section of 69 ft
east of the Millville corehole at the Dorothy (34) well (Appendix. 1b). While values of
35-50 ft characterize much of the intermediate coastal plain, a “finger” of comparatively
thick (~50+ ft) section extends updip to the mid-coastal plain Toms River wells (e.g.,
Toms River 492, 493, etc.) giving the appearance of a relative “high” (Fig. 8).

2. Bass River II Sequence
The intermediate of the three Bass River sequences (Bass River II) has been dated
as mid-Cenomanian in age (Miller, Sugarman, Browning, et al., 2005). Like its
counterparts, it was originally classified under depositional sequence 2 of Owens and
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Gohn (1985) and KCE1 of Olsson (1991). It is bounded by recognizable unconformities
that separate it from the overlying Bass River III sequence and the previously discussed
Bass River I sequence.
The Bass River II sequence at Ancora is relatively thin, measuring only 26 ft
(1083-1109 ft). It is consists of basal neritic clay to clayey glauconite sand (TST), medial
prodelta sandy micaceous clay (lower HST), and delta-front coarsening-upwards fine
quartz sand (upper HST) (Miller et al., 2004). A pronounced contact at 1082.5 ft is
interpreted as the sequence boundary with the overlying Bass River III sequence. The
unconformity is underlain by indurated shelly fine quartz sand (1082.5-1084.8 ft) that
transitions to loosely consolidated fine sand that fines downsection to clayey sand and
sandy clay at 1089 ft. An interval of sandy, micaceous clay is observed from 1089-1095
ft. This is underlain by a section of heavily bioturbated, very micaceous to chloritic,
slightly glauconitic silty clay that extends from 1095.4-1107.5 ft. This interval exhibits
lignite, pyrite, shell beds and several thin (0.1-0.3 ft thick) indurated zones identified at
1095.3 ft, 1107.5 ft, and 1108.8 ft. The basal section (1107.5-1110.88 ft) of the Bass
River II sequence is characterized by basal glauconitic clay to clayey glauconite sand that
terminates at a lower sequence boundary identified at 1110.9 ft (Miller, Sugarman,
Browning, et al., 1999).
The Bass River II sequence at Sea Girt is 25.5 feet thick (1495-1520 ft). A
sequence boundary at 1495 ft separates the marine clayey silts, silty clays and sporadic
sands of the Bass River III sequence from the underlying fine to medium quartz “sugar”
sands of the upper Bass River II sequence. An interval of micaceous, slightly lignitic,
slightly silty fine to very fine sands continues down-section from the sequence boundary
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to a cemented zone at 1505.45 ft. The sequence fines downwards to slightly micaceous,
bioturbated clayey silt and very slightly micaceous clay to a sequence boundary at 1520.2
ft that distinguishes the underlying sands of the Bass River I sequence (Miller, Sugarman,
Browning, et al., 2005).
At Millville, the Bass River II sequence reaches an observed thickness of 31.85 ft
(1342.55-1374.4 ft). A sequence boundary at 1342.55 ft separates the overlying Bass
River III sequence from an underlying interval of very micaceous silty clay and very
micaceous, slightly sandy silt with shell beds (1342.55-1360 ft). A thin section of coarser
clayey sandy silt with glauconite sand and shell debris occurs at 1360 ft. From 1360.751365.95 ft the sequence is characterized by slightly micaceous silty clay with wispy silt
laminations (1-2 cm) and sporadic shell fragments. The base of the Bass River II
sequence grades from a micaceous, shelly, slightly sandy, glauconitic clayey silt (13701371.7 ft) to alternating beds of indurated and non-indurated dirty, shelly quartzglauconite sand (1371.7-1374.4 ft) interpreted as a lag deposit. A sequence boundary at
1374.4 ft separates the glauconite-quartz sand above from the very sandy silty clay
associated with the underlying Bass River I sequence (Miller et al., 2003; Sugarman,
Miller, Browning, et al., 2005). The basal sequence boundary is coincident with a
pronounced increase in gamma ray values.
Post-coring lithologic and paleoecologic analyses of the Bass River II sequence
from the Ancora, Sea Girt and Millville coreholes (like the Bass River I sequence, Bass
River II was not penetrated at the Bass River corehole) provided a paleoenvironmental
interpretation of each mid-Cenomanian section. The sequence at Ancora consists of basal
neritic facies that are overlain by prodelta facies. Delta-front sediments cap the Ancora

26

section (Miller et al., 2004). The Bass River II sequence at Sea Girt consists of similar
delta-front facies that overlie deeper-water prodelta deposits (Miller, Sugarman,
Browning, et al., 2005). The very micaceous silty clays and sandy silts of the Bass River
II at Millville are interpreted as inner to middle-neritic in origin (Sugarman, Miller,
Browning, et al., 2005).
The Bass River II sequence exhibits a gamma ray and resistivity signature that is
very similar to the underlying Bass River I sequence. They are very close in thickness
and the gamma log follows the characteristic basal high, medial intermediate and upper
low values observed throughout the New Jersey Coastal Plain. The presence of finergrained, silty and clayey sands in the upper HST often results in a thinner and less
pronounced gamma ray “low” (Appendix 1a-1af). Thus, the gamma log signature of the
Bass River II sequence is often dominated by relatively “high” values of TST to lower
HST silts, clays and glauconitic sands with a thin cap of coarser sand that is best
distinguished by the presence of a small peak of comparatively “high” resistivity values.
Correlation of the Bass River II sequence as identified at the three ODP coreholes
via the use of intermediate well logs resulted in the generation of an isopach map
depicting sequence thickness variations across the onshore New Jersey Margin. The Bass
River II sequence exhibits gradual downdip thickening towards the southeastern coastal
plain, where the Dorothy (34) well records a relatively thick 79 ft section.
The maximum section of the Bass River II sequence is located in the central
coastal plain around the Toms River series of wells. A thickening of 89 ft is found at both
the Toms River 605 and 640 wells (Fig. 9). The Toms River 603 well exhibits a similar
thickness of 88 ft while the Toms River 492 and 493 wells both record a Bass River II
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thickness of 79 ft. This pocket of comparatively thick Bass River II could represent a
localized center of deposition during the Cenomanian. The eastern portions of the
northern coastal plain display intermediate sequence thickness levels of 56 ft at Warren
Grove (404) and 44 ft at South Mantoloking (479). The northern coastal plain exhibits a
slight thickening as values of 77.5 and 63 ft are recorded at Long Branch (855) and
Howell (811), respectively.
The Bass River II sequence attains its thinnest section in three locales proximal to
the Ancora (26 ft), Millville (31.85 ft) and Sea Girt (25 ft) coreholes. The cluster of wells
surrounding Ancora (Williamstown (549), Williamstown (621), and Pittman West (554)
range from 24-32 ft in thickness and are consistent with the general thinning that is
observed updip. Although a thick interval of 79 ft is found at Dorothy (034), the sequence
thins slightly at the southernmost well of the study area, Millville (31.85 ft). This could
represent possible thinning onto the South Jersey High. The Sea Girt corehole records a
rather thin, isolated, and perhaps anomalous Bass River II interval of 25 ft. It is bordered
by an intermediate value of 35 ft to the south at Point Pleasant (717) while other nearby
wells each exceed 40 ft in thickness (Fig. 9).

3. Bass River III Sequence
The uppermost and thickest of the three Bass River sequences, Bass River III, is
the oldest Upper Cretaceous sequence cored by all four ODP Leg 174AX coreholes (the
Bass River corehole terminated midway through the Bass River III sequence). The Bass
River III sequence is dated as late Cenomanian to early Turonian in age. At Millville, the
upper Bass River III sequence is assigned to Pollen zone IV, placing it in the Lower
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Turonian (Sugarman, Miller, Browning, et al., 2005). It was originally categorized with
the other Bass River sequences (II and I) as depositional sequence 2 of Owens and Gohn
(1985) and KCE1 of Olsson (1991). It is unconformably overlain by the Magothy
Formation and sequences and underlain by the Bass River II sequence.
The Bass River III at Ancora offers a thin updip section of what thickens downdip
to become one of the thickest Upper Cretaceous sequences of the New Jersey Coastal
Plain. It reaches a thickness of only 20.6 ft (1061.9-1082.5 ft) at Ancora and consists
largely of prodelta to inner-middle neritic micaceous silty clay to glauconitic silty clay
(Miller et al., 2004). A very pronounced sequence boundary at 1062.5 ft separates the
finer silts and clays of the Bass River III from the coarse sands of the overlying Magothy
Formation. The majority of the sequence is composed of micaceous, slightly choloritic,
laminated and bioturbated silty clay. This silty clay extends down-section to 1082.5 ft
and becomes shellier from 1062.5 ft downwards. A slight increase in glauconite content
occurs across the last 1.5 ft of the sequence (1081-1082.5 ft). A sequence boundary at
1082.5 separates the micaceous silty clays of the Bass River III sequence from the
indurated, shelly quartz sand of the underlying Bass River II sequence. A distinct gamma
ray spike marks the sequence boundary (Miller, Sugarman, Browning, et al., 1999).
The Bass River corehole recovered a significant portion of the Bass River III
sequence, although sequence stratigraphic, lithologic, and biostratigraphic analyses
indicate that the Bass River II sequence was not penetrated (Miller et al., 2004). Drilling
at Bass River recovered 150.5 ft (1806-1956.5 ft) of Bass River III strata without
sampling a lower sequence boundary. For this reason the sequence at the Bass River
corehole was not included in the generation of the Bass River III isopach as the total
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thickness was not recovered. However, it provides a valuable data point in understanding
the sequence lithology and depositional setting and depicts the significant thickening the
Bass River III sequence experiences from its updip section (20.6 ft at Ancora) to its
downdip and near-strike parallel location at Bass River (150+ ft thick).
A major sequence boundary at 1806.4 ft distinguishes the overlying clays of the
Magothy Formation from the characteristic micaceous to chloritic, fine to very fine sandy
silt of the Bass River III sequence below (Miller, Sugarman, Browning, et al., 1998). The
upper section of the sequence is slightly sandy (1806.4-1821 ft). The underlying section
becomes finer-grained downsection, grading to occasionally shelly, clayey silt (18211899 ft), silty clay (1899-1924 ft) and laminated clay with siderite concretions and silt
interbeds from 1924 to total depth (1956.5 ft) (Miller, Sugarman, Browning, et al., 1998).
Although the entirety of the Bass River Formation recovered at the Bass River
corehole was assigned to the Bass River III sequence (on the basis of lithostratigraphy
and biostratigraphy), there maybe two shoaling-upwards parasequences present. A
potential sequence boundary at 1839.1 ft is overlain by lower shelly, bioturbated clayey
silt deposited in an inner-neritic setting. It gradually grades to an upper section of sandy
silt representing inner-neritic to prodelta conditions and terminates at the Magothy-Bass
River boundary (1806.4 ft) (Miller, Sugarman, Browning, et al., 1998). The underlying
“parasequence” shallows from mid-neritic glauconite clay to inner-neritic silty clay.
The Bass River III sequence at Sea Girt reaches a thickness of 206 ft (1289-1495
ft). The sequence boundary between the overlying Magothy I sequence and Bass River III
sequence was not recovered due to a coring gap. It is placed at 1289 ft due to a gamma
ray peak and the presence of sporadically recovered kaolinized, very sandy micaceous silt
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and clayey silt that grades to the laminated and bioturbated sandy micaceous silt to silty
sand, clayey silt and silty clays of the upper Bass River III sequence (1290.4-1300 ft)
(Miller, Sugarman, Browning, et al., 2005).
The section deepens downsection to deltaically influenced shelf deposits of silty
clay to fine, silty micaceous clay from 1300-1319.7 ft. Below is an interval of micaceous,
lignitic, laminated clayey silt that fines down-section to laminated slightly micaceous
silty clay with thin sand laminae from 1319.7-1346 ft (Miller, Sugarman, Browning, et
al., 2005). Alternating intervals of organic and less-organic laminated micaceous silty
clays characterize the Bass River III sequence from 1349.1-1416 ft. This thick interval
includes widespread beds of shell fragments (e.g. 1386.5ft), zones of siderite concretions
(1370.0-1372.5 ft), fine sand interbeds (e.g. 1381.2) and a significant interval of dark,
slightly clayey silt (1388.5-1394.6). The lowermost strata of this section consist of
organic-rich black to very dark gray to light gray color banded, laminated clayey silt and
silt (1395.5-1416.0) (Miller, Sugarman, Browning, et al., 2005).
The section from 1418-1430.5 ft is composed of micaceous, slightly lignitic
clayey silt and organic-rich clays overlying interlaminated micaceous clays and silts that
grade to micaceous silts with wispy sand laminae (1442-1456 ft). Clays to slightly
micaceous clays to sandy clays downsection characterize the interval 1460-1480.15 ft.
An organic-rich banded unit of alternating light and dark colored silts extends to a lower
sequence boundary at 1495 ft. This sequence boundary marks the contact with the
underlying Bass River II sequence (Miller, Sugarman, Browning, et al., 2005).
The Bass River III sequence observed at the Millville corehole is 46.4 ft thick
(1300.6-1347 ft). An abrupt contact at 1300.6 ft is interpreted as the sequence boundary
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separating the overlying Magothy Formation from the Bass River III sequence. Below the
contact is a unit of silty, shelly, micaceous to chloritic clay characteristic of the Bass
River Formation. Immediately under a coring gap (1301.7-1310 ft), slightly silty clay
with sand burrows gives way to finer-grained shelly clay at 1318.4 ft. Shelly, slightly
slity to silty clays pervade the sequence to a contact at 1340.9 ft with shelly, slightly
clayey, silty glauconitic fine grained sand that fines down-section to a clayey sandy silt.
This is interpreted as a Maximum Flooding Surface (MFS) due to the high concentration
of glauconite. The MFS at 1340.4 overlies the lower sequence boundary at 1342.55 with
the Bass River II sequence (Sugarman, Miller, Browning, et al., 2005).
Lithostratigraphic and paleoecologic analysis of the Bass River III sections at
each ODP corehole allowed the identification of local paleoenvironmental conditions.
Despite the vast difference in sequence thickness between the updip Ancora (20.6 ft) and
downdip Sea Girt (206 ft) sections, the depositional setting of the Bass River III sequence
is fairly consistent across the coastal plain. The upper micaceous silty clay at Ancora is
interpreted as prodelta in origin. The increase in glauconite in the basal section indicates
a possible “interfingering” of deeper-marine open shelf (inner to middle neritic)
conditions within a largely prodelta setting (Miller et al., 2004).
The Bass River III section at the Bass River corehole is interpreted as dominantly
inner to middle neritic in origin with occasional silts representing prodelta environments
(Miller, Sugarman, Browning, et al., 1998). Analysis of the Millville corehole indicates a
shallowing upwards from basal inner to middle neritic silty clays to possible lower
shoreface facies up-section (Sugarman, Miller, Browning, et al., 2005). The Bass River
III section at Sea Girt is interpreted as delta front to lower shoreface to offshore inner
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neritic in origin (Miller, Sugarman, Browning, et al., 2005). These deltaically influenced
deep-marine shelf facies indicate a landward position of the major deltas that dominated
deposition during this interval and may disclose the location of key depocenters.
The gamma ray signature for the Bass River III sequence is quite consistent
despite the large thickness variations observed across the coastal plain. The thick silty
micaceous clays that characterize the bulk of the sequence are represented by “high”
gamma ray readings. This nearly continuous section of high gamma values, caused by the
absence of significant quartz sands, can be quite thick in the downdip wells. Gamma ray
“lows” and slight resistivity “highs” characterize the coarser-grained sediment of the
uppermost Bass River II sequence that directly underlies the lower sequence boundary.
The unconformity with the overlying Magothy Formation is generally represented by a
shift from high gamma values of the Bass River III to the low values of the Magothy
quartz sands (Appendix 1a-1af).
The Bass River III sequence exhibits a classic, near-uniform downdip and
seaward thickening across the coastal plain (Fig. 10). The sequence thins considerably
updip and to the southwest (towards the Millville corehole), perhaps implicating the
existing basement structures (South Jersey High) as major players in the depositional
history of the Bass River III. The thinnest section is located in the wells immediately
updip of the Ancora corehole. Ancora (20.6 ft), Pittman West (554) (21 ft) and
Williamstown (621) (26 ft) represent the thinnest occurrences of the sequence. While the
sequence thickens dramatically to the east, relatively thin sections also characterize the
wells south of Ancora. Millville (46.5 ft), Dorothy (034) (61 ft) and Buena (546) (39 ft)
are consistent with the observed thinning updip and to the southwest.
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The Bass River III sequence thickens significantly to the east, reaching a
maximum thickness of 255 ft at the Island Beach (335) well. This extremely high value
does not appear to be erroneous as the slightly updip wells of Bass River (150+ ft), South
Mantoloking (479) (219 ft), Warren Grove (404) (239 ft) and Sea Girt (206 ft) also
exhibit consistently thick values. This near-uniform seaward thickening can best be
observed by viewing the vertical transect from Chatsworth (002) to Woodmansie (596) to
Warren Grove (404) (Appendix 2c). The Bass River III thickens from 130.9 ft
(Chatsworth) to 188 ft (Woodmansie) to 239 ft (Warren Grove). The Bass River III
sequence maintains intermediate values (140-200 ft) around the Toms River cluster of
wells and thins progressively to the north (100.5 ft at Howell (811) and 96.1 ft at Long
Branch (855)), most likely an affect of their updip location close to the border of
Cretaceous outcrop (Fig. 10). Constant thickness isopachs of the Bass River sequences
reveal thickness variations (Fig. 21).

4. Magothy I Sequence
The Magothy I sequence is one of five Turonian-Coniacian Magothy sequences
(I, II, III, IV A, IV B) that comprise the sandy Magothy Formation, one of New Jersey’s
primary aquifers. The Magothy Formation was penetrated at all four ODP holes, although
pollen zonation indicates that only the Sea Girt corehole sampled all five Magothy
sequences. The upper sequences (IV A and B) are not observed in ODP holes south of
Sea Girt, although their characteristic well-log signature indicates they extend ~20 km to
the south. This was determined from analysis of pollen zonation after Christopher (1982).
The Magothy I is dated as pollen Zone IV at Bass River and Sea Girt. The
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lowermost Magothy sequence at Ancora belongs to pollen Zone V (Magothy II). The
Magothy I sequence is absent from the Ancora corehole as the Magothy II
unconformably overlies the Bass River III sequence (Miller et al., 2004). The Magothy
Formation was initially classified as depositional sequence 3 of Owens and Gohn (1985),
although they correlated the Magothy as Coniacian, Santonian and lower Campanian.
Studies from Miller et al (2004) indicate it is older (Turonian-Coniacian).
The Turonian Magothy I sequence at Bass River is interpreted as 61 ft (17451806 ft) thick. The sequence can be broken down into two primary lithologies; a basal
prodelta micaceous, lignitic, silty clay (TST) and an upper delta-front lignitic silty sand to
fine sand that coarsens upwards to a coarse-grained, pebbly quartz sand believed to be
fluvial in origin (upper HST) (Miller et al., 2004). A pronounced sequence boundary at
1806.4 feet with the underlying Bass River III sequence is overlain by an interval of
(1776.0-1806.4 ft) of prodelta micaceous, silty lignitic clays. This coarsens upsection to
the aforementioned lignitic silty sands that grade to coarse pebbly sands above. A
sequence boundary at 1745 ft (inferred from gamma ray peak due to coring gap from
1744.8-1749.0 ft) separates the coarse sands from and overlying unit of white to red
interbedded and mottled clays representing the Magothy II sequence (Miller, Sugarman,
Browning, et al., 1998).
The Sea Girt corehole recovered a 26.2 ft (1262.8-1289 ft) section of the Magothy
I sequence (Fig. 32), correlated to the Sayreville Sand member of the Magothy Formation
in outcrop. A basal sequence boundary is inferred at 1289 ft due to a pronounced gamma
ray peak (a coring gap extends from 1286.5-1289.0 ft). This boundary separates the white
kaolinized, micaceous clayey silt of the upper Bass River III sequence from overlying
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silty, muddy fine sand with silty clay laminae that characterize the lower Magothy I
sequence from 1282.2-1286.5 ft (Miller, Sugarman, Browning, et al., 2005). The interval
from 1268.2-1282.2 consists of lignitic, pyritic gravely coarse sand (1268.2-1272.0 ft),
granule-rich clayey sand (1272-1272.5 ft) and a muddy coarse to medium sand (1280.01282.8 ft). A distinct contact (associated with a major gamma ray spike) is interpreted as
the sequence boundary with the overlying Magothy II sequence. This contact separates
the overlying mottled clays and paleosols correlated to the South Amboy Fire Clay
member from the laminated, slightly clayey fine-medium sands (1262.8-1268.2 ft) of the
upper Magothy I sequence (Miller, Sugarman, Browning, et al., 2005).
The Magothy I sequence thins to 11.5 ft (1289-1300.5 ft) at the Millville corehole.
An abrupt contact at 1300.6 ft is interpreted as the sequence boundary with the silty,
shelly micaceous clay of the Bass River III sequence. Above the contact is an interval of
lignitic, poorly consolidated, pyritic fine to medium sandstone (1300.2-1300.6 ft). A
coring gap from 1292.2-1300.0 ft obscures the dominant lithology of the interval,
although a thin segment of lignitic, medium-coarse cemented sandstone was recovered.
Slightly silty clay to clayey silt becomes sandier from 1286.25-1292.3 ft. The unit below
a contact at 1286.25 ft apparently experienced some degree of soil formation (gleying)
and mottling down to 1289 ft. Because the Magothy II sequence is characterized by
mottled clays and paleosols and the Magothy I is significantly sandier, we tentatively
place the Magothy I-II sequence boundary at 1289 ft (weathering affects no longer visible
below this contact) (Sugarman, Miller, Browning, et al., 2005).
Paleonenvironmental analysis of core from the three ODP wells that sampled the
Magothy I sequence resulted in the identification of depositional setting for each
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respective section. The Turonian Magothy I sequence at Sea Girt is believed to represent
an estuarine environment while the sedimentary facies vary from fluvial to alluvial
overbank deposits at the Millville corehole. The sequence at Bass River offers the most
diverse series of paleoenvironments, shallowing upwards from basal prodelta sediments
to delta-front and fluvial sands (Miller et al., 2004). These interpretations are consistent
with the concept of regressive HST sedimentary deposits belonging a large Turonian
delta in the coastal plain.
The Magothy I sequence is identified as the lower sand of the Magothy
Formation. Because it is a comparatively sandy unit bracketed by underlying micaceous,
silty clays of the Bass River Formation and overlying clays and paleosols of the Magothy
II (Amboy Stoneware Fire Clay), the Magothy I is relatively easily identifiable in welllog interpretation (Appendix 1a-1af). It is generally bordered by sharp and pronounced
gamma ray highs at the sequence boundaries. The sequence itself maintains low gamma
ray values and can be distinguished by a spike on resistivity curves. Differentiation of the
generally absent Magothy I and Magothy II at the updip wells around Ancora can be
quite difficult without the aid of pollen zonation. Physical data is instrumental in
identifying the regions where the Magothy II unconformably overlies the Bass River
Formation.
The Magothy I sequence exhibits a somewhat discontinuous distribution across
the New Jersey Coastal Plain (Fig. 11). It thins significantly updip to the point of no
recovery at Ancora and its surrounding wells (Williamstown (621 and 549) and Pittman
West (554)). The Magothy I sequence remains thin to the south, reaching levels of 11.5 ft
and 11 ft at Millville and Buena (546), respectively. The sequence thickens gradually to
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the north, reaching its maximum observed thickness of 63 ft at Woodmansie (596) and 61
ft at Bass River. The two wells form a “finger” of thick Magothy I that may thicken
further offshore. The Magothy I sequence appears patchy and inconsistent across the
remainder of the coastal plain, ranging in thickness from ~35-50 ft. Several pockets of
rather thin (e.g., -26 ft at Toms River (435)) Magothy I are surrounded by substantially
thicker intervals. A thin stretch of Magothy I sequence extends from the Sea Girt
corehole (26.2 ft) westward to the Jackson (634) well (31 ft). The absence of Magothy I
in the southern coastal plain indicates a northern source for the mid-Turonian delta and
very low sedimentation rates in the south.

5. Magothy II Sequence
The Magothy II sequence is the second of five upper Turonian-Coniacian
Magothy sequences of the New Jersey Coastal Plain. It is sampled at all four ODP
coreholes unlike the underlying Magothy I sequence, although the observed thickness in
core is highly variable (8 ft at Bass River to 79.6 ft at Ancora). The Magothy II sequence
contains two of the Magothy’s six members; the lower South Amboy Fire Clay and the
upper Old Bridge Sand Member in outcrop are correlated to the core at the Sea Girt site
(Fig. 33). The paleosols and mottled clays of the South Amboy Fire Clay member are a
distinguishing characteristic of the Magothy II sequence. These paleosols (observed
across the coastal plain) and accompanying distinct gamma ray peaks make regional
correlation of the Magothy II possible. The Magothy II is assigned to pollen Zone V of
Christopher (1982) and was initially included in depositional sequence 3 of Owens and
Gohn (1985).
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The Magothy II sequence at Bass River is restricted to a very thin 8 ft (1737-1745
ft) section. Although recovery was very poor below 1727 ft, white kaolinitic clay was
recovered from 1733-1734.5 ft and red clay with sandstone clasts was recovered from
1744-1744.8 ft. It is believed these terrestrial clays represent the base of the Magothy II
sequence. A coring gap from 1744.8-1749.0 obscures physical evidence of the basal
sequence boundary, necessitating the use of a gamma ray spike at 1745 to position the
contact. The top sequence boundary with the overlying Magothy III is also located in a
zone of poor recovery and a gamma ray shift at 1737 ft signifies a transition out of the
Magothy II clays (Miller, Sugarman, Browning, et al., 1998).
The thickest (79.6 ft) section of the Magothy II sequence observed in core is
located at the Ancora corehole. The Magothy II extends from 983.4-1063 ft and is
characterized by lignitic, medium to coarse sand with silty clay interbeds (Miller et al.,
2004). A sharp contact with the underlying clays of the Bass River Formation (the
Magothy I sequence is not found at Ancora) occurs at 1063 ft and is interpreted as a
sequence boundary. The overlying sequence boundary occurs in a coring gap from 985990 ft and is recognized at or around 985 ft (in accordance with gamma log data).
Massive, slightly lignitic medium to coarse sand with silty and clay interbeds coarsens
downsection from 990-1063 ft. The interval from 990-1010 ft is generally coarser and
more lignitic than the interval from 1010-1063 ft. Several fining upwards packages,
characterized by basal pebbly very coarse sand fining to medium-coarse sand to thin silty
clay, dominate the lower interval of the Magothy II sequence (Miller, Sugarman,
Browning, et al., 1999).
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The Magothy II sequence at Sea Girt can be correlated with the South Amboy
Fire Clay and the Old Bridge Sand members of the Magothy Formation. It reaches a
thickness of 50.1 ft (1212.7-1262.8 ft) at Sea Girt and represents a coarsening-upwards
sequence of basal mottled clays and paleosols to overlying med-coarse quartz sand. A
contact at 1212.7 ft is interpreted as a sequence boundary separating the overlying
organic-rich sands and clays of the Magothy III sequence from granuliferous coarse sands
of the Magothy II sequence. These sands that are assigned to the Old Bridge Sand
member extend from 1212.7-1237 ft. A coring gap from 1233.5-1240 ft obscures the
contact between the overlying coarse sands of the upper Magothy II (Old Bridge
Member) and the finer grained sediments of the lower Magothy II (South Amboy Fire
Clay Member). The contact is placed at 1237 on the basis of a very sharp gamma ray
peak (Miller, Sugarman, Browning, et al., 2005).
Transitional, slightly silty clay with fine sand laminae occurs from 1240.1-1242 ft
at Sea Girt. An abrupt contact at 1242.05 ft separates the overlying lithology from
mottled red to white clays containing sphaerosiderite and root traces that represent
paleosols. This unit of mottled clay continues to 1252 ft where it becomes increasingly
laminated to a contact at 1253.7 ft. Below this contact is very fine silty sand to slightly
micaceous sandy silty clay that extends to the basal sequence boundary with the Magothy
I sequence (Miller, Sugarman, Browning, et al., 2005).
A thin 15 ft (1274-1289 ft) section of the Magothy II sequence was recovered at
the Millville corehole. An irregular contact at 1274.3 ft is interpreted as a sequence
boundary separating the overlying Magothy III sequence from an interval of light gray,
slightly clayey, lignitic silty very fine sand to sandy silt that extends 1283.6 ft. It is
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interpreted as a fining-upwards succession of basal lignitic (25%) silty fine sand to the
overlying sandy silts. The uppermost section of the Magothy II sequence (1274.3-1276 ft)
is characterized by cracks, root traces, and sphaerosiderite indicating a period of soil
development (Sugarman, Miller, Browning, et al., 2005).
Lithologic and paleoecologic analyses of the Magothy II sequence revealed an
assortment of depositional environments ranging from marginal marine to
fluvial/terrestrial. The thin red to white mottled clays observed at Bass River are
interpreted as terrestrial in origin and may represent soil formation in an upper delta plain
environment (Miller, Sugarman, Browning, et al., 1998). The lower South Amboy Fire
Clay paleosols of the Magothy II sequence at Sea Girt are interpreted as having a similar
depositional origin (upper delta plain environment). The overlying Old Bridge Sand
Member at Sea Girt is interpreted as a channel deposit (Miller, Sugarman, Browning, et
al., 2005). The fining-upwards succession observed at Millville is interpreted as alluvial
overbank with a zone of soil formation at the top (Sugarman, Miller, Browning, et al.,
2005). The massive, lignitic medium to coarse sands of the Magothy II at Ancora could
represent a fluvial to marginal-marine depositional system (Miller, Sugarman, Browning,
et al., 1999).
The well log signature of the Magothy II sequence can be highly variable
depending on well location and sequence thickness (Appendix 1a-1af). Relatively coarsegrained sediments dominate the thick section at Ancora, and as a result the gamma
signature reflects the lithology. Low values characterize a bulk of the sequence though
several thin, finer-grained intervals result in intermediate thin gamma spikes. Finergrained sediments that cause very sudden and high gamma peaks (at the sequence
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boundaries) bracket the thick sands. The gamma signature of the Magothy II at Millville
is quite different. It is characterized by high gamma values (a result of its finer-grained
lithololgy) that exhibit twin peaks around a slightly lower gamma “trough.” The Magothy
II at Bass River offers a similar gamma signature as the bulk of the sequence is composed
of clays, although there is only one distinguishable peak in the section. The sequence at
Sea Girt is represented by very high gamma values that mark the South Amboy Fire Clay
(lower Magothy II) and a sharp transition to the gamma “trough” and peak resistivities of
the coarse quartz sands of the Old Bridge Sand (upper Magothy II).
The Magothy II can be correlated effectively across the coastal plain despite the
high variability of the gamma ray signatures. Its position can be established from its
placement between the sands of the Magothy III and I sequences and the identification of
pollen zones from Miller et al (2004). The different gamma signatures are interpreted to
represent the presence of complex sedimentary facies (common in delta plain
environments) rather than incorrect correlation.
The Magothy II sequence reaches its thickest section at the western limit of the
coastal plain close to the Ancora site (Fig. 12). Ancora (79.6 ft), Williamstown (549) (86
ft), and Pittman West (554) (82.7 ft) exhibit this updip thickening of the sequence. The
Magothy II sequence thins rapidly to the southwest. The Williamstown (621) well, only
several miles east of Pittman West (554), measures just 51 ft. The Millville (15 ft),
Dorothy (34) (10 ft), Buena (546) (8 ft) and Bass River (8 ft) wells to the south illustrate
this pervasive and pronounced thinning across the southern New Jersey Coastal Plain.
The Magothy II is significantly thicker in the northern coastal plain than the south,
ranging in thickness from ~30-55 ft from the Toms River cluster northwards. A
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secondary depocenter around Lakewood (658) and South Mantoloking (479) exhibits
thickness values of 70 and 61 ft, respectively. The twin depocenters of the Magothy II
sequence indicate the possibility of a dual northern-southern source depositional system.

6. Magothy III Sequence
The Magothy III sequence is the uppermost of the upper Turonian-Coniacian
Magothy sequences that are sampled in all four ODP coreholes. The overlying Magothy
IV A and IV B sequences are only identified in core at Sea Girt and appear to be
restricted to the northern coastal plain. The Magothy III sequence has been correlated to
the Amboy Stoneware Clay Member at Sea Girt, a complex group of alternating delta
plain, overbank swamp, levee and terrestrial soils. In the southern coastal plain the
depositional facies are generally much more straightforward (i.e., fluvial system at
Ancora). The sequence is easily recognizable as the upper Magothy sand and holds
hydrogeological significance throughout the coastal plain (Sugarman et al., 1995). The
Magothy III (and other Magothy sequences) was initially identified as depositional
sequence 3 of Owens and Gohn (1985).
A 28 ft (1709-1737 ft) section of the Magothy III sequence was recovered at Bass
River. The sequence is represented by a rare retrogradational succession that is relatively
unusual for Upper Cretaceous sequences of the New Jersey Coastal Plain (they
consistently shallow up-section). This suggests that only the basal TST of the sequence
was recovered and the expected HST was shortened or eroded prior to deposition of the
overlying Cheesequake sequence at Bass River (no Magothy 4A or 4B sequences were
recovered in the southern coastal plain) (Miller et al., 2004).
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A sequence boundary at 1709.2 ft at Bass River divides the glauconite sands of
the Cheesequake Formation from the underlying micaceous laminated clay (1709.21710.8 ft) and shelly interbedded clay to clayey, pebbly medium to coarse sand of the
Magothy III (1710.8-1713.6 ft) (Miller, Sugarman, Browning, et al., 1998). The section
fines to a very well sorted lignitic, medium to fine quartz sand from 1714-1724 ft. This is
underlain by interbedded sandy, silty clay and clayey very fine sand from 1724-1727 ft.
Poor recovery obscures the contact between the underlying terrestrial clays of the
Magothy II sequence. The contact has been placed at 1737 ft due to a gamma ray
inflection (Miller, Sugarman, Browning, et al., 1998).
The Magothy III sequence at Ancora is recorded as 26 ft thick (957.4-983.4 ft). A
sequence boundary at 957.4 ft separates the overlying Cheesequake Formation from the
poorly sorted, coarse- to very coarse-grained quartz sands of the Magothy III that extend
from 957.4-970 ft. The section below 970 ft is characterized by interbedded slightly
sandy silty clay and lignitic sand that extends to a coring gap from 984.9-900 ft. The
lower sequence boundary with the Magothy II sequence is placed at 983.9 (due to a
gamma ray increase) (Miller, Sugarman, Browning, et al., 1999).
The thickest section of Magothy III was recovered at the Sea Girt corehole and
measures 64.7 ft in thickness (1148-1212.7 ft). A sequence boundary at 1148.05 ft
separates the overlying Magothy 4A sequence from the slightly sphaerosideritic tan clays
with micaceous fine-grained sand laminae (1148.05-1153.7 ft) of the upper Magothy III
sequence. These could possibly represent a period of soil formation. The interval from
1153.7-1166.7 ft consists of interbedded cross bedded, micaceous, slightly lignitic, fine to
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medium-grained sands with dark to light gray, laminated sandy to silty clay (Miller,
Sugarman, Browning, et al., 2005).
The section from 1166.7-1175 becomes lignitic and sandier down-section and is
composed of interlaminated organic-rich, slightly silty clay and thin beds (1-3 mm) of
fine sands. This is underlain by an interval (1175.0-1186 ft) of bedded lignite and pyriterich sands that grade to organic-rich interlaminated clays and micaceous sands from
1175.7-1186 ft. The presence of reddish brown clay laminae and red rip-up clasts from
1180-1186 ft could indicate incipient soils that have undergone early-stage soil
formation. A coring gap from 1186-1190 ft is underlain by a fining-upwards section
(1190-1212.7 ft) of organic-rich sands with interlaminated sands above to sands with
organic-rich clay laminae below. A sequence boundary at 1212.7 separates the Magothy
III and II sequences and is indicated by a lithologic contact and gamma ray increase
(Miller, Sugarman, Browning, et al., 2005).
A 19.6 ft (1254.4-1274 ft) section of the Magothy III sequence was recovered at
the Millville corehole. A distinct sequence boundary at 1254.4 ft separates the dark,
muddy sand of the Cheesequake Formation above from the pinkish gray, lignitic fine
sand of the Magothy III sequence below. The uppermost section of the Magothy III
(1254.4-1257.9 ft) is composed of fine to very fine silty sand with sphaerosiderite
nodules (indicating soil formation) grading down-section to lignitic, pyritic silt from
1256.6-1257.0 ft). At 1260 ft, below a zone of no recovery, is an interval of red to white
mottled clays with root casts believed to represent terrestrial soil. This interval extends
from 1260-1274.3 ft and coarsens slightly to mottled red and white silty clay with root
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traces. A contact at 1274.3 ft represents the lower sequence boundary (Sugarman, Miller,
Browning, et al., 2005).
The paleoenvironment of each Magothy III section was determined from
lithologic and paleoecologic analysis. The Magothy III sequence at Bass River is
interpreted as marginal-marine laminated clays and sands (indicated by marine
nannofossils) underlain by sands that were deposited in a delta-front environment (Miller
et al., 2004). The Magothy III at Ancora consists of lower delta-front to estuarine
deposits (TST) and overlying channel to fluvial sands (Miller et al., 2004). A complex
collection of lithologies at Sea Girt is interpreted as lower delta plain, medial overbank
swamp, distal to proximal levee, and a capping interval of terrestrial soil deposits
(Fig.21.) (Miller, Sugarman, Browning, et al., 2005). The sedimentary facies at Millville
are interpreted as upper delta plain to alluvial plain with interfluvial mudplain soil
horizons (Sugarman, Miller, Browning, et al., 2005).
The well log signature of the Magothy III sequence is best represented by the low
gamma ray values and conversely high resistivity values that characterize its thin upper
sand. These low values contrast with its lower gamma peaks (Appendix 1a-1af). This
upper sand varies in thickness across the coastal plain, ranging from ~5 ft at Bass River
to 10 ft at Ancora and Sea Girt. The glauconitic sands of the Cheesequake above and the
clays and paleosols of the Magothy II below “bookend” the low gamma values of the
sand with pronounced and sudden gamma increases.
The Magothy III sequence generally thickens downdip and to the northeast. Thin
to absent updip sections at Pittman West (554) (0 ft), Williamstown (549) (20.5 ft),
Ancora (26 ft) and Williamstown 621 (42 ft) gradually thicken eastward. Thickness
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values in the central coastal plain are very consistent, ranging from 30-45 ft around
Chatsworth (002) and Warren Grove (404) to 30-50 ft around the Toms River/Lakewood
group of wells (Fig. 13). The Magothy III reaches its thickest section at Sea Girt (64.7 ft).
This section is thicker than any other observed across the New Jersey Coastal Plain,
although several wells surrounding Sea Girt (South Mantoloking (479), Asbury Park
(815), etc.) exhibit values of 45-55 ft. The thick section at Sea Girt could represent an
isolated depocenter or indicate the presence of thicker Magothy III offshore. This is
consistent with the observed thickening of the Magothy Formation towards the northern
coastal plain and Long Island platform (observed thickness of over 300 m) (Perry et al.,
1975; Olsson et al., 1988).

7. Magothy IV A and IV B Sequences
Two early Coniacian Magothy IV sequences (A and B) were only penetrated at
the Sea Girt corehole (Fig. 23). This could be due to the northerly thickening of the
Magothy Formation (141 ft at Sea Girt versus 46.1 ft at Millville), the influence of a large
delta and higher sedimentation rates on the northern coastal plain, or truncation and
erosion of Magothy sequences to the south. The Magothy IV A and B have been assigned
to pollen Zone VII of Christopher (1982) while the underlying Magothy (III-I) sequences
sampled at the ODP coreholes were identified as being no younger than pollen Zone V
(Miller et al., 2004). These two previously unidentified Magothy sequences fit into
depositional sequence 3 of Owens and Gohn (1985) on the basis of their position atop the
Magothy Formation.

47

The Magothy IV A sequence is recorded as 33 ft thick (1115.9-1148 ft) at Sea
Girt and correlates to the Morgan Beds Member of the Magothy Formation. The
overlying Magothy IV B sequence is recorded as 58.5 ft thick (1056.5- 1115.0 ft) and is
interpreted as correlating to the Cliffwood Beds Member. Despite the lack of physical
evidence from additional cores, the Magothy IV A and B can be correlated across the
northern coastal plain on the basis of their characteristic well-log signature (Appendix
2f).
The Magothy IV A sequence is bordered by a sequence boundary at 1115.0 ft that
is identified by a gamma log spike due to an interval of no recovery from 1110.65-1120.0
ft. The section from 1120.2-1148 ft is characterized by cross bedded medium to fine sand
with muddy interbeds. From 1120.2-1130.1 ft there are trough cross bedded, micaceous
to lignitic silty fine to very fine sands. An interval of organic-rich silty clay occurs from
1135.7-1139.3 ft. Very lignitic, very micaceous medium to fine sands extend from 1140.5
ft to an interval of bedded lignite that overlies the basal sequence boundary at (1148.05
ft).
The Magothy IV B sequence is capped by a major sequence boundary at 1056.5 ft
that separates the overlying Cheesequake Formation from the uppermost Magothy
sequence, the Magothy IV B. There is sporadic recovery from 1056.5-1070 ft and a
sample of poorly sorted gravels was arbitrarily recovered somewhere between 1060-1070
ft. An interval of cross bedded, burrowed, micaceous fine sand with interbedded
micaceous organic-rich sand was recovered from 1072-1093 ft. Thin clay and lignite
laminae occur throughout this interval. Below a coring gap (1093-1100 ft) the section is
dominated by thicker bedded, burrowed, clean, granuliferous, well-sorted medium sands
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with interbeds of lignite (1100-1105.9 ft). A unit of laminated, organic-rich, slightly
micaceous, silty clay with sand laminae extends from 1105.9 ft to a coring gap from
(1110.65-1120.0 ft). The lower sequence boundary is inferred from a high gamma ray
peak at 1115.0 ft. The Magothy IV B correlates to the Cliffwood Beds of the Magothy
Formation (Miller, Sugarman, Browning, et al., 2005).
The cross bedded fine to medium sands of the Magothy IV A sequence are
interpreted as lower delta plain to delta front deposits, with possible tidal channel/bay to
marsh subenvironments dispersed throughout the section. The Magothy IV B sequence is
characterized by a diverse set of depositional environments. Lower delta plain/delta front
deposits characterize the basal unit. These are overlain by an upward progressing
succession of bay/lagoon to proximal upper shoreface to lower delta plain/delta front
environments (Miller, Sugarman, Browning, et al., 2005).
The Magothy IV A and B sequences have identifiable gamma ray signatures that
allow for their correlation across the northern coastal plain (Appendix 2f). These
signatures allow for accurate identification of the sequences as far south as the
Chatsworth (002) well, where they become rather thin and eventually disappear to the
south. The Magothy IV A sequence at Sea Girt is characterized by a series of four
intermediate gamma ray spikes in the form of two rotated letter “M’s” (Appendix 1a-1af).
The sequence boundaries can be placed at the peak of the upper and lower gamma spike
as the number and amplitude of Magothy IV A spikes varies across the northern coastal
plain.
The Magothy IV B sequence is characterized by relatively low gamma ray and
high resistivity values, as it represents the last significant quartz sand unit before the
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overlying glauconite sands, clays and silts of the overlying Cheesequake and
Merchantville Formations. A “choppy” gamma ray zone, presumably caused by intervals
of fine sand and silty clay interbeds, occurs in the Magothy IV B and can be used to
identify the sequence (Fig. 33). It is bracketed by the high gamma values of the
Cheesequake Formation and the underlying peak that marks the sequence boundary with
the Magothy IV A sequence.
The Magothy IV A sequence is absent from all wells and boreholes in the
southern coastal plain, including Millville, Bass River, and Ancora (Fig. 14). The
southernmost and relatively thin section is found at Browns Mills (598) where it
measures 6 ft in thickness (Fig.19.). The nearby Chatsworth (002) and Woodmansie
(596) wells measure 16 ft and 11 ft, respectively. The Toms River cluster of wells exhibit
intermediate values ranging from 6 ft at the Lakehurst (605 and 603) wells to 24 ft at the
Toms River (640) well. Similar values (15-25 ft) are observed downdip along the coastal
South Mantoloking (479), Lavallette (602), Seaside Heights (820) and Island Beach (335)
wells. The Magothy IV A sequence thickens significantly to the north, reaching a
maximum thickness of 57.3 ft at Asbury Park (815). The sequence remains relatively
thick immediately north (44 ft at Long Branch (855)) and south (33 ft at Sea Girt) of
Asbury Park (815). The sequence thins to the updip to the west, thinning to only 14 ft and
19 ft at Jackson (634) and Freehold (860). The thick interval at Asbury Park could
indicate a local depocenter in the midst of a regional depocenter that underlies much of
the northern coastal plain.
The Magothy IV B sequence thickens upstrike and to the north and is similarly
absent from the southern coastal plain in ODP cores (Fig. 15). Its southernmost section is
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9 ft at Woodmansie (596) and 20 ft several miles to the west at Chatsworth (002). An
East-West trending swath of wells extending from Toms River/Lakehurst to South
Mantoloking/Seaside Heights range between 10-25 ft in thickness. From this interval of
intermediate values, the Magothy IV B sequence thickens dramatically to the north. Twin
“bulls-eye” depocenters occur at the Freehold (860) and Sea Girt wells. Freehold (860)
exhibits a sequence thickness of 53.3 ft and Sea Girt records a thickness of 58.5 ft. The
other wells that populate the northern coastal plain show comparable values that range
from 32.2 ft at Lakewood (658) to 35.7 ft at Long Branch (855). The distribution of the
Magothy IV B roughly mimics that of the Magothy IV A sequence, although the location
and thickness of the depocenters is slightly different. This similar pattern could indicate
both sequences were influenced by the same northern deltaic source that did not heavily
impact the southern coastal plain.

8. Cheesequake Sequence
One lower to middle Santonian sequence is identified in cores and correlated with
the Cheesequake Formation that was first described as a slightly glauconitic clayey silt in
outcrop by Litwin et al (1993) and formally named by Owens et al (1998). The
Cheesequake sequence is a relatively thin (8-26 ft) unit that lies between two distinct
unconformities with the Merchantville Formation above and the Magothy Formation
below (Miller et al., 2004).
The Cheesequake reaches its greatest observed thickness of 26 ft (1683.2-1709.2
ft) at the Bass River borehole. An unconformity at 1683.2 ft separates the overlying
glauconite clay of the Merchantville from the coarser-grained glauconite sand of the
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Cheesequake. The upper section of the sequence (1683.2-1704.15 ft) is composed of a
matrix of clayey glauconite and quartz sands (representing the HST). These glauconitic
sands fine down-section to glauconitic clay (TST) at 1704.15 ft that overlies the sequence
boundary with the Magothy Formation at 1709.2 ft (Miller, Sugarman, Browning, et al.,
1998).
A 12.1 ft section (945.3-957.4 ft) of the Cheesequake sequence was sampled at
the Ancora corehole. Slightly silty, lignitic, bioturbated, fossiliferous (with shark teeth),
pebbly, medium- to coarse-grained quartz sands occur below a sequence boundary at
945.4 ft and are believed to represent the HST of the Cheesequake sequence (Miller,
Sugarman, Browning, et al., 1999). The quartz sands grade down to a contact at 953.2 ft
(a possible MFS) that is underlain by micaceous, bioturbated, slightly glauconitic, clayey
silty quartz sand that extends to 957.0 ft (possible TST). A sequence boundary with the
underlying Magothy Formation at 957.4 ft is immediately overlain by a thin (~0.5 ft)
reworked interval with rip-up clasts, phosphate pellets and lignite (Miller, Sugarman,
Browning, et al., 1999).
The Cheesequake sequence reaches an estimated thickness of 10.5 ft (10461056.5 ft) at Sea Girt. Recovery from 1037.5-1060 ft was very poor, but sporadically
recovered segments were identified as muddy, glauconitic, fine-grained sand of the
Cheesequake Formation. The sequence boundaries that bracket the Cheesequake
sequence are placed at 1046 ft and 1056.5 ft on the basis of sharp gamma kicks and facies
changes observed at the next recovered interval (Miller, Sugarman, Browning, et al.,
2005).
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At Millville, the Cheesequake sequence reaches its thinnest observed interval of
8.15 ft (1246.25-1254.4 ft). A heavily burrowed contact at 1246.25 ft marks the sequence
boundary between the overlying very fine glauconite sand of the Merchantville
Formation from Cheesequake sediments. The lithology from 1246.25-1250 ft consists of
cross bedded, lignitic, slightly shelly, glauconitic, fine to medium quartz sand with clays
interbeds. A shift at 1250 ft separates the overlying lithology from a shelly, slightly
muddy, slightly micaceous fine sand that extends to a lower sequence boundary at 1254.4
ft (Sugarman, Miller, Browning, et al., 2005).
The paleoenvironmental setting of the Cheesequake sequence is fairly consistent
across the coastal plain. The section at Ancora was deposited in an inner-neritic
environment, although there appears to be a shallowing-upwards succession in the
interval (Miller et al., 2004). The Cheesequake at Bass River is also interpreted as being
inner-neritic in origin (Miller et al., 2004). At Sea Girt, the environment is designated
inner to middle-neritic (Miller, Sugarman, Browning, et al., 2005) while sequence at
Millville portrays a marine, delta-front environment of deposition (Sugarman, Miller,
Browning, et al., 2005).
The Cheesequake sequence is correlated across the coastal plain on the basis of its
position between the glauconitic, fine-grained Merchantville Formation (high gamma
values) and the coarse quartz sands (low gamma, high resistivity values) of the Magothy
Formation. It retains the identifiable gamma log signature of a rotated “W” and occurs
right at the contact (and accompanying gamma transition) of the Magothy with overlying
fine-grained, glauconitic sediments (Appendix 1a-1af). From a fine-scale approach (the
sequence is very thin), the finer clayey glauconitic sands at the base of the sequence are
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represented by high values that descend slightly as the sand coarsens slightly upsection
(Appendix 1a-1af). A distinct return to very high values at the top of the Cheesequake
marks the contact with Merchantville Formation.
The Cheesequake sequence exhibits gradual downdip, thickening towards the
Bass River corehole. The updip area of the coastal plain is characterized by very
consistent thicknesses from the north to south that range from 12-14 ft (Fig. 16). The
downdip cluster of wells proximal to Toms River range from 12-16 ft in thickness. A dipparallel transect from Chatsworth (002) to Woodmansie (596) to Island Beach (335)
illustrates the apparent gentle thickening of the Cheesequake seaward (Appendix 2c). The
sequence thins dramatically to the south, represented by very thin sections at Millville
(8.1 ft), Buena (546) (8 ft) and Dorothy (034) (11.4 ft). This may indicate thinning onto
the South Jersey High. A less-pronounced thinning of the sequence is visible around Sea
Girt, Point Pleasant (717) and Lakewood (658). The sequence thins to as little as 10.5 ft
at Sea Girt and the surrounding wells range from 12-15 ft in thickness. The Cheesequake
reaches its thickest interval of 26 ft at the Bass River corehole. This indicates a possible
offshore depocenter during this period.

9. Merchantville (III to I) Sequences
As many as three uppermost Santonian-middle Campanian sequences, the
Merchantville III, II and I, were identified across the Merchantville-Woodbury-lower
Englishtown Formations on the basis of limited Sr isotope, biostratigraphic and gamma
log data (Miller et al., 2004). In outcrop the Merchantville Formation consists of
glauconitic clayey sand and is overlain by the thick micaceous, slightly glauconitic clays
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of the Woodbury Formation. These underlie the lower Englishtown formation, a unit of
shelly, micaceous, glauconitic silty quartz sand (Miller et al., 2004). The greater
Merchantville-Woodbury-lower Englishtown section represents a large transgressiveregressive succession, although it has tentatively been divided to represent three
sequences (Miller et al., 2004). This sequence was first identified as depositional
sequence 4 of Owens and Gohn (1985). Further biostratigraphic, Sr-isotopic and
lithologic analysis of the Merchantville sequence (currently in progress) will test the
concept of three Merchantville sequences.
One Merchantville sequence was correlated across the New Jersey Coastal Plain
in this study due to the difficulty in identifying and correlating these glauconite-rich
sequences on well logs alone. The HST sands are very thin when sampled in core and are
partially obscured by fine-grained sediment and the presence of abundant glauconite (a
result of the neritic environment of deposition). As a result, the well log signature is
relatively uniform across sequence boundaries, save for a slight resistivity rise and
accompanying gamma depression. It can, at times, be impossible to distinguish
(Appendix 1d, 1i).
The Merchantville sequence at Bass River is measured as 210 ft (1473-1683 ft)
thick and represents the thickest section physically sampled on the New Jersey Coastal
Plain (well logs indicate thicker sections to the north). The basal Merchantville
Formation (1654-1683.2 ft) is composed largely of biortubated, shelly glauconite sands to
clayey glauconite sand and represents the TST of the Merchantville sequence. Thick
foraminiferal clay from 1654-1674.1 ft distinguishes the Merchantville formation from
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the overlying micaceous clays of the Woodbury Formation. Peak abundances of
foraminifers around 1660 ft may indicate the presence of a MFS (Miller et al., 2004).
A contact at 1654.0 ft at Bass River separates the basal Merchantville Formation
from the extremely thick lower Campanian Woodbury Formation, the middle unit of the
transgressive-regressive Merchantville sequence. The micaceous, fossiliferous,
bioturbated silty clays of the Woodbury Formation first appear at 1488 ft and extend
down-section to 1654 ft. The section is slightly sandy above 1574 ft and becomes finergrained below. It is recognized as the lower HST of the thick Merchantville sequence
(Miller et al., 2004; Miller, Sugarman, Browning, et al., 1998).
The lower Englishtown Formation (1472.6-1488 ft) at Bass River represents the
upper HST of the transgressive-regressive Merchantville sequence. A major sequence
boundary at 1472.6 ft separates the upper Englishtown Formation and sequence from the
lower Englishtown Formation of the Merchantville sequence. It is characterized by cross
bedded, clayey, lignitic, micaceous silty fine sand and the lower contact with the
Woodbury clay is placed at 1488 ft on the basis of thick micaceous clays (Miller,
Sugarman, Browning, et al., 1998).
The Merchantville sequence reaches a thickness of 153 ft (792.3-945.3 ft) at the
Ancora borehole. Clayey glauconite sands to glauconitic (40-60%) clays dominate the
lithology of the Merchantville Formation (904.4-945.3 ft) (Miller et al., 2004). A distinct
sequence boundary at 945.3 separates the Merchantville from the underlying
Cheesequake sequence. The section fines up-section to lightly colored, carbonate-rich
glauconite clays at the top of the Merchantville Formation to a contact with the
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Woodbury at 792.3 ft. This interval could represent the MFS of the MerchantvilleWoodbury-lower Englishtown sequence (Miller, Sugarman, Browning, et al., 1999).
A gradational contact separates the Woodbury from the Merchantville and is
represented by a gradual decrease in glauconite up-section and the onset of thick
micaceous clays. The Woodbury Formation consists of laminated to burrowed, lignitic,
slightly shelly, pyritic, very micaceous clay that increases in glauconite and sand towards
the contact with the underlying Merchantville Formation (Miller, Sugarman, Browning,
et al., 1999).
An indurated zone at 797.7 ft marks the contact of the Woodbury clay with the
very thin lower Englishtown Formation (792.3-797.6 ft) of the Merchantville sequence.
This unit is characterized by shelly, micaceous, glauconitic silty quartz sands that exhibits
a decrease in glauconite downsection. It unconformably underlies the upper Englishtown
Formation and represents the upper HST of the Merchantville transgressive-regressive
sequence (Miller, Sugarman, Browning, et al., 1999).
The Merchantville-Woodbury-lower Englishtown sequence reaches a thickness of
208.3 ft at the Sea Girt borehole (837.7-1046 ft). The Merchantville Formation
(interpreted as the TST of the sequence) is bounded by a lower sequence boundary with
the Cheesequake Formation at 1046 ft and a gradational contact at 837.7 ft with the
overlying Woodbury clay. The lower interval of the Merchantville Formation (979.91046.0 ft) consists of burrowed, slightly micaceous, fine to coarse-grained glauconitic
sand (979.9-1000.9 ft) that is underlain by an interval of laminated, micaceous,
glauconitic silty clay. The silty clay extends from 1000.9 ft to the lower sequence
boundary identified by a gamma ray peak at 1046 ft due to poor recovery. The lower unit
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is overlain by a medial package of burrowed, micaceous, slightly shelly silt with minor
glauconite that extends upwards to a facies shift at 962.15 ft. The overlying upper
Merchantville consists of slightly micaceous, quartzose glauconitic sand until the contact
with the Woodbury (Miller, Sugarman, Browning, et al., 2005).
The Woodbury Formation (891-943.5 ft) consists of the characteristic micaceous
silty clay that is found across the coastal plain and represents the lower HST of the
Merchantville sequence. At 904.5 ft is a sharp transition from heavily burrowed clays to
slightly siltier, laminated clays. From 930-940 ft the lithology becomes less micaceous
and a large increase in glauconite (to 50%) is visible until the basal Merchantville contact
at 943.5 ft (Miller, Sugarman, Browning, et al., 2005).
The overlying lower Englishtown Formation (837.6-891 ft) conformably overlies
the Woodbury clay. The upper section of the lower Englishtown to 841.8 ft is
characterized by a heavily bioturbated, slightly lignitic, slightly micaceous, silty, fine to
medium-grained quartz sand. The section becomes increasingly micaceous down to 862
ft where a sharp contact marks the transition to interlaminated, bioturbated, lignitic, very
micaceous (chloritic) very fine silty sand to sandy silt (862-869.5 ft). Below this interval
the lower Englishtown fines downwards to a slightly shelly, sandy, clayey, micaceous
silt. This lithology continues downsection to a gradational contact with the Woodbury
clay. The sands of the lower Englishtown are interpreted as the upper HST of the
Merchantville sequence (Miller, Sugarman, Browning, et al., 2005).
The Merchantville sequence is 159.4 ft (1086.85-1246.25 ft) thick at the Millville
corehole. The Merchantville Formation (1219.9-1246.85 ft) at Millville consists of very
heavily burrowed, very clayey, slightly micaceous and shelly glauconite sand with trace
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amounts of quartz (interpreted as the TST of the Merchantville sequence). Glauconite
sand increases downsection to 1238.2 ft where it fines to clayey glauconite sand. The
remainder of the section consists of muddy glauconite sands with mottled, clay filled
burrows and reddish clay laminae that continue to the lower sequence boundary with the
Cheesequake Formation (Sugarman, Miller, Browning, et al., 2005).
At Millville a gradational contact at 1219.9 ft distinguishes the underlying
Merchantville Formation from the thick lower-Campanian Woodbury Formation (11001219.9 ft). The upper Woodbury consists of very micaceous, burrowed, sandy silty clays
that fine down-section and become significantly less sandy. Organic matter, abundant
lignite and clay laminae are distributed throughout the Formation. The Woodbury
Formation becomes increasingly less-micaceous and glauconitic below 1210 ft until the
contact with the Merchantville at 1219.9 ft (Sugarman, Miller, Browning, et al., 2005).
The middle-Campanian lower Englishtown Formation represents the upper HST
of the Merchantville sequence and is separated from the overlying upper Englishtown
Formation by a major, spectacular unconformity at 1086.85 ft at Millville. Heavily
burrowed, slightly micaceous, silty fine to medium quartz sand becomes siltier and more
micaceous to 1092.6 ft. Below this the lower Englishtown becomes an indurated,
burrowed, shelly, dirty quartz sand with trace amounts of brown glauconite until a
gradational contact with the underlying Woodbury Formation at 1100 ft (Sugarman,
Miller, Browning, et al., 2005).
The Merchantville-Woodbury-lower Englishtown sequence is one of the thickest
observed throughout the depositional history of the New Jersey margin. Despite
variations in thickness of over 140 ft, the paleoenvironmental interpretation of the
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sequence is fairly consistent across the coastal plain. The clayey glauconite sands of the
Merchantville (TST) are considered to be largely middle to outer-neritic at Bass River,
Millville and Ancora (Miller et al., 2004; Sugarman, Miller, Browning, et al., 2005). The
Merchantville Formation at Sea Girt is interpreted as a shallowing upwards succession,
ranging from basal middle-neritic environment, to a medial prodelta-influenced innerneritic setting, to an upper prodelta/ lower shoreface environment (Miller, Sugarman,
Browning, et al., 2005). The Woodbury Formation (lower HST) is interpreted as inner to
middle-neritic with a strong prodelta influence at all four ODP boreholes (Miller et al.,
2004). The clean, cross bedded sands of the lower Englishtown Formation (upper HST)
were deposited in an inner-neritic environment at Bass River and Ancora (Miller et al.,
2004). At Millville, the lower Englishtown facies were deposited in a distal lower
shoreface environment with a deltaic influence (Sugarman, Miller, Browning, et al.,
2005). The lower Englishtown at Sea Girt shallows-upwards from prodelta to delta-front
to lower shoreface deposits (Miller, Sugarman, Browning, et al., 2005).
The gamma ray signature for the Merchantville-Woodbury-lower Englishtown
sequence is characterized by a very long interval (up to 270 ft thick) of high to very high
gamma values (Appendix 1a-1af). The lower contact is recognized by a slight upwards
shift representing the transition from the thin sands of the Cheesequake Formation to the
thick glauconite sands and clays of the Merchantville. Although the Merchantville is
signified by high gamma log values, a gradual increase can often be observed across the
gradational contact with the micaceous clays of the Woodbury formation (Appendix 1a1af). The elevated gamma signature is consistently high until a gradual drop-off at the
lower Englishtown. This thin interval of fine to medium sand is characterized by a
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gamma ray low and an accompanying resistivity increase (Appendix 1a-1af). The
location of the HST sands of the Merchantville III, II and I of Miller et al. (2004) is
visible by a small drop in gamma values and a coinciding slight increase in resistivity.
However, the imprint of these sands on the gamma ray log is often non-existent or too
difficult to pick with certainty.
The thick Merchantville-Woodbury-lower Englishtown sequence is characterized
by a substantial thickening downdip and to the east (Fig. 17). The difference in thickness
between updip Ancora (153 ft) and downdip Island Beach (335) (292.9 ft) bears
testament to the massive thickening of the Merchantville sequence. The updip wells
range in thickness from 129.9 ft at Freehold (860) in the north to 151-154 ft to the south
in the Ancora, Williamstown and Pittman West well set. It appears as if additional
thinning occurs on the downdip southern coastal plain. Millville records a thickness of
159.4 feet while nearby Dorothy (034) only records a thickness of 114.9 ft (the thinnest
section of Merchantville sequence observed on the coastal plain). This could indicate the
continued influence of the underlying basement fabric (South Jersey High) on sequence
deposition. The Merchantville-Woodbury-lower Englishtown sequence reaches its
thickest observed section of 292.9 ft at the Island Beach well (335) (Fig. 17). A transect
from Chatsworth (002) to Island Beach (335) exhibits this regional seaward thickening
(Appendix 2c). The slightly updip Bass River (210 ft), Warren Grove (404) (264 ft), and
Woodmansie (596) (215.6 ft) wells all record values in excess of 210 ft, indicating the
exceptionally thick Island Beach value is not the result of incorrect correlation. A narrow
thinning of the Merchantville sequence observed at Seaside Heights (820) (184.7 ft) and
Lavallette (602) (186.5 ft) separate the Island Beach depocenter from a slightly smaller
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one centered at the South Mantoloking (479) well (observed thickness of 270 ft).
Thickness values between 200-240 ft characterize much of the northern New Jersey
Coastal Plain.

10. Upper Englishtown Sequence
A relatively thin middle Campanian upper Englishtown sequence was identified
in core at Ancora, Bass River and Millville while a much thicker section was observed at
Sea Girt. The sequence is coincident with the upper Englishtown Formation, first
described as a lignitic, glauconitic, cross bedded delta-front sand (Owens and Sohl, 1969;
Owens et al., 1998) that was later distinguished from the underlying lower Englishtown
Formation by Owens et al. (1998) (Miller et al., 2004). The sandy upper Englishtown is
bracketed by distinct unconformities with the Marshalltown Formation at its top and the
lower Englishtown at its base. For this reason it has been identified as a self-contained
transgressive-regressive sequence, whereas the lower Englishtown has been interpreted as
the upper HST of the thick Merchantville-Woodbury-lower Englishtown sequence. The
upper Englishtown sequence was initially mapped as Ks3 of Gohn (1992) and the Kwc2
cycle of Owens et al. (1998). It is one of Monmouth and northern Ocean counties’ most
vital aquifers due to its thick sands to the north.
The upper Englishtown sequence is 32 ft (1441-1473 ft) thick at the Bass River
borehole. Above a basal sequence boundary with the lower Englishtown Formation (1473
ft) is an interval of shelly glauconite sand with overlying heavily burrowed glauconitic
clays that extend up-section to an MFS at 1467.4 ft. The sediments below this are
interpreted as a thin TST. An interval of fossiliferous clays with interspersed glauconite
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sands overlies the TST and grades to a section of sandy, clayey silts and silty clays that
extends from 1459-1469 ft (lower HST). Glauconite and clay content decrease up-section
to an interval of uppermost Englishtown very micaceous, slightly glauconitic,
bioturbated, shelly, fine sand (upper HST) (Miller et al., 2004; Miller, Sugarman,
Browning, et al., 1998).
A 34.9 ft shallowing and coarsening-upward section (757.4-792.3 ft) of the upper
Englishtown sequence was recovered at the Ancora corehole. The lower sequence
boundary at 792.3 ft is overlain by an interval (789.5-792.3 ft) of glauconitic, silty clay
(TST) that is capped by an MFS. Above this there is a dramatic shift in lithology to
laminated, shelly, slightly sandy, slightly micaceous, prodelta silts (lower HST). The silts
are very micaceous and lignitic from 780-788.3 ft and grade up-section to a capping unit
of unconsolidated, poorly sorted, lignitic, fine to medium quartz sand with reworked
glauconite sand (upper HST) that terminates at a sequence boundary with the
Marshalltown Formation at 757.4 ft (Miller et al., 2004; Miller, Sugarman, Browning, et
al., 1999).
A very thick upper Englishtown section of 150.5 ft (687.2-837.6 ft) was recovered
from the Sea Girt borehole. Indurated shelly sand above 837.6 ft is interpreted as the
sequence boundary with the lower Englishtown Formation. The overlying interval from
829.7-837.5 ft is characterized by glauconitic, slightly shelly, burrowed, silty quartz sand.
This thin glauconitic sand is overlain by a very thick interval (757-829.7 ft) of laminated
to occasionally bioturbated, slightly micaceous, slightly glauconitic, silty clays. An
interval of burrowed, shelly glauconitic clay from 780.05-784.8 ft could represent a
condensed section and possible MFS (Miller, Sugarman, Browning, et al., 2005).
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The contact between the medial Englishtown silts and the overlying upper sands
was not recovered in core, but is placed at 757 ft on the basis of a significant gamma
shift. Above this contact is an interval of organic-rich, clayey, lignitic sand that extends
from (731-750 ft). This is overlain by interbedded, slightly silty to clayey, lignitic, fine to
medium sands that continue up-section to 710 ft. A micaceous, fine- to medium-grained
sand with laminae of lignite and clayey silt extends upwards to an upper lag deposit that
underlies the sequence boundary with the Marshalltown Formation at 687.2 ft. These
sands are interpreted as the upper HST of the upper Englishtown sequence (Miller,
Sugarman, Browning, et al., 2005).
A comparatively thin 27.35 ft (1059.5-1086.85 ft) upper Englishtown sequence is
observed in the southern coastal plain at Millville. Slightly micaceous, slightly
glauconitic, silty sands overly a sequence boundary at 1086.85 and extend up-section to
1077.5 ft. This unit is overlain by an upper interval of heavily burrowed, shelly, very fine
to fine-grained quartz sand that terminates at an unconformity with the Marshalltown
Formation at 1059.5 (Sugarman, Miller, Browning, et al., 2005).
The upper Englishtown sequence observed in ODP core is a coarsening and
shallowing-upwards environmental succession. The basal silty clay of Ancora was
deposited in inner to middle-neritic paleodepths. This is overlain by prodelta micaceous,
laminated silts and capped by fine to medium quartz sands deposited in a nearshore
depositional environment (Miller et al., 2004). The upper Englishtown sequence at Bass
River consist of middle-neritic glauconitic clays at its base that are overlain by silty clays
and clayey silts deposited in a prodelta setting. The upper sand facies were deposited in a
delta-front environment (Miller et al., 2004). The sequence at Sea Girt is represented by
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the shallowing-upwards transition from a basal distal prodelta environment to upper,
thick, medium-grained quartz sands deposited in a delta-front environment (Miller,
Sugarman, Browning, et al., 2005). The shallowing-upwards succession at Millville is
represented by a shift from prodelta to distal lower shoreface to lower shoreface
environments (Sugarman, Miller, Browning, et al., 2005).
The well log signature of the upper Englishtown sequence varies significantly
from the thick, coarse-grained sections observed in the northern coastal plain to the much
thinner, slightly finer-grained sections observed in the south. In the northern coastal plain
the upper Englishtown is easily discernable based on its “box car” appearance in gamma
logs (Owens et al., 1998) (Appendix 1ae). The thick sands of the sequence are
represented by gamma lows that experience sharp, near-instantaneous ascents to the
bordering fine-grained units. The upper Englishtown in the north is also identifiable by
very high resistivity values due to its status as an important aquifer. The sequence is not
as pronounced to the south, as thinning and the influence of finer-grained sediment
obscures the “box car” pattern seen to the north. In the southern coastal plain the sands
are not as pronounced, the gamma transition to the finer-grained silts and clays of the
Marshalltown and lower Englishtown is gentler in nature, and the resistivity values
appear somewhat muted (Appendix 1af). However, the presence of the upper sand (and
corresponding gamma lows and resistivity peaks) allows for correlation across the entire
coastal plain regardless of localized differences.
The upper Englishtown Formation does not adhere to the trend of downdip
thickening observed by many of the previously discussed Cenomanian-lower Campanian
sequences. The upper Englishtown is characterized by a major thickening towards the
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northern coastal plain. This regional trend is best illustrated by isopach map (Fig. 18) and
a strike-parallel transect from Millville to Asbury Park (815) (Appendix 2a). The thinnest
section of the sequence is located towards the southern limit of the coastal plain mapped
in this study. Millville (27.35 ft), Dorothy (034) (26.4 ft) and Buena (546) (44.4 ft) all
exhibit very thin sections of the upper Englishtown. This exceptionally thin interval
extends as far north as Bass River (32 ft) and Ancora (34.9 ft), although a wedge of
thicker upper Englishtown (~60-80 ft) extends west-southwest of Ancora (visible at the
Williamstown and Pittman West wells).
The upper Englishtown reaches its thickest section to the northwest of the New
Jersey Coastal Plain. Coastal wells from Sea Girt, Asbury Park (815), Seaside Park (664),
Lavallette (602), and Seaside Heights (820) exhibit thickness values from 150-170 ft. The
upper Englishtown thins slightly and gradually updip and inland as evidenced by
thickness values of ~110-120 ft around the Toms River Cluster of wells. This thick, welldeveloped section of the upper Englishtown sequence in the north hints at a major deltaic
onshore depocenter during this middle Campanian.

11. Marshalltown Sequence
A thick late Campanian to earliest Maastrichtian sequence spans the
Marshalltown-Wenonah-Mount Laurel Formations of the Upper Cretaceous strata of the
New Jersey Coastal Plain. In outcrop and core it consists of a coarsening-upwards
succession of basal glauconite sand (Marshalltown Fm.), medial silty clay (Wenonah
Fm.) and upper fine to coarse quartz sand (Mount Laurel Fm.), although the thickness
and lithology of these units varies significantly across the coastal plain. The
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Marshalltown-Wenonah-Mount Laurel sequence was initially recognized as depositional
sequence 5 of Owens and Gohn (1985) and the KC2 sequence of Olsson (1991). Srisotope stratigraphy has dated the sequence as late Campanian (Sugarman et al., 1995),
although earlier assignments classified the sequence as late Campanian to earliest
Maastrichtian (Olsson, 1991).
The Marshalltown-Wenonah-Mount Laurel sequence reaches a thickness of 146 ft
(1295-1441 ft) at the Bass River corehole. A thin section of the Marshalltown Formation
(1429-1441 ft) overlies a distinct sequence boundary with the upper Englishtown
Formation. This interval consists of fossiliferous clayey, shelly, glauconite sands to
glauconitic clays that peak in foraminiferal abundance at 1430 ft, representing an MFS.
The Marshalltown grades up-section to the fossiliferous, slightly glauconitic (decreases
gradually up-section), micaceous silts of the Wenonah Formation (1391-1429 ft). A
gradational contact at 1391 ft separates the micaceous silts from the coarser Mount
Laurel Formation. Clay, silt and glauconite diminish up-section to 1309 ft where
burrowed, shelly, clean medium to coarse quartz sands characterize the upper Mount
Laurel. A major sequence boundary with the Navesink Formation occurs at 1294.5 ft and
is characterized by a thick (~1 ft) contact zone of reworked sediment, phosphoric pellets
and siderite (Miller et al., 2004; Miller, Sugarman, Browning, et al., 1998).
The Marshalltown-Wenonah-Mount Laurel sequence at Ancora is 106.1 ft thick
(651.3-757.4 ft). The Marshalltown Formation (742.0-757.2 ft) unconformably overlies
the upper Englishtown formation and a sequence boundary at 757.4 ft marks the
transition from medium sands below to a shelly, micaceous, glauconitic clay above. A
sharp facies change from glauconitic clays below to glauconitic sands above is

67

interpreted as a transgressive surface (TS) and may represent one of very few lowstand
(LST) deposits observed on the coastal plain (Miller et al., 2004). The burrowed, clayey
glauconite sands of the Marshalltown Formation continue up-section to gray, micaceous
glauconitic clays that represent a gradational contact with the overlying Wenonah
Formation at 651.3 ft. A peak in carbonate material at 746 ft may be the MFS of the
Marshalltown-Wenonah-Mount Laurel sequence. The Wenonah Formation (718-742 ft)
is characterized by slightly glauconitic, micaceous, lignitic, clayey silty sand to sandy
clayey silts (Miller, Sugarman, Browning, et al., 1999). A gradational contact separates
the Wenonah from the Mount Laurel Formation (651.3-718.0 ft). The Mount Laurel
coarsens up-section from basal glauconitic, silty fine sand to slightly clayey, glauconitic
(~20 %) medium quartz sand. A major unconformity characterized by a reworked zone,
phosphate pebbles and a large gamma ray spike is placed at 651.3 ft (Miller et al., 2004;
Miller, Sugarman, Browning, et al., 1999).
At Sea Girt, a 122.2 ft (565-687.2 ft) section of the Marshalltown-WenonahMount Laurel sequence was recovered. The Marshalltown Formation is rather thin at Sea
Girt, extending from 675.6-687.2 ft. It consists of very glauconitic (~30%), slightly
quartzose, massive to heavily burrowed silt and lesser glauconite sand (Miller, Sugarman,
Browning, et al., 2005). An extremely clayey glauconite-rich interval at 676 ft represents
the MFS of the Marshalltown sequence. A decrease in glauconite and increase in the size
of mica marks the Mashalltown-Wenonah contact at 675.7 ft. The Wenonah Formation
(621-675.7 ft) consists of micaceous, lignitic, sandy clayey silt with fine sand laminations
that becomes increasingly clayey, laminated and glauconitic down-section. A gradational
contact at 621 ft separates the micaceous clays and silts of the Wenonah from a unit of
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fine to medium quartz sand with clay laminae that characterizes the lower Mount Laurel
Formation (565.1-621 ft). The sandy interval (605.1-621 ft) is overlain by an interval of
silty, micaceous, bioturbated fine sand (590-605.1 ft) that coarsens upwards to mediumto coarse-grained muddy coarse sand from 565.2-585.2 ft. A major disconformity at
565.1 ft is interpreted as the sequence boundary between the Navesink and Mount Laurel
Formations. A reworked zone, rip-up clasts, large oyster shells, phosphate pebbles and a
large gamma ray spike characterize the contact zone (Miller, Sugarman, Browning, et al.,
2005).
The Marshalltown sequence at the Millville corehole is recorded as a very thin
section of 26.6 ft (1032.9-1059.5 ft). A thin basal unit of Marshalltown from 1049.71059.5 ft consists of slightly shelly, very clayey, silty, fine to very fine glauconite sand.
The quartz content increases up-section and the glauconite content becomes higher
towards the base of the section. The overlying Wenonah and Mount Laurel Formations
are loosely identified to due the presence of finer-grained facies at Millville. This is likely
a result of a less deltaically influenced system in to the south than the northern coastal
plain (Sugarman, Miller, Browning, et al., 2005). A gamma ray peak, extensive
burrowing, concretions and phosphate pebbles characterize a major unconformity with
the Navesink greensands at 1032.9 ft. The underlying Mount Laurel-Wenonah
equivalents consist of shelly, clayey glauconite sand (upsection) that becomes clayier and
more glauconitic downsection (Sugarman, Miller, Browning, et al., 2005).
The Marshalltown-Wenonah-Mount Laurel sequence of the New Jersey Coastal
Plain generally expresses relatively deep-water marine facies. Benthic foraminiferal
analysis from Ancora and Bass River indicates the Marshalltown-Wenonah Formation
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were deposited in middle neritic environments, while the Mount Laurel Formation was
deposited in an inner to middle neritic environment (Miller et al., 2004). The lessglauconitic Marshalltown sequence at Sea Girt presents a much different
paleoenvironmental interpretation. Lithologic analysis determined the Marshalltown
Formation was deposited in middle to outer neritic paleodepths. The overlying Wenonah
Formation shallows upsection from offshore-delta to deltaically influenced lower
shoreface deposits. The upper HST Mount Laurel sands are interpreted as lower
shoreface in origin (Miller, Sugarman, Browning, et al., 2005). The downdip, downstrike
Marshalltown sequence at the Millville corehole was interpreted as almost exclusively
middle to outer neritic in origin. This deep-marine environment is likely the result of the
absence of any significant deltaic influence (Sugarman, Miller, Browning, et al., 2005).
The Marshalltown-Wenonah-Mount Laurel sequence has one of the most easily
distinguishable well log signatures of any Upper Cretaceous sequence in the coastal
plain. The Navesink/Mount Laurel sequence boundary is represented by the highest
gamma ray values recorded on the New Jersey Coastal Plain, making it relatively simple
to identify (Appendix 1a-1af). Immediately below this are medium to coarse sands of the
Mount Laurel Formation that are characterized by low gamma ray values and a
significant resistivity increase. A gradual, gentle increase in gamma ray values represents
the gradational change from the Mount Laurel sands to the underlying finer-grained
lithologies of the Wenonah and Marshalltown Formations. The Marshalltown-upper
Englishtown sequence boundary is very obvious, as it is represented by a sudden decrease
in gamma log values across the transition from the glauconite clays and sands above to
the underlying upper quartz sand (Appendix 1a-1af).
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The thickening of Marshalltown sequence can be described as downdip and
seaward, although extremely thin intervals of the sequence are observed across the
southern coastal plain (Fig. 19). The Marshalltown has two primary depocenters that
appear to be segmented by an intermediate “peninsula” of thin values. This finger of thin
Marshalltown (~ 70-90 ft thick) extends downdip across the coastal plain from the
Browns Mills (598) well to the Warren Grove (404) well (Fig. 19). This thin interval of
the sequence in bordered to the north and south by twin depocenters. The MarshalltownWenonah-Mount Laurel sequence reaches its greatest observed thickness of 155.4 ft at
Lavallette (602) in the center of its northern depocenter. Nearby wells Seaside Park (664)
and Seaside Heights (820) record similar values of 148 and 143 ft, respectively. This
thick interval of the Marshalltown sequence extends far inland, gently thinning to 120.4 ft
at Long Branch (855) in the north and 123.2 ft at Lakehurst (603) to the west. South of
the “finger” of thin Marshalltown sequence, a second smaller depocenter can be
identified at Bass River (146 ft thick). This thick interval gradually thins updip to 106.1 ft
at Ancora. The sequence thins dramatically and rapidly to the south, thinning to 26.6 ft at
Millville, less than 30 km (~18 miles) to the southwest of the depocenter at Bass River.
This exceptionally thin section is interpreted as the contrast between a deltaically
dominated northern coastal plain and a marine, non-deltaic environment to the south.

12. Navesink Sequence
The uppermost Cretaceous sequence observed in the New Jersey Coastal Plain is
identified as the Maastrichtian to lowermost Danian Navesink sequence. The Navesink
Formation consists primarily of carbonate-rich, fossiliferous, glauconite clays and
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glauconite sands (Miller et al., 2004). A distinct basal unconformity (with the Mount
Laurel Formation throughout New Jersey) is recognized across the Atlantic coastal plain
as the base of depositional sequence 6 of Owens and Gohn (1985). Deposition of the
Navesink glauconitic greensands and clays was continuous across the CretaceousTertiary boundary. Spherule layers in core and an abnormally high gamma ray peak in
well logs represent the K/T event. A possible second Navesink sequence (Navesink II)
was tentatively identified on the basis of extremely low sedimentation rates during the
Maastrichtian (< 0.3 cm/k.y.) and the presence of an apparent sequence boundary in the
middle of the Navesink Formation. One Navesink sequence was correlated in this study
due to the obscurity of the Navesink II/I sequence boundary in well log analysis. The
glauconite rich sediments of the Navesink generate consistently high gamma values
across the sequence boundaries and the proximity of two very large gamma spikes (K/T
event and the Navesink/Mount Laurel unconformity) makes regional identification of the
sequence boundary very difficult.
A 36 ft (1259-1295 ft) section of the Navesink sequence was recovered at Bass
River. A spectacular unconformity at 1295 ft marks the contact with the underlying
Mount Laurel Formation. A 1 ft thick reworked zone, extensive burrowing, phosphorite
pellets and a major gamma ray peak characterize this major sequence boundary. The
overlying Navesink Formation consists of fossiliferous, bioturbated glauconitic clays to
clayey glauconite sands that become carbonate-rich from 1281.5-1288 ft. These marls
could represent a condensed section and a gamma ray kick at the base could correspond
to the MFS of the Navesink sequence (Miller et al., 2004). The shelly clay of New Egypt
Formation lies on top of the Navesink and extends to a sequence boundary with the
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overlying Paleocene Hornerstown Formation at 1259 ft (Miller et al., 2004; Miller,
Sugarman, Browning, et al., 1998).
The Navesink sequence at Ancora is measured as 38.8 ft thick (612.5-651.3 ft)
and is underlain by a major unconformity with the Mount Laurel Formation. A pointed
gamma ray peak, phosphorite pebbles and a reworked zone with rip-up clasts characterize
this unconformity in core. Above the sequence boundary are the clayey glauconite sands
to glauconitic clays of the Navesink Formation. Massive, slightly micaceous, shelly,
clayey, burrowed glauconitic sand to massive glauconitic clay pervades the formation
from 618.3-646.0 ft. The section below 647 ft becomes foraminiferal glauconitic clay and
represents the MFS of the Navesink sequence. Quartz sand increases in quantity downsection below 646.0 ft. The Cretaceous-Tertiary boundary is placed near the top of the
Navesink sequence (618.5 ft) on the basis of a spherule layer, clay clasts, extensive
bioturbation and a pronounced gamma log peak (Miller et al., 2004; Miller, Sugarman,
Browning, et al., 1999).
The corehole at Sea Girt recovered a thick 75 ft (490-565 ft) section of the
Navesink sequence. It is separated from the Mount Laurel Formation by a distinct
unconformity that exhibits a reworked heterolithic zone. Phosphate layers, large oyster
shells and a large gamma peak on well log data attest to the presence of the major
sequence boundary. The interval from 535-565 ft consists of burrowed silty glauconite
sand with interbedded light gray silty clay. Carbonate increases in this interval to a
maximum at 555 ft that may represent an MFS. This section is overlain by clayey, silty
glauconite sand that extends up-section to 514 ft. A concentrated interval of black
glauconite and quartz sand from 532-535 may represent the Navesink II/I sequence
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boundary. The uppermost of the Navesink Formation (490-514 ft) consists of black, silty
glauconite sand (50-70%). The typically overlying Red Bank Formation is absent,
making differentiation between the clayey glauconite sand of the Navesink and the
glauconite sand of the unconformably overlying Paleocene Hornerstown formation quite
difficult (Miller, Sugarman, Browning, et al., 2005). The K/T boundary is tentatively
placed at 509.65 ft on the basis of a friable sand unit with fragments of Cretaceous chalk
and glauconite. This may be equivalent to the clast unit overlying the K/T in the Bass
River borehole (Olsson et al., 1997).
At Millville, the Navesink sequence is measured as 44.8 ft thick (988.1-1032.9 ft).
The characteristic glauconite sands of the Navesink are underlain by a major sequence
boundary at 1032 ft. A pronounced gamma ray peak corresponds to the phosphorite lag
deposits in the uppermost Mount Laurel Formation. The Navesink Formation at Millville
consists of very carbonate-rich, foraminiferal, burrowed, glauconitic clay to glauconitic
sand. The slightly silty clay of the New Egypt Formation sits atop the Navesink and
terminates at a sequence boundary at 988.1 ft. The exact location of the K/T boundary is
uncertain, although it has been tentatively placed at 983.05 ft (Sugarman, Miller,
Browning, et al., 2005).
The Navesink sequence of the New Jersey Coastal Plain generally represents
deep-marine shelfal facies. The depositional environment of the Navesink at Ancora and
Bass River is middle-neritic and the Navesink section at Millville is middle to outerneritic in origin (Miller et al., 2004; Sugarman, Miller, Browning, et al., 2005). At Sea
Girt, a slight shallowing-upwards shift from middle to outer-neritic environments to a
possible lower shoreface setting is observed (Miller, Sugarman, Browning, et al., 2005).
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The generally accepted depositional environment for the Navesink is middle to outerneritic.
A large gamma ray spike marks the lower sequence boundary of the Navesink
Formation. This is due to the sequence boundary and presence of concentrated
phosphorite pellets in the reworked uppermost Mount Laurel Formation. The
identification of this peak is relatively easy and allows for accurate correlation of the base
Navesink across the coastal (Appendix 1a-1af). The upper boundary is slightly more
difficult to identify. It is generally placed in the slight gamma low that occurs
immediately above the K/T boundary spike. The magnitude and position of the K/T peak,
sometimes complicated by reworking and bioturbation, can affect the accuracy of the
upper Navesink sequence boundary in well log analysis. The division of the Navesink
Formation into two separate sequences is very difficult due to the consistently high
gamma values induced by the high concentration of glauconite and clay. For this reason,
one Navesink sequence was correlated across the coastal plain.
Thickness variations of the Navesink sequence appear largely unrelated to dip.
The sequence experiences a regional thickening towards the northern coastal plain,
reaching its thickest observed section of 86 ft and 84.3 ft at the northernmost wells of the
study area, Freehold (860) and Long Branch (855), respectively (Fig. 20). An east-west
trending band of thin Navesink (~30-40 ft) in the south-central coastal plain divides the
similarly thick (~45-60 ft) southern and central coastal plain deposits. The wells around
Millville range from 44.8-63.0 ft in thickness while the central coastal plain well of
Chatsworth (002) is measured at 59.8 ft thick. The cause of this intervening “low” is
currently unknown, but it may indicate the presence of a major northern depocenter and a
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less-significant southern depocenter. This could be related to dual sediment sources (the
paleo-Delaware in the south versus the paleo-Hudson in the north). A Northeast trending,
strike-parallel transect from Millville to Asbury Park (815) illustrates the general
thickness trend of the Navesink in the subsurface New Jersey Coastal Plain (Appendix
2a).
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IV. Discussion
A. Depositional Models
The Upper Cretaceous facies of the New Jersey Coastal Plain are superimposed
on recurring transgressive-regressive sequences. These sequences are primarily
deltaically influenced marine-shelf facies with transgressive glauconite clays and sands
overlain by prodelta silts and delta front to non-marine sands (Owens and Sohl, 1969;
Miller et al., 2004). Facies models can provide valuable analogs in understanding the
sedimentary processes that act during sequence deposition. Conversely, careful analysis
of sedimentary facies observed in outcrop and core (e.g., Sea Girt corehole) can refine
our understanding of existing depositional models.
Offshore and marine facies models are well defined for the Upper Cretaceous
sequences of the New Jersey margin (Fig. 34) (Miller et al., 2004; 1998). The modern
Niger delta and its mixed wave and tide dominated shelfal facies is a good analog for the
dominant lithofacies (Allen, 1970). Biostratigraphic analysis of benthic foraminifera can
establish paleodepths allowing for accurate paleoenvironmental placement (Miller et al.,
2004). Middle to outer-neritic environments (60-200 m paleodepths) are represented by
glauconite sand and clay. These facies compose the basal TST packages observed across
the coastal plain at intervals throughout the Bass River, Cheesequake, Merchantville,
Marshalltown and Navesink Formations. These basal glauconite sands are overlain by
prodelta facies (20-60 m paleodepths) that consist of micaceous clays and silts and
represent lower HST deposits. These classic prodelta facies are clearly visible in the
Woodbury Formation and other intervals throughout the Bass River, upper Englishtown
and Wenonah Formations, among others. Upper HST delta-front to nearshore facies (0-
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20 m paleodepths) cap the sequences and consist of fine to coarse quartz sand. These
coarse intervals cap the Bass River I-III, Merchantville and Marshalltown sequences.
Although the modern Niger delta is useful in defining the facies distribution of the marine
Upper Cretaceous sequences, several marginal to non-marine sequences (upper
Englishtown, Magothy IVB-I) necessitate different depositional models.
The upper Englishtown sequence varies from predominantly middle-inner neritic
deltaically influenced deposits in the southern coastal plain to medium to coarse delta
front to fluvial sands in the northern coastal plain (Miller, Sugarman, Browning, et al.,
2005). The mechanism behind the deposition of thick Upper Englishtown sands in the
northern coastal plain is unclear. A wave dominated, destructive delta could explain the
observed facies by reworking of large amounts of delta front and fluvial sand via
nearshore marine processes into the thick observed sections. A wave-dominated deltaic
facies model such as the Rhone delta (e.g., Bhattacharya and Walker, 1991; Fisher et al.,
1969, Elliot, 1986) could explain the thick sands in the northern coastal plain, account for
the neritic facies to the south, and represent an appropriate analog (Van Andel, 1967).
Drilling at Sea Girt penetrated a very thick section of the Magothy Formation and
its constituent members. The extensive section allowed for the identification of two
previously unknown Magothy subsurface sequences (IV A and B) that are probably
equivalent to the Morgan and Cliffwoods Beds members in outcrop (Petters, 1976). The
well-recovered core also allowed for accurate subdivision of members previously visible
only in outcrop, facilitating well log correlation of the Magothy members (Cliffwood
Beds, Morgan Beds, Amboy Stoneware Clay, Old Bridge Sand, South Amboy Fire Clay,
and Sayreville sand members) across the northern coastal plain (Fig. 33).
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The members of the Magothy Formation represent a diverse set of non-marine to
marginal marine depositional environments (Fig. 33). Delta front, lower delta plain,
estuarine, bay/lagoon, channel, proximal and distal levee, proximal upper shoreface and
terrestrial paleosol deposits are all represented in the highly variable facies of the
Magothy Formation. Magothy deposition likely occurred in a wave dominated deltaic
setting, very similar to the modern Rhone delta (Fig. 35) (Elliot, 1986; Bhattacharya and
Walker, 1991). The extensive delta plain of the Rhone provides an excellent analog for
the variability observed across the Magothy facies. The channel, levee, delta plain
paleosols and lagoonal/swamp deposits are consistent with this interpretation. The thick
sands (also important aquifers) represent channel, estuarine, and reworked delta front
deposits. A majority of the Magothy sequences can be ascribed to this model. However,
the Magothy II sequence exhibits thick fluvial sands to the north and thick nearshore
sands to the southeast. This could represent a primarily fluvio-deltaic influence to the
north versus a marginal-marine, less deltaically influenced system to the southeast with
possible reworked shoreface sands.

B. Migration of Depocenters and Role of Sediment Sources
Deposition of the Upper Cretaceous sequences (Cenomanian-Maastrichtian) of
the New Jersey Margin was controlled by variations in sediment supply, eustatic change
and subsidence (thermoflexural subsidence and tectonics). Isopach mapping of these
sequences, using core data complimented by well logs, allowed for the identification of
onshore depocenters (regional v. local), apparent sediment sources (northern v. southern
source), position of key deltas, and the relative location of the paleo-shoreline. These
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maps provide “slices in time” that reveal the paleogeographic distribution of sequences
and sedimentary facies. These maps also permit correlation to the offshore depocenters of
Poag and Sevon (1989), allowing for a unique comparison of coastal plain versus shelf
depocenters. It also allows the identification of the controlling mechanisms, such as the
roles of the paleo-Hudson and paleo-Delaware Rivers on deposition.
The Cenomanian-lower Turonian Bass River sequences (III-I) exhibit downdip,
seaward thickening across the coastal plain (Fig. 29), although several localized
depocenters (i.e. Toms River) are visible in the Bass River II sequence (Fig. 9). This
seaward thickening is best illustrated by the Bass River III sequence that increases to over
270 ft at the Island Beach (335) well (Fig. 10). This trend indicates the presence of a
major offshore depocenter during this period. Comparison of the onshore CenomanianTuronian isopachs and the offshore depocenters of Poag and Sevon (1989) reveal
remarkable similarities. A major depocenter is identified offshore the coast of central
New Jersey. The western limit of the offshore depocenter is located several kilometers
east of the thickest onshore interval at Island Beach (335) (Fig. 35). The CenomanianTuronian section thickens from 300 ft just offshore to greater than 600 ft roughly 100 km
to the east (Poag and Sevon, 1989). The onshore and offshore depocenters for the
prodelta to outer neritic Bass River sequences appear very consistent as the observed
seaward thickening observed on the coastal plain is continued progressively offshore.
Poag and Sevon (1989) inferred twin primary depositional sources for
Cenomanian-Turonian deposition. The paleo-Delaware and paleo-Hudson were key
players during this period, although it appears the paleo-Delaware had the greatest impact
on coastal plain sedimentation from the thick Bass River section (Figs. 20, 28). The
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thickest onshore interval is consistent with the location of the paleo-Delaware in the
reconstruction of Poag and Sevon (1989) (Fig. 36). The paleo-Hudson appears to feed the
offshore depocenter. This would be consistent with the lack of onshore thickening in the
northern coastal plain.
The lower Turonian-Coniacian Magothy sequences were deposited by a major
delta that deposited thicker sections (upwards of 300 ft) on the northern onshore coastal
plain (Fig. 30). The Magothy sequences thin significantly to the south, perhaps indicating
thinning onto the South Jersey High or significant distance from key northern sources of
sediment. Although Magothy deposition spans two isopach maps (Cenomanian-Turonian
and Coniacian-Santonian) of Poag and Sevon (1989), insights can still be gained as to the
relationships between onshore and offshore deposition and the migration of primary
depocenters. The lower Magothy sequences (I and II) experience some seaward, downdip
thickening, although the Magothy II thickens to the north and has a secondary depocenter
towards the western limit of the study area (Fig. 12). The Magothy I and II exhibit similar
thickening towards the previously discussed offshore Cenomanian-Turonian depocenter
of Poag and Sevon (1989) (Fig. 36).
The Coniacian-Santonian offshore depocenter of Poag experiences a significant
northwest shift towards the Long Island Platform (Figs. 30, 36). Sections in excess of
1200 ft extend east-west for several hundred-kilometers parallel to the Long Island-New
England coast. Poag and Sevon (1989) infer thickness values of 100-200 ft for the
onshore Coniacian-Santonian section that gradually thickens offshore. The Magothy III,
IV A and IV B sequences reflect this northwards shift in regional depocenters, exhibit
compatible values, and correlate well with the observed offshore thickening trend (Fig.
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28). However, the onshore Magothy depocenters of the northern coastal plain appear
relatively insignificant compared to the extremely thick offshore shelf sections.
The Santonian Cheesequake Formation thickens downdip towards the Bass River
borehole on the coastal plain. However, it reaches a maximum observed thickness of 26
ft, making it of ephemeral importance in the context of regional depocenters (Fig. 16).
Poag and Sevon (1989) infer an ancient Eastern Massachusetts River as the
primary source for Coniacian-Santonian shelf deposition. To the south the paleo-Hudson
and to a lesser extent the paleo-Delaware appear to have played significant roles in the
development of significant onshore and offshore depocenters of the New Jersey Margin
(Fig. 36). The paleo-Hudson River is interpreted as feeding a wave-dominated delta
(similar to the modern Rhone) (Miller et al., 2004) that deposited a very thick Magothy
section across the northern coastal plain. Its influence can be observed in each of the
Magothy sequences, most notably the Magothy IV A and B that pinch out towards the
southern coastal plain (Fig. 27). The paleo-Delaware played a supporting role in central
coastal plain deposition as the Magothy II and Cheesequake sequences exhibit some
degree of localized thickening towards the south (Fig. 12; Fig. 16). The location of the
central New Jersey depocenters implicates a northern course for the paleo-Delaware as
opposed to its modern path to the south. Although the paleo-Delaware played an active
role in Coniacian-Santonian deposition, deltaic influence on the southern coastal plain is
interpreted as very weak. This could indicate a lower sediment load in the paleoDelaware relative to the paleo-Hudson, the source for the thick deltaic facies of the
northern coastal plain.
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The Campanian Merchantville, Englishtown, and Marshalltown sequences
experience significant thickening towards the northeastern coastal plain, reaching a
cumulative thickness of close to 600 ft (Fig. 31). This trend is also visible when each
sequence in viewed individually, although deposition seems to shift from the central to
northern coastal plain through time. These onshore depocenters correlate well with the
Campanian offshore isopach map of Poag and Sevon (1989) (Fig. 37). Although the
primary depocenter for the margin is located several hundred-kilometers east of the
coastal plain, the maps indicate the presence of a thick Campanian section just offshore to
the north of the coastal plain (Fig. 37). The offshore section gradually thickens to 900 ft
roughly 200 km east of the northern coastal plain (Poag and Sevon, 1989).
Poag and Sevon (1989) interpret the paleo-Delaware and Hudson Rivers as major
contributors to Campanian deposition of the New Jersey Coastal Plain. Although each
river likely played a role in the distribution of coastal plain sediments, the exact impact of
each is unknown. Poag and Sevon locate the paleo-Hudson to the north of the coastal
plain and place the paleo-Delaware at mid-coastal plain during the Cenomanian (Fig. 37).
If this interpretation is correct, the paleo-Delaware was the primary source of the large
Merchantville delta as evidenced by a major depocenter at Island Beach (335) (Fig. 17).
The paleo-Hudson may have contributed to a secondary Merchantville depocenter
situated on the northern coastal plain. The upper Englishtown sequence is very thick to
the north, implicating a southwards shift of the paleo-Hudson or a northwards shift of the
paleo-Delaware (Fig. 18). Northern and central depocenters of the Marshalltown
sequence could indicate a dual-source system across the coastal plain (Fig. 19)
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The thin and sediment starved Maastrichtian Navesink sequence exhibits slight
thickening to the north and south around a band of relatively thin section that cuts across
central New Jersey (Fig. 20). The Maastrichtian isopach of Poag and Sevon (1989)
exhibits broad contours that extend gently onto the shelf (Fig. 37). The interval
immediately offshore the New Jersey Coastal Plain is interpreted as less than 100 ft in
thickness (the major depocenter is located ~300 km to the east). This is consistent with
the observed onshore section that ranges in thickness from 30-90 ft (Fig. 20). The
thinning of the Navesink towards the western updip Ancora corehole and lack of a major
onshore depocenter is unique among Upper Cretaceous sequences.
Poag and Sevon (1989) infer the paleo-Delaware as the only major source
controlling deposition of the New Jersey Coastal Plain during the Maastrichtian (Fig. 37).
The paleo-Hudson is deemed an insignificant player, although the onshore and offshore
thickness variations appear too subtle to be able to determine its role with certainty. The
relatively thin middle-outer neritic Navesink sequence may have had very little influence
from either river due to low sediment load or deeper paleodepths.
Isopach maps of the onshore New Jersey Coastal Plain and the offshore New
Jersey Margin are remarkably consistent given the application of different mapping
methods (i.e., core-well log correlation onshore versus seismic interpretation offshore).
Most of the onshore depocenters are consistent with the offshore interpretations and
trends of Poag and Sevon (1989). Although they are significantly thinner than their
offshore parallels, the mapping of onshore depocenters provides a high-resolution view of
updip sequence geometry and facies distribution. The paleo-Hudson and paleo-Delaware
both played significant roles in the development of onshore and offshore depocenters,
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although their impact on margin deposition appears to have varied throughout the late
Cretaceous. The paleo-Delaware River was located around the central coastal plain, much
farther north than its modern position. The Delaware is interpreted as moving gradually
south after the Miocene (Poag and Sevon, 1989). The relatively northern location of the
paleo-Delaware and resulting proximity to the paleo-Hudson makes the distinction of
their respective roles in coastal plain deposition very difficult.

C. Role of Basement Structures during Upper Cretaceous Deposition
The New Jersey Coastal Plain was deposited unconformably atop crystalline
basement. The fluvio-deltaic to outer shelf deposits of the coastal plain thicken offshore
to the Baltimore Canyon Trough, one of several large offshore sedimentary basins that
parallel the Atlantic Margin of the North American craton (Olsson, 1980; Grow, 1980).
Although thermoflexural subsidence is interpreted as the dominant mechanism (Kominz
et al., 1998) of New Jersey Coastal Plain accommodation, the imprint of tectonic forces
appears visible in the form of regional basement structures (Owens, 1985).
A series of alternating embayments and arches extend inland from the offshore
sedimentary basins (i.e., Baltimore Canyon Trough) and control the underlying structural
fabric of the Atlantic Coastal Plain (Fig. 2). This trend is visible in New Jersey in the
form of the southern Salisbury embayment (located under the modern Chesapeake Bay)
and the smaller northern Raritan embayment (located under the Raritan Bay). The South
Jersey High, a basement arch that extends basin-ward, divides these two embayments
(Fig. 2) (Olsson, 1988).

85

Although they have impacted sediment distribution since the early Cretaceous, the
genesis of these underlying structural features is poorly understood (Olsson et al., 1988).
Brown et al. (1972) defined the tectonic framework of the coastal plain as a regional
system of crustal segments that formed fault-bounded grabens or troughs as a result of
far-field compression on wrench-fault zones (Fig. 38). Differential subsidence along
these fault-bounded “embayments” resulted in the deposition of thick sedimentary
sections in the basins versus the relatively thin sections on the intermediate arches. A
competing theory identifies thermal subsidence and subsequent flexural loading as the
controlling mechanism in the formation and development of the structural grain (Watts,
1982).
The presence of major faults and their respective role in sediment deposition on
the New Jersey Margin is poorly constrained (Browning et al., 2005). Active faulting has
been observed across the Atlantic Coastal Plain south of the Salisbury embayment (at
Charleston, South Carolina, Weems and Lewis, 2002) and impact-induced faults from the
Chesapeake Bay Impact Structure may have played a significant role in Miocene
deposition (Johnson et al., 1998; Poag et al., 2004). Two theorized major faults that cut
the New Jersey Coastal Plain, the Cornwall-Kevlin fault under the Raritan embayment
(Drake and Woodward, 1963) and a southern fault trending under Cape May (Taylor et
al., 1968), could have played an integral role in the development of basement structure.
The lack of understanding concerning the origin and timing of these structures
obscures their exact role on sequence deposition during the late Cretaceous and beyond.
However, isopach mapping of Upper Cretaceous sequences indicates that these structural
features influenced sediment deposition regardless of the whether the driving mechanism
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was simple thermoflexural subsidence, tectonically influenced grabens, or a combination
thereof. Several sequences thin onto the South Jersey High and thicken into the Raritan
embayment, although proximity to sediment source should not be overlooked as a
contributing factor in thickness trends.
An examination of the previously discussed 13 Upper Cretaceous sequences
reveals substantial thinning onto the South Jersey High accompanied by thickening to the
northeast (Fig. 35). The effects of the Salisbury embayment to the south are not well
represented as it is slightly beyond the scope of the study area. The three Cenomanianearly Turonian Bass River sequences (III to I) exhibit apparent thinning onto the South
Jersey High (Fig. 32). This trend is exemplified by the Bass River III sequence as it thins
to the southern cluster of wells that overly the basement arch (Fig. 10). Deposition of the
Turonian-Coniacian Magothy sequences (I, II, III, IVA, IVB) is generally focused in the
northern coastal plain (Appendix 2a, 2f), although the Magothy II sequence has a
northern and southwestern depocenter. This northerly thickening is likely the interplay
between an influential northern source and the abundant accommodation space of the
Raritan embayment, facilitating relatively high sediment accumulation.
The Santonian-middle Campanian Merchantville-Woodbury-lower Englishtown
sequence, the Campanian upper Englishtown sequence, and the late Campanian
Marhsalltown-Wenonah- Mount Laurel sequence each thin onto the South Jersey High
and thicken to the north (Fig. 32). This indicates an influence of the underlying South
Jersey High and Raritan embayment on late Cretaceous deposition that transcends
paleoenvironmental setting (facies range from delta-front to outer-neritic). The uppermost
Cretaceous Navesink sequence exhibits thickening to both the north and the south,
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perhaps indicating the cessation (or a decrease in the role) of underlying basement
structures impacting regional sequence distribution (Fig. 20).

D. Hydrogeologic Implications
The Upper Cretaceous strata of the New Jersey Coastal Plain are of very
significant hydrogeologic and environmental importance. Several thick intervals of
medium to coarse quartz sand, generally representing the upper HST deposits of
transgressive-regressive sequences, are also important water-bearing units (Fig. 39).
Confining units of TST silt and clay usually bracket these upper sands. This trend of
regressive sand “caps” illustrates the critical link between sequence deposition and the
development of hydrologic systems on passive continental margins.
The Mount Laurel Formation (upper HST of the Marshalltown-Wenonah-Mount
Laurel sequence), the upper Englishtown Formation (of the sandy Englishtown
sequence), the lower Englishtown Formation (upper HST of the MerchantvilleWoodbury-lower Englishtown sequence) and the Magothy Formation (containing
multiple, stacked sandy sequences), are all productive Upper Cretaceous aquifers (Fig.
40). Confined, thinner sands in the fine-grained Bass River/Raritan and terrestrial clayey
Potomac Formations are important secondary aquifers. Although the aquifers often
mirror the thickness trends of their respective sequence, there are exceptions to this
tendency. Facies changes, variations in grain size, and level of induration can alter the
hydrologic potential of an aquifer.
The Mount Laurel Formation is a primary aquifer in the central New Jersey
Coastal Plain. It represents the HST of the Marshalltown sequence that reaches its
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thickest interval to the east of the coastal plain (Fig. 19). It is an effective aquifer for
much of the coastal plain, although finer-grained, deeper-water, non-deltaically
influenced facies at Millville limit its viability as an aquifer.
The upper Englishtown Formation is a principal aquifer of northern New Jersey.
The formation and its transgressive-regressive sequence thicken substantially to the north
in Monmouth and northern Ocean counties. The thick, clean, well-developed delta-front
sands are an important hydrogeologic resource and are relatively well confined by the
overlying Marshalltown and basal fine-grained lithology of the upper Englishtown. The
aquifer thins to the south and becomes slightly finer-grained away from the primary
depocenter to the north (Fig. 18).
The medium to coarse sand of the lower Englishtown Formation is the upper HST
of the Merchantville Formation and exhibits northward and seaward thickening. It
couples with the overlying upper Englishtown Formation to form an important aquifer
system across the coastal plain (Fig. 24).
The Magothy Formation and its shallow marine to terrestrial deltaic facies range
in lithology from clay to fine-very coarse sand (Fig. 33). It is a major aquifer throughout
the coastal plain, although it thickens significantly to the north where its sands are coarsegrained and broad. The thick Magothy Formation in the northern coastal plain contains
several coarse sand units (such as the Sayreville and Old Bridge Sand Members) that
make good aquifers. Other finer-grained, silty sands (Morgan Beds Member) are
inherently limited in their hydrologic value. In the central-southern coastal plain the
water-bearing units of the Magothy are divided into two primary sands (upper and lower)
that correspond to the Magothy III and I sequences, respectively. The sands are often
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divided by an interval of non-marine clay and silt (Magothy II sequence) and are
bordered by fine-grained formations above and below. This succession can be observed
at the Bass River corehole (Appendix.1ad). The Magothy Formation and its sandy units
thin to the south and become finer-grained, limiting their potential as key aquifers.
Several relatively thin, confined aquifers are dispersed throughout sequences of
predominantly finer-grained lithology. The upper HST sands observed throughout the
Bass River III-I sequences hold limited hydrogeologic value. Other isolated intervals of
sand (in the Merchantville and Navesink Formations) hold very little worth as aquifers
due to their thin, fine-grained sections. Several key aquifers exist in the Potomac
Formation but are not discussed in this study as few wells penetrated the largely nonmarine facies of the Potomac in the downdip coastal plain.
The northern coastal plain is underlain by a series of thick Upper Cretaceous
aquifers (Mount Laurel, Magothy, upper and lower Englishtown Formations). Although
this hydrogeologic system provides a valuable water resource for northern Ocean and
Monmouth counties it is not without disadvantages. Commercial and Industrial areas
around Toms River, Lakehurst and other townships have had a foreseeable impact on the
environment, quality of aquifer water, and downdip residential coastal communities. The
large number of monitoring and test wells that penetrate the Upper Cretaceous strata in
the northern New Jersey Coastal Plain demonstrates the importance of these aquifers and
provides a dense population of data points for sequence correlation.
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V. Conclusions
Thirteen transgressive-regressive Upper Cretaceous sequences were correlated
across the New Jersey Coastal Plain via core and well log integration. Four continuously
cored ODP sites (Ancora, Bass River, Millville and Sea Girt) established a clear link
between the identified sequences (based on lithology, biostratigraphy and Sr-isotope
dating) and their respective gamma ray and resistivity well log signatures. These
recurring coarsening-upwards sequences (TST clays, lower HST silts and upper HST
quartz sands) were mapped across the coastal plain using an additional 28 well logs
obtained from the New Jersey Geological Survey and industry sources.
Correlation of these sequences allowed for the generation of a series of isopach
maps that depict sequence thickness variations from the Cenomanian through the earliest
Danian. This provided a method of evaluating the effects of sediment supply, eustasy and
subsidence (thermoflexural versus tectonic) on sequence development across the New
Jersey Coastal Plain. Lithologic and paleoecologic analysis of ODP core data allowed for
the identification of paleoenvironment and the distribution of facies.
Analysis of the subsurface distribution of Upper Cretaceous (CenomanianMaastrichtian) sequences identified the location and migration of key onshore
depocenters through time. The onshore thickness trends are very consistent with the
offshore Upper Cretaceous depocenters identified by Poag and Sevon (1989). A synthesis
of these two data sets lends regional context to the New Jersey onshore sequences. It also
provides a high-resolution updip parallel of sequence geometry and facies distribution for
the shelf depocenters of Poag and Sevon.
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Geometry of the onshore Upper Cretaceous sequences implicates the underlying
basement structure (the South Jersey High, Raritan and Salisbury embayments) as a
contributing factor in margin deposition. A majority of the mapped sequences exhibit
thinning onto the South Jersey High and thickening towards the bordering basins. The
mechanism of these observed trends is unclear, although it could be the result of
differential thermoflexural subsidence, fault tectonics, or a combination of both.
Analysis of the Sea Girt core and subsequent isopach mapping revealed two new
Magothy sequences (IV A and IV B) that can be correlated across the northern New
Jersey Coastal Plain. Mapping also refined the understanding of deltaic depositional
models for the Magothy Formation, members, and sequences and illustrated the critical
link between unconformably bounded sequences (namely their upper HST sands) and the
development of hydrologic systems on passive margins.
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Figure Captions
Figure
Figure 1

Structural contour map of pre-Mesozoic basement for the eastern margin
of the North American craton showing the relationship between the
offshore Baltimore Canyon Trough and the key basins and arches that
underlie the Atlantic Coastal Plain. Map includes the location of the
Triassic rift basins. BFS- Brandywine fault system. SFS- Stafford fault
system. Map from Olsson et al. (1998) after Benson (1984).

Figure 2

Map of the Baltimore Canyon Trough (in red) with depth to basement
contours showing its relationship with the Raritan and Salisbury
embayments and the South Jersey High (in blue) after Olsson (1988) and
Grow et al. (1988).

Figure 3

Figure illustrates the formations, sequences, and primary hydrogeologic
units of the Upper Cretaceous strata of the New Jersey Coastal Plain.
Formations are from Owens and Gohn (1985). Sequences are from Miller
et al. (2004). The hydrogeologic units are from Zapecza (1989).

Figure 4

Anatomy and well log signature of New Jersey Upper Cretaceous
sequences showing the primary lithologic components, their relationship
to sequence stratigraphic units, and their characteristic Gamma Ray and
Resistivity well log characteristics, after Miller (2004),

Figure 5

Base map of the New Jersey/ Mid-Atlantic Sea-Level Transect showing
borehole locations and the position of offshore seismic data. From Miller
et al. (1998)

Figure 6

Figure illustrating the advantages of using both gamma and resistivity logs
to correlate sequences. The 404 Warren Grove gamma log does not record
the subtle lithology variations within the Merchantville sequence. A
resistivity log accentuates the differences in lithology (sandier intervals
result in resistivity spikes) at the 640 Toms River well.

Figure 7

Borehole location map showing the location of wells and boreholes used
for correlation. The well key to the left matches the well number with its
name.

Figure 8

Isopach map of the Bass River I sequence with the facies interpretations
from three ODP coreholes. Arrows indicate northern (paleo-Hudson) and
central (paleo-Delaware) sediment sources.
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Figure 9

Isopach map of the Bass River II sequence with the facies interpretations
from three ODP coreholes. Arrows indicate northern (paleo-Hudson) and
central (paleo-Delaware) sediment sources.

Figure 10

Isopach map of the Bass River III sequence with the facies interpretations
from four ODP coreholes. Arrow indicates a dominant central (paleoDelaware) sediment source.

Figure 11

Isopach map of the Magothy I sequence with the facies interpretations
from three ODP coreholes. Arrows indicate northern (paleo-Hudson) and
central (paleo-Delaware) sediment sources.

Figure 12

Isopach map of the Magothy II sequence with the facies interpretations
from the four ODP coreholes. Arrows indicate northern (paleo-Hudson)
and south-central (paleo-Delaware) sediment sources.

Figure 13

Isopach map of the Magothy III sequence with the facies interpretations
from the four ODP coreholes. Arrows indicate northern (paleo-Hudson)
and south-central (paleo-Delaware) sediment sources.

Figure 14

Isopach map of the Magothy IV A sequence with the facies interpretation
from Sea Girt. Arrow indicates a dominant northern (paleo-Hudson)
source with little to no deltaic influence and deposition to the south.

Figure 15

Isopach map of the Magothy IV B sequence with the facies interpretation
from Sea Girt. Arrow indicates a dominant northern (paleo-Hudson)
source with little to no deltaic influence and deposition to the south.

Figure 16

Isopach map of the Cheesequake sequence with the facies interpretations
from the four ODP coreholes. Note the smaller contour interval used due
to its thin nature. Arrows indicate dual northern (paleo-Hudson) and
central (paleo-Delaware) sediment sources, although their influence was
likely weak.

Figure 17

Isopach map of the Merchantville (III-I) sequence with the facies
interpretations from the four ODP coreholes. Arrows indicate northern
(paleo-Hudson) and south-central (paleo-Delaware) sediment sources.

Figure 18

Isopach map of the Upper Englishtown sequence with the facies
interpretations from the four ODP coreholes. Arrows indicate dominant
northern (paleo-Hudson) and secondary central (paleo-Delaware) sediment
sources.

Figure 19

Isopach map of the Marshalltown sequence with the facies interpretations
from the four ODP coreholes. Arrows indicate dual northern (paleoHudson) and south-central (paleo-Delaware) sediment sources.
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Figure 20

Isopach map of the Navesink sequence with the facies interpretations from
the four ODP coreholes. Arrows indicate relatively weak northern (paleoHudson) and central (paleo-Delaware) sediment sources during this
interval of slow sedimentation rates.

Figure 21

Comparative thickness maps of the Bass River III-I sequences depicting
the migration of onshore depocenters and sediment sources during this
interval.

Figure 22

Comparative thickness maps of the Magothy III-I sequences depicting the
migration of onshore depocenters and sediment sources during this
interval.

Figure 23

Comparative thickness maps of the Magothy IV A-B sequences depicting
the migration of onshore depocenters and sediment sources during this
interval (Same scale as Figure 21).

Figure 24

Comparative thickness maps of the Upper Englishtown and Merchantville
(III-I) sequences depicting the migration of onshore depocenters and
sediment sources during this interval.

Figure 25

Comparative thickness maps of the Navesink and Marshalltown sequences
depicting the migration of onshore depocenters and sediment sources
during this interval.

Figure 26

Isopach map of the lower Magothy (III-I) sequences depicting onshore
depocenters and a dominant northern (paleo-Hudson) sediment source.
The paleo-Delaware (dashed arrow) played a secondary role in lower
Magothy deposition.

Figure 27

Isopach map of the upper Magothy (IV A-B) sequences depicting the
northern depocenter and sediment source (paleo-Hudson).

Figure 28

Comparative thickness maps of the upper and lower Magothy sequences
depicting the migration of onshore depocenters and sediment sources
during this interval.

Figure 29

Cumulative isopach map of the Cenomanian-early Turonian Bass River
III-I sequences. Figure shows a key eastern depocenter and a dominant
central (paleo-Delaware) sediment source. The paleo-Hudson (dashed
arrow) played a supporting role in Cenomanian deposition.

Figure 30

Cumulative isopach map of the Turonian-Coniacian Magothy I-IV B
sequences. Figure shows the northwards migration of the primary
depocenter and the shift to a northern (paleo-Hudson) sediment source.
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The paleo-Delaware (dashed arrow) played a supporting role in TuronianConiacian deposition.
Figure 31

Cumulative isopach map of the Santonian-Campanian Cheesequake to
Marshalltown sequences. Figure shows a primary depocenter to the
northeast and a primary northern (paleo-Hudson) sediment source. The
paleo-Delaware (dashed arrow) played a supporting role in SantonianCampanian deposition.

Figure 32

Comparative thickness map of the three cumulative thickness maps
showing the migration of depocenters through time and the changing role
of the northern and southern sediment sources on coastal plain deposition.

Figure 33

Chart showing the sequences, members and facies of the Magothy
Formation as seen at the Sea Girt corehole. Core photographs to the right
illustrate the diverse lithology of the Magothy in the northern coastal
plain.

Figure 34

Depositional model for the deltaically influenced shelfal Miocene and
Upper Cretaceous sequences of the New Jersey Coastal Plain, after Miller
et al. (2004).

Figure 35

Rhone delta depositional model for the Magothy Formation and sequences
(Elliot, 1986).

Figure 36

Figure showing the Cenomanain-Turonian and Coniacian-Santonian
isopach maps of Poag and Sevon (1989). The offshore depocenters are
shaded gray. The contour interval is in 100 m. D- ancient Delaware River.
H- ancient Hudson River.

Figure 37

Figure showing the Campanian and Maastricjtian isopach maps of Poag
and Sevon (1989). The offshore depocenters are shaded gray. The contour
interval is in 100 m. D- ancient Delaware River. H- ancient Hudson River.

Figure 38

Diagram showing the interpretation of Brown et al. (1972) concerning a
regional system of crustal segments and structural alignments in the
coastal plain

Figure 39

Diagram illustrates the relationship between sequence stratigraphic units,
lithology, and geohydrologic units. The upper HST quartz sands are New
Jersey’s primary Upper Cretaceous aquifers (Sugarman et al., 1997).

Figure 40

Diagram depicts the major aquifers and confining beds of the New Jersey
Coastal Plain (Martin, 1998).
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Table Captions
Table 1a-f.

Tables depict sequence top and base measurements and unit thickness for
the 32 well logs used in this study. All measurements are recorded in feet.
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Appendices Captions
Appendix 1
a.

Gamma ray and sonic well log data with sequence and formation picks
from the 002 Chatsworth well.

b.

Gamma ray well log data with sequence and formation picks from the 034
Dorothy well.

c.

Gamma ray and sonic well log data with sequence and formation picks
from the 335 Island Beach well.

d.

Gamma ray well log data with sequence and formation picks from the 404
Warren Grove well.

e.

Gamma ray and resistivity well log data with sequence and formation
picks from the 435 Toms River well.

f.

Gamma ray well log data with sequence and formation picks from the 456
Lakehurst well.

g.

Gamma ray and resistivity well log data with sequence and formation
picks from the 479 South Mantoloking well.

h.

Gamma ray and spontaneous potential well log data with sequence and
formation picks from the 492 Toms River well.

i.

Gamma ray and resistivity well log data with sequence and formation
picks from the 492 Toms River well.

j.

Gamma ray and resistivity well log data with sequence and formation
picks from the 546 Buena well.

k.

Gamma ray and resistivity well log data with sequence and formation
picks from the 549 Williamstown well.

l.

Gamma ray and resistivity well log data with sequence and formation
picks from the 554 Pittman West well.

m.

Gamma ray and resistivity well log data with sequence and formation
picks from the 596 Woodmansie well.

n.

Gamma ray and resistivity well log data with sequence and formation
picks from the 598 Browns Mills well.
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o.

Gamma ray and resistivity well log data with sequence and formation
picks from the 602 Lavallette well.

p.

Gamma ray and resistivity well log data with sequence and formation
picks from the 603 Lakehurst well.

q.

Gamma ray and spontaneous potential well log data with sequence and
formation picks from the 605 Lakehurst well.

r.

Gamma ray and spontaneous potential well log data with sequence and
formation picks from the 621 Williamstown well.

s.

Gamma ray well log data with sequence and formation picks from the 634
Jackson well.

t.

Gamma ray and resistivity well log data with sequence and formation
picks from the 640 Toms River well.

u.

Gamma ray and resistivity well log data with sequence and formation
picks from the 658 Lakewood well.

v.

Gamma ray and resistivity well log data with sequence and formation
picks from the 664 Seaside Park well.

w.

Gamma ray and resistivity well log data with sequence and formation
picks from the 717 Point Pleasant well.

x.

Gamma ray and resistivity well log data with sequence and formation
picks from the 811 Howell well.

y.

Gamma ray and resistivity well log data with sequence and formation
picks from the 815 Asbury Park well.

z.

Gamma ray and resistivity well log data with sequence and formation
picks from the 820 Seaside Heights well.

aa.

Gamma ray well log data with sequence and formation picks from the 855
Long Branch well.

ab.

Gamma ray and resistivity well log data with sequence and formation
picks from the 860 Freehold well.

ac.

Gamma ray and sonic well log data with sequence and formation picks
from the Ancora corehole.

106

ad.

Gamma ray well log data with sequence and formation picks from the
Bass River corehole.

ae.

Gamma ray and resistivity well log data with sequence and formation
picks from the Sea Girt corehole.

af.

Gamma ray well log data with sequence and formation picks from the
Millville corehole.

Appendix 2
a.

Strike-parallel transect from Millville to 815 Asbury Park.

b.

Correlation sheet of the four ODP coreholes.

c.

Dip-parallel transect from 002 Chatsworth to 335 Island Beach.

d.

Dip-parallel transect from 860 Freehold to 479 South Mantoloking.

e.

Correlation sheet of the wells surrounding the Ancora corehole.

f.

Correlation sheet of the Magothy Formation and sequences across the
northern coastal plain.
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Age

Upper Cretaceous formations, sequences, and aquifers
of the New Jersey Coastal Plain
Formation
Sequence
Hydrogeologic unit
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Red Bank/ New Egypt Fm.
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Mount Laurel Fm.
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aquifer
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Figure 3.
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Anatomy and well log signature of a New Jersey Upper Cretaceous Sequence
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Borehole Location Map

Wells
002- Chatsworth
034- Dorothy
335- Island Beach
404- Warren Grove
435- Toms River
456- Lakehurst
479- So. Mantoloking
492- Toms River
493- Toms River
546- Buena
549- Williamstown
554- Pittman West
596- Woodmansie
598- Browns Mills
603- Lavallette
603- Lakehurst
605- Toms River
621- Williamstown
634- Jackson
640- Toms River
658- Lakewood
664- Seaside Park
717- Point Pleasant
811- Howell
815- Asbury Park
820- Seaside Heights
855- Long Branch
860- Freehold
AN- Ancora
BR- Bass River
MV- Millville
SG- Sea Girt
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Figure 22.
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Figure 23.
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Ancora Corehole
Formation
Top
Base
Navesink
612.5 651.3
Marshalltown 651.3 757.4
U.Englishtown 757.4 792.3
Merchantville 792.3 945.3
Cheesequake
945.3 957.4
Magothy IV B 957.4 957.4
Magothy IV A 957.4 957.4
Magothy III
957.4 983.4
Magothy II
983.4 1063
Magothy I
1063 1063
Bass River III
1063 1083
Bass River II
1083 1109
Bass River I

1109

1148

Millville Corehole
Formation
Top
Base
Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

Table 1a

988.1
1032.9
1059.5
1086.9
1246.3
1254.4
1254.4
1254.4
1274
1289
1300.5
1347
1372

1032.9
1059.5
1086.9
1246.3
1254.4
1254.4
1254.4
1274
1289
1300.5
1347
1372
1422.1

Thickness
38.8
106.1
34.9
153
12.1
0
0
26
79.6
0
20
26
39

Thickness
44.8
26.6
27.35
159.4
8.15
0
0
19.6
15
11.5
46.5
25
50.1

Bass River Corehole
Formation
Top
Base Thickness
Navesink
1259
1295
36
Marshalltown
1295
1441
146
U.Englishtown
1441
1473
32
Merchantville
1473
1683
210
Cheesequake
1683
1709
26
Magothy IV B
1709
1709
0
Magothy IV A
1709
1709
0
Magothy III
1709
1737
28
Magothy II
1737
1745
8
Magothy I
1745
1806
61
Bass River III
1806 1956.5
150.5
Bass River II
Bass River I
Sea Girt Corehole
Formation
Top
Base
Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

490
565
687.2
837.7
1046
1056.5
1115
1148
1212.7
1262.8
1289
1495
1520.2

565
687.2
837.7
1046
1056.5
1115
1148
1212.7
1262.8
1289
1495
1520.2
1560

Thickness
75
122.2
150.5
208.3
10.5
58.5
33
64.7
50.1
26.2
206
25.2
39.8
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002 Chatsworth
Formation
Top
Base Thickness
Navesink
668
727.8
59.8
Marshalltown 727.8 815.4
87.6
U.Englishtown 815.4
901
85.6
Merchantville
901
1062
161
Cheesequake
1062 1075
13
Magothy IV B 1075 1095
20
Magothy IV A 1095 1111
16
Magothy III
1111 1145
34
Magothy II
1145 1168
23
Magothy I
1168 1213.1
45.1
Bass River III 1213.1 1344
130.9
Bass River II
1344 1417
73
Bass River I

1417

1463

46

335 Island Beach
Formation
Top
Base Thickness
Navesink
1140 1194.6
54.6
Marshalltown 1194.6 1326.6
132
U.Englishtown 1326.6 1430.1
103.5
Merchantville 1430.1 1723
292.9
Cheesequake
1723 1745
22
Magothy IV B 1745 1767
22
Magothy IV A 1767 1790
23
Magothy III
1790 1825
35
Magothy II
1825 1875
50
Magothy I
1875 1920
45
Bass River III
1920 2175
255
Bass River II
2175 2223
48
Bass River I
2223 2272
49

Table 1b

Formation
Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

034 Buena
Top
Base
1231.3 1291.1
1291.1 1317.8
1317.8 1344.2
1344.2 1459.1
1459.1 1470.5
1470.5 1470.5
1470.5 1470.5
1470.5 1527
1527
1537
1537
1568
1568
1629
1629
1708
1708

1777

404 Warren Grove
Formation
Top
Base
Navesink
1057.8 1099
Marshalltown
1099
1182
U.Englishtown
1182
1277
Merchantville
1277
1541
Cheesequake
1541
1562
Magothy IV B
1562
1562
Magothy IV A
1562
1562
Magothy III
1562
1607
Magothy II
1607
1623
Magothy I
1623
1668
Bass River III
1668
1907
Bass River II
1907
1963
Bass River I
1963
2015

Thickness
59.8
26.7
26.4
114.9
11.4
0
0
56.5
10
31
61
79
69

Thickness
41.2
83
95
264
21
0
0
45
16
45
239
56
52
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435 Toms River
Formation
Top Base
Navesink
632
706
Marshalltown
706
842
U.Englishtown
842 1006
Merchantville
1006 1172
Cheesequake
1172 1189
Magothy IV B 1189 1208
Magothy IV A 1208 1228
Magothy III
1228 1270
Magothy II
1270 1320
Magothy I
1320 1346
Bass River III
1346 1562
Bass River II
1562 1606
Bass River I

1606

1659

Thickness
74.6
130.6
126.8
179
17
27
16.5
27.5
32
24

492 Toms River
Formation
Top
Base
Navesink
578.2
649
Marshalltown
649
782.5
U.Englishtown 782.5
892
Merchantville
892
1103
Cheesequake
1103
1123
Magothy IV B
1123 1143.9
Magothy IV A 1143.9 1164
Magothy III
1164 1219.6
Magothy II
1219.6 1265.7
Magothy I
1265.7 1301
Bass River III
1301
1470
Bass River II
1470
1549
Bass River I
1549
1602

Thickness
70.8
133.5
109.5
211
20
20.9
20.1
55.6
46.1
35.3
169
79
53

Formation
Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II

53

Bass River I

479 South Mantoloking
Formation
Top Base Thickness
Navesink
707.3 778.7
71.4
Marshalltown
778.7 911.4
132.7
U.Englishtown 911.4 1045
133.6
Merchantville
1045 1315
270
Cheesequake
1315 1330
15
Magothy IV B 1330 1350
20
Magothy IV A 1350 1366
16
Magothy III
1366 1396
30
Magothy II
1396 1457
61
Magothy I
1457 1496
39
Bass River III
1496 1715
219
Bass River II
1715 1759
44
Bass River I
1759 1785
26

Table 1c

456 Lakehurst
Top
Base
310
384.6
384.6 515.2
515.2
642
642
821
821
838
838
865
865
881.5
881.5
909
909
941
941
965

Thickness
74
136
164
166
17
19
20
42
50
26
216
44
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493 Toms River
Formation
Top Base
Navesink
471.5 537.5
Marshalltown
537.5 677
U.Englishtown
677 796.2
Merchantville 796.2 975
Cheesequake
975
990
Magothy IV B
990 1000
Magothy IV A 1000 1007
Magothy III
1007 1041
Magothy II
1041 1094
Magothy I
1094 1144
Bass River III
1144 1323
Bass River II
1323 1402
Bass River I

1402

1454

Thickness
66
139.5
119.2
178.8
15
10
7
34
53
50
179
79

Formation
Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II

52

Bass River I

549 Williamstown
Formation
Top Base Thickness
Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

Table 1d

407
444
444
553
553
636
636
788
788 800.5
800.5 800.5
800.5 800.5
800.5 821
821
907
907
907
907
942
942
974
974
995

37
109
83
152
12.5
0
0
20.5
86
0
35
32
21

Formation

546 Buena
Top
Base
946.8 1010
1010 1040.6
1040.6 1085
1085
1241
1233
1241
1241
1241
1241
1241
1241
1264
1264
1272
1272
1283
1283
1322
1322
1365
1365

1404

554 Pittman West
Top
Base

Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

309.3
346.5
419.7
481.5
629.3
642.3
642.3
642.3
642.3
725
725
746
772

346.5
419.7
481.5
629.3
642.3
642.3
642.3
642.3
725
725
746
772
796

Thickness
63.2
30.6
44.4
156
8
0
0
23
8
11
39
43
39

Thickness
37.2
73.2
61.8
147.8
13
0
0
0
82.7
0
21
26
24
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596 Woodmansie
Formation
Top
Base Thickness
Navesink
865.5 912.8
47.3
Marshalltown 912.8 1009.4
96.6
U.Englishtown 1009.4 1100.6
91.2
Merchantville 1100.6 1316
215.4
Cheesequake
1300 1316
16
Magothy IV B 1316 1325
9
Magothy IV A 1325 1336
11
Magothy III
1336 1365
29
Magothy II
1365 1380
15
Magothy I
1380 1443
63
Bass River III
1443 1631
188
Bass River II
1631 1700
69
Bass River I

1700

1741

602 Lavallette
Formation
Top
Base
Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

Table 1e

774.9 842.6
842.6
998
998
1160
1160 1346.5
1346.5 1361.5
1361.5 1375
1375 1395
1395 1455

41

Thickness
67.7
155.4
162
186.5
15
13.5
20
60

598 Browns Mills
Formation
Top Base
Navesink
406.9 465
Marshalltown
465
564
U.Englishtown
564
654
Merchantville
654
858
Cheesequake
858
870
Magothy IV B
870
870
Magothy IV A
886
892
Magothy III
892
926
Magothy II
Magothy I
Bass River III
Bass River II

Thickness
58.1
99
90
204
12
0
6
34

Bass River I
603 Lakehurst
Formation
Top Base
Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

332.9 399.8
399.8 523
523
637
637 833.5
833.5 844
844
850
850
856
856
896
896
945
945 965.1
965.1 1127
1127 1215
1215 1266

Thickness
66.9
123.2
114
196.5
10.5
6
6
40
49
20.1
161.9
88
51
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605 Lakehurst
Formation
Top
Base Thickness
Navesink
402.2 471.3
69.1
Marshalltown 471.3
605
133.7
U.Englishtown
605
715
110
Merchantville
715
918
203
Cheesequake
918
930
12
Magothy IV B
930
936
6
Magothy IV A
936
942
6
Magothy III
942
983
41
Magothy II
983
1021
38
Magothy I
1021 1047.2
26.2
Bass River III 1047.2 1222
174.8
Bass River II
1222 1311
89
Bass River I

Formation
Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

Table 1f

1311

1359

634 Jackson
Top
Base
177.7
258.5
388.7
511.2
700
714.6
729
743
769
801
832
923
968

258.5
388.7
511.2
700
714.6
729
743
769
801
832
923
968
1001

48

Thickness
80.8
130.2
122.5
188.8
14.6
14.4
14
26
32
31
91
45
33

621 Williamstown
Formation
Top
Base
Navesink
493
538.8
Marshalltown
538.8 638.7
U.Englishtown 638.7
703
Merchantville
703
856
Cheesequake
856
869
Magothy IV B
869
869
Magothy IV A
869
869
Magothy III
869
911
Magothy II
911
962
Magothy I
962
962
Bass River III
962
988
Bass River II
988
1012
Bass River I

1012

1037

640 Toms River
Formation
Top
Base
Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

632.5
697
697
817
817
933.5
933.5 1178.5
1178.5 1197
1197
1212
1212
1236
1236
1264
1264
1301
1301
1351
1351
1509
1509
1598
1598
1637

Thickness
45.8
99.9
64.3
153
13
0
0
42
51
0
26
24
25

Thickness
64.5
120
116.5
245
18.5
15
24
28
37
50
158
89
39
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658 Lakewood
Formation
Top
Base Thickness
Navesink
427.7 501.2
73.5
Marshalltown 501.2
621
119.8
U.Englishtown
621
763.8
142.8
Merchantville 763.8 984.5
220.7
Cheesequake
984.5 998.2
13.7
Magothy IV B 998.8 1031
32.2
Magothy IV A 1031 1072
41
Magothy III
1072 1108
36
Magothy II
1108 1178
70
Magothy I
1178 1213.2
35.2
Bass River III 1213.2 1382
168.8
Bass River II
1382 1430
48
Bass River I

1430

1474.1

717 Point Pleasant
Formation
Top
Base
Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

Table 1g

568.6
638.5
751.6
890.1
1101
1116.2
1142
1193
1228
1273

638.5
751.6
890.1
1101
1116.2
1142
1193
1228
1273
1291

44.1

664 Seaside Heights
Formation
Top Base Thickness
Navesink
741
810
69
Marshalltown
810
958
148
U.Englishtown
958 1115
157
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

Thickness

Formation

69.9
113.1
138.5
210.9
15.2
25.8
51
35
45
18

Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

811 Howell
Top Base
216.3
298.6
417.2
569.4
766
784
818
847
891
920
946.5
1047
1110

298.6
417.2
569.4
766
784
818
847
891
920
946.5
1047
1110
1147

Thickness
82.3
118.6
152.2
196.6
18
34
29
44
29
26.5
100.5
63
37
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815 Asbury Park
Formation
Top
Base Thickness
Navesink
335.6 418.4
82.8
Marshalltown 418.4 539.8
121.4
U.Englishtown 539.8 713.11
173.31
Merchantville 713.11 936
222.89
Cheesequake
936
956
20
Magothy IV B
956
985.7
29.7
Magothy IV A 985.7 1043
57.3
Magothy III
1043 1080
37
Magothy II
1080 1132
52
Magothy I
1132 1168
36
Bass River III
Bass River II
Bass River I

Table 1f

Thickness
60
143
157
184.7
10.1
20.2
23
42
59.2
44.8

Bass River I

855 Long Branch
Formation
Top
Base
Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

820 Seaside Heights
Formation
Top
Base
Navesink
840
900
Marshalltown
900
1043
U.Englishtown
1043
1200
Merchantville
1200 1384.7
Cheesequake
1384.7 1394.8
Magothy IV B 1394.8 1415
Magothy IV A
1415
1438
Magothy III
1438
1480
Magothy II
1480 1539.2
Magothy I
1539.2 1584
Bass River III
Bass River II

47
131.3
251.7
379.8
565
585
620.7
664.7
705
738
778.9
875
952.5

131.3
251.7
379.8
565
585
620.7
664.7
705
738
778.9
875
952.5
999.4

Thickness

Formation

84.3
120.4
128.1
185.2
20
35.7
44
40.3
33
40.9
96.1
77.5
46.9

Navesink
Marshalltown
U.Englishtown
Merchantville
Cheesequake
Magothy IV B
Magothy IV A
Magothy III
Magothy II
Magothy I
Bass River III
Bass River II
Bass River I

860 Freehold
Top
Base
40
127
213
296.6
426.5
440.7
494
513
543
581
632.6
693
731

127
213
296.6
426.5
440.7
494
513
543
581
632.6
693
731
772

Thickness
87
86
83.6
129.9
14.2
53.3
19
30
38
51.6
60.4
38
41
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002 Chatsworth
Gamma Ray (API)
0

100

200 0

Sonic Log (ms/ft)
100

200

Sequence

Formation

300

0
100
200
300
Paleocene and
Younger

400
500
600
700

Depth (feet)

800

Navesink

Navesink Fm.

Marshalltown

Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

900
Merchantville

1000
1100
1200

Upper Englishtown Fm.
Lower Englishtown Fm.

Cheesequake
Magothy 4b
Magothy 4a
Magothy III
Magothy II

Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.
Magothy Fm.

Magothy I

1300

Bass River III

1400

Bass River II

Bass River Fm.

Bass River I

1500
1600
1700
1800
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Potomac Fm.
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034 Dorothy
Gamma Ray (API)
0

100

Sequence

Formation

200

0
100
200
300
400
500
600

Paleocene and
Younger

700

Depth (feet)

800
900
1000
1100
1200

Navesink Fm.

Navesink

1300
1400
1500
1600
1700

Marshalltown
Upper Englishtown
Merchantville
Cheesequake
Magothy III

Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.
Upper Englishtown Fm.
Lower Englishtown Fm.
Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.

Magothy II
Magothy I
Bass River III

Magothy Fm.

Bass River II

Bass River Fm.

Bass River I

1800
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Potomac Fm.
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335 Island Beach
Gamma Ray (API)
0

100

200 0

Sonic Log (ms/ft)
100

200

Sequence

Formation

300

500
600
700
800

Paleocene and
Younger

900
1000
1100
Navesink

1200
Marshalltown
Depth (feet)

1300
1400

Upper Englishtown

Merchantville

1600

1800
1900

Marshalltown Fm.

Upper Englishtown Fm.

Lower Englishtown Fm.

1500

1700

Navesink Fm.
Mount Laurel Fm.
Wenonah Fm.

Cheesequake
Magothy 4b

Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.

Magothy 4a
Magothy III

Magothy Fm.

Magothy II
Magothy I

2000
Bass River III

2100
2200

Bass River Fm.

Bass River II
Bass River I

2300

Appendix 1c

Potomac Fm.
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404 Warren Grove
Gamma Ray (API)
0

100

Sequence

Formation

200

300
400
500
600
Paleocene and
Younger

700
800
900
1000

Depth (feet)

1100
1200

Navesink

Navesink Fm.

Marshalltown

Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

Upper Englishtown Fm.

1300
Lower Englishtown Fm.

1400

Merchantville
Woodbury Fm.

1500
1600

Merchantville Fm.

Cheesequake
Magothy III
Magothy II
Magothy I

Cheesequake Fm.
Magothy Fm.

1700
1800

Bass River III
Bass River Fm.

1900
Bass River II

2000

Bass River I
Potomac Fm.

2100

Appendix 1d
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435 Toms River
Gamma Ray (API)
0

100

Resistivity (ohms-m)

200 0

50

100

Sequence

Formation

150

0
100
200
300

Paleocene and
Younger

400
500
600
700

Depth (feet)

800
900

Navesink

Navesink Fm.
Mount Laurel Fm.

Marshalltown

Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

Upper Englishtown Fm.

1000
Lower Englishtown Fm.

1100

Merchantville

1200

Cheesequake
Magothy 4b
Magothy 4a
Magothy III

1300

Magothy II
Magothy I

Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.
Magothy Fm.

1400
Bass River III

1500
1600
1700
1800
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Bass River Fm.

Bass River II
Bass River I
Potomac Fm.
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456 Lakehurst
Gamma Ray (API)
0

100

Sequence

Formation

200

0
100
Paleocene and
Younger

200
300
Navesink

400

Mount Laurel Fm.

Marshalltown

Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

Upper Englishtown Fm.

500
600

Navesink Fm.

Lower Englishtown Fm.

700

Depth (feet)

800
900
1000

Merchantville
Cheesequake
Magothy 4b
Magothy 4a
Magothy III
Magothy II
Magothy I
Bass River III

1100
1200
1300
1400
1500
1600
1700
1800

Appendix 1f

Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.
Magothy Fm.

Bass River Fm.
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479 South Mantoloking
Gamma Ray (API)
0

100

Resistivity (ohms-m)

200 0

50

100

Sequence

Formation

150

0

100
200
300
Paleocene and
Younger

400
500
600
700
Navesink

Depth (feet)

800

Mount Laurel Fm.

Marshalltown

900
1000

Upper Englishtown

1300
1400
1500
1600

Wenonah Fm.
Marshalltown Fm.
Upper Englishtown Fm.

Lower Englishtown Fm.

1100
1200

Navesink Fm.

Merchantville

Woodbury Fm.

Cheesequake
Magothy 4b
Magothy 4a
Magothy III

Merchantville Fm.

Magothy II

Magothy Fm.

Cheesequake Fm.

Magothy I

Bass River III
Bass River Fm.

1700
1800
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Bass River II
Bass River I
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492 Toms River
Gamma Ray (API)
0

100

200 0

SP (mv)
50

100

Sequence

Formation

150

0

100
200
300
Paleocene and
Younger

400
500
600

Navesink

Navesink Fm.
Mount Laurel Fm.

700

Marshalltown

800
Depth (feet)

Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

900

Upper Englishtown Fm.
Lower Englishtown Fm.

Merchantville
Woodbury Fm.

1000
1100
1200

Cheesequake
Magothy 4b
Magothy 4a

1400

Cheesequake Fm.

Magothy III
Magothy II

1300

Merchantville Fm.

Magothy Fm.

Magothy I
Bass River III
Bass River Fm.

1500
1600
1700
1800
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Bass River II
Bass River I

Potomac Fm.
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493 Toms River
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0

100
200

Paleocene and
Younger

300
400
500

Navesink

600

Marshalltown

Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

Upper Englishtown Fm.

Navesink Fm.
Mount Laurel Fm.

700

Depth (feet)

800

Lower Englishtown Fm.

Merchantville

900
1000
1100

Cheesequake
Magothy 4b
Magothy 4a
Magothy III
Magothy II

Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.
Magothy Fm.

Magothy I

1200
Bass River III
Bass River Fm.

1300
Bass River II

1400

Bass River I

1500
1600
1700
1800
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Potomac Fm.
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546 Buena
Gamma Ray (API)
0

100

Resistivity (ohms-m)

200 50

100

Sequence

Formation

150

0
100
200
300
400
Paleocene and
Younger

500
600
700

Depth (feet)

800
900
1000
1100

Navesink
Marshalltown
Upper Englishtown
Merchantville

1300

Cheesequake
Magothy III
Magothy II
Magothy I
Bass River III

1400

Bass River II
Bass River I

1200

Navesink Fm.
Mt.Laurel, Wenonah,
Marshalltown Equiv.

Upper Englishtown Fm.
Lower Englishtown Fm.
Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.
Magothy Fm.
Bass River Fm.

1500
1600
1700
1800
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Potomac Fm.
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549 Williamstown
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0

100

200

Paleocene and
Younger

300

400

Navesink Fm.
Mount Laurel Fm.

500

Marshalltown

600

Upper Englishtown

Upper Englishtown Fm.

700

Merchantville

Lower Englishtown Fm.
Woodbury Fm.

Cheesequake

Merchantville Fm.

Magothy III

Cheesequake Fm.

800

Depth (feet)

Navesink

Magothy II
900

1000

Bass River III
Bass River II
Bass River I

Wenonah Fm.
Marshalltown Fm.

Magothy Fm.
Bass River Fm.

1100

1200

1300

Potomac Fm.
1400

1500

1600

1700

1800

Appendix 1k

166

554 Pittman West
Gamma Ray (API)
0

100

200

Resistivity (ohms-m)
0

50

100

Sequence

Formation

150

0

100

Paleocene and
Younger

200

300

400

Navesink
Marshalltown
Upper Englishtown

500

600

700

Merchantville
Cheesequake
Magothy II
Bass River III

Depth (feet)

800

Navesink Fm.
Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.
Upper Englishtown Fm.
Lower Englishtown Fm.
Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.
Magothy Fm.
Bass River Fm.

Bass River II
Bass River I

900

1000

1100

1200

1300

1400

1500

1600

1700

1800
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Potomac Fm.
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596 Woodmansie
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0
100
200
300
Paleocene and
Younger

400
500
600
700

Depth (feet)

800
900

Navesink

Navesink Fm.

Marshalltown

Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

Upper Englishtown Fm.

1000
1100

Lower Englishtown Fm.

1200

Merchantville

1300

Cheesequake
Magothy 4b
Magothy 4a
Magothy III
Magothy II

1400

Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.
Magothy Fm.

Magothy I

1500
Bass River III
Bass River Fm.

1600
1700
1800
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Bass River II
Bass River I
Potomac Fm.
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598 Browns Mills
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0
100
200

Paleocene and
Younger

300
400
Navesink

500
600

Marshalltown
Upper Englishtown

Depth (feet)

900
1000
1100
1200
1300
1400
1500
1600
1700
1800

Appendix 1n

Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.
Upper Englishtown Fm.
Lower Englishtown Fm.

700
800

Navesink Fm.

Merchantville

Woodbury Fm.

Cheesequake

Merchantville Fm.

Magothy III

Cheesequake Fm.
Magothy Fm.
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602 Lavallette
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0
100
200
300
Paleocene and
Younger

400
500
600

Depth (feet)

700
800

Navesink

900

Marshalltown

Navesink Fm.
Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.

1000
1100
1200
1300
1400
1500
1600
1700
1800

Appendix 1o

Upper Englishtown

Merchantville

Upper Englishtown Fm.

Lower Englishtown Fm.
Woodbury Fm.

Cheesequake
Magothy 4b
Magothy 4a

Merchantville Fm.

Magothy III

Magothy Fm.

Cheesequake Fm.
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603 Lakehurst
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0
100
Paleocene and
Younger

200
300
Navesink

400

Mount Laurel Fm.

Marshalltown

500
600

Navesink Fm.

Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

Upper Englishtown Fm.
Lower Englishtown Fm.

700

Depth (feet)

800
900

Merchantville
Cheesequake
Magothy 4b
Magothy 4a

Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.

Magothy III
Magothy II
Magothy I

Magothy Fm.

1000
Bass River III

1100
1200

Bass River Fm.

Bass River II
Bass River I

1300
1400
1500
1600
1700
1800

Appendix 1p

Potomac Fm.
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605 Lakehurst
Gamma Ray (API)
0

100

200 0

SP (mv)
50

100

Sequence

Formation

150

0
100
Paleocene and
Younger

200
300
400
Navesink

Navesink Fm.
Mount Laurel Fm.

500
Marshalltown

Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

Upper Englishtown Fm.

600
700

Lower Englishtown Fm.

Depth (feet)

800
900
1000
1100

Merchantville

Merchantville Fm.

Magothy III
Magothy II
Magothy I

Magothy Fm.

Cheesequake Fm.

Bass River III

1200
1300

Woodbury Fm.

Cheesequake
Magothy 4b
Magothy 4a

Bass River Fm.

Bass River II
Bass River I

1400
1500
1600
1700
1800
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Potomac Fm.
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621 Williamstown
Gamma Ray (API)
0

100

200 0

SP (mv)
50

100

Sequence

Formation

150

0
100
200
Paleocene and
Younger

300
400
500
600

Navesink
Marshalltown
Upper Englishtown

700
Merchantville

Depth (feet)

800
900
1000

Cheesequake
Magothy III
Magothy II
Bass River III
Bass River II
Bass River I

Navesink Fm.
Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.
Upper Englishtown Fm.
Lower Englishtown Fm.
Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.
Magothy Fm.
Bass River Fm.

1100
1200
1300
1400
1500
1600
1700
1800
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Potomac Fm.
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634 Jackson
Gamma Ray (API)
0

100

200 0

Sequence
50

100

Formation

150

0
Paleocene and
Younger

100
200
300

Navesink

Marshalltown

400
Upper Englishtown

500
600
700

Depth (feet)

800
900
1000

Navesink Fm.
Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.
Upper Englishtown Fm.
Lower Englishtown Fm.

Merchantville
Cheesequake
Magothy 4b
Magothy 4a
Magothy III
Magothy II
Magothy I

Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.
Magothy Fm.

Bass River III
Bass River Fm.

Bass River II
Bass River I

1100
1200
1300
Potomac Fm.

1400
1500
1600
1700
1800

Appendix 1s

174

640 Toms River
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0
100
200
300
Paleocene and
Younger

400
500
600
Navesink

Navesink Fm.

Marshalltown

Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

Upper Englishtown Fm.

700

Depth (feet)

800
900

Lower Englishtown Fm.

1000
1100
1200

Merchantville
Cheesequake
Magothy 4b
Magothy 4a
Magothy III

1300
1400

Magothy II

Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.
Magothy Fm.

Magothy I
Bass River III
Bass River Fm.

1500
Bass River II

1600
1700
1800

Appendix 1t

Bass River I
Potomac Fm.
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658 Lakewood
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0
100
200

Paleocene and
Younger

300
400
Navesink

Navesink Fm.

Marshalltown

Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

Upper Englishtown Fm.

500
600
700

Lower Englishtown Fm.

Depth (feet)

800
Merchantville

900
1000
1100

Woodbury Fm.

Cheesequake
Magothy 4b

Merchantville Fm.
Cheesequake Fm.

Magothy 4a
Magothy III
Magothy Fm.

Magothy II

1200

Magothy I

1300

Bass River III
Bass River Fm.

1400

Bass River II
Bass River I

1500
1600
Potomac Fm.

1700
1800
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664 Seaside Park
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0
100
200
300
Paleocene and
Younger

400
500
600
700

Depth (feet)

800

Navesink

Navesink Fm.
Mount Laurel Fm.

900

Marshalltown

Wenonah Fm.
Marshalltown Fm.

1000
Upper Englishtown

Upper Englishtown Fm.

1100
Lower Englishtown Fm.

1200

Merchantville

?
1300
1400
1500
1600
1700
1800

Appendix 1v

Woodbury Fm.
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717 Point Pleasant
Gamma Ray (API)
0

100

Resistivity (ohms-m)

200 0

50

100

Sequence

Formation

150

0
100
200
Paleocene and
Younger

300
400
500
600

Navesink

Navesink Fm.
Mount Laurel Fm.

700

Depth (feet)

800

Marshalltown

Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

Upper Englishtown Fm.

900

Lower Englishtown Fm.

Merchantville

1000
1100

Woodbury Fm.

Cheesequake
Magothy 4b
Magothy 4a
Magothy III

1200
1300
1400
1500
1600
1700
1800
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Magothy II
Magothy I

Merchantville Fm.
Cheesequake Fm.
Magothy Fm.
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811 Howell
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0
Paleocene and
Younger

100
200
Navesink

Navesink Fm.

Marshalltown

Mount Laurel Fm.
Wenonah Fm.

300
400
500

Depth (feet)

600

Upper Englishtown

Cheesequake
Magothy 4b

800

Magothy 4a
Magothy III

1000
1100

Upper Englishtown Fm.

Lower Englishtown Fm.

Merchantville

700

900

Marshalltown Fm.

Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.
Magothy Fm.

Magothy II
Magothy I
Bass River III
Bass River II

Bass River Fm.

Bass River I

1200
1300
1400
1500
1600
1700
1800
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Potomac Fm.
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815 Asbury Park
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0
100
Paleocene and
Younger

200
300
400
500
600

Navesink
Marshalltown

Upper Englishtown

Navesink Fm.
Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.

Upper Englishtown Fm.

700

Depth (feet)

Lower Englishtown Fm.

800

Merchantville

900

Cheesequake
Magothy 4b

1000

Merchantville Fm.
Cheesequake Fm.

Magothy 4a
Magothy III

1100

Woodbury Fm.

Magothy Fm.

Magothy II
Magothy I

1200
Bass River III

1300
1400
1500
1600
1700
1800
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?

Bass River Fm.
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820 Seaside Heights
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0
100
200
300
400

Paleocene and
Younger

500
600
700

Depth (feet)

800
900
1000
1100

Navesink

Mount Laurel Fm.

Marshalltown

Upper Englishtown

Upper Englishtown Fm.

Lower Englishtown Fm.

Merchantville

1400

Wenonah Fm.
Marshalltown Fm.

1200
1300

Navesink Fm.

Cheesequake
Magothy 4b
Magothy 4a

Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.

Magothy III

1500

Magothy II
Magothy I

1600
1700
1800
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Magothy Fm.
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855 Long Branch
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0
Navesink Fm.

100

Navesink

200

Marshalltown

Wenonah Fm.
Marshalltown Fm.

300

Upper Englishtown

Upper Englishtown Fm.

Mount Laurel Fm.

400
500

Lower Englishtown Fm.

Merchantville
Cheesequake
Magothy 4b

600
700

Depth (feet)

800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
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Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.

Magothy 4a
Magothy III

Magothy Fm.

Magothy II
Magothy I
Bass River III
Bass River Fm.

Bass River II
Bass River I
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860 Freehold
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

0

100

Navesink
Marshalltown

200

300

400

Navesink Fm.
Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.

Upper Englishtown

Upper Englishtown Fm.

Merchantville

Lower Englishtown Fm.

Cheesequake
Magothy 4b

Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.

Magothy 4a
500

Magothy III

Magothy Fm.

Magothy II
600

Magothy I
Bass River III

700

Bass River II
Bass River I

Bass River Fm.

Depth (feet)

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800
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Potomac Fm.
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Ancora Corehole
Gamma Ray (API)
0

100

200 10

Sonic Log (ms/ft)
15

20

Sequence

Formation

25

0
100
200
300

Paleocene and
Younger

400
500
600
700

Depth (feet)

800

Navesink
Marshalltown
Upper Englishtown
Merchantville

900

Cheesequake
Magothy III

1000
1100
1200
1300
1400
1500
1600
1700
1800

Appendix 1ac

Magothy I
Bass River III
Bass River II
Bass River I

Navesink Fm.
Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.
Upper Englishtown Fm.
Lower Englishtown Fm.
Woodbury Fm.
Merchantville Fm.
Cheesequake Fm.
Magothy Fm.
Bass River Fm.
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Bass River Corehole
Gamma Ray (API)
0

100

200 0

Resistivity (ohms-m)
50

100

Sequence

Formation

150

200
300
400
500
600
700

Paleocene and
Younger

800
900

Depth (feet)

1000
1100
1200
1300

Navesink
Marshalltown

1400
Upper Englishtown

1500

Navesink Fm.
Mount Laurel Fm.
Wenonah Fm.
Marshalltown Fm.
Upper Englishtown Fm.
Lower Englishtown Fm.

Merchantville
Woodbury Fm.

1600
1700
1800
1900

Cheesequake
Magothy III
Magothy II
Magothy I

Magothy Fm.

Bass River III

Bass River Fm.

?

2000

Appendix 1ad

Merchantville Fm.
Cheesequake Fm.
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Sea Girt Corehole
Gamma Ray (API)
0

100
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