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Abstract
The New Jersey passive continental margin records the interaction of sequences and sea-level, although previous studies
linking seismically defined sequences, borehole control, and global d 18O records were hindered by a seismic data gap on the
inner-shelf. We describe new seismic data from the innermost New Jersey shelf that tie offshore seismic stratigraphy directly to
onshore boreholes. These data link the onshore boreholes to existing seismic grids across the outer margin and to boreholes on
the continental slope. Surfaces defined by age; facies, and log signature in the onshore boreholes at the base of sequences Kw2b,
Kw2a, Kw1c, and Kw0 are now tied to seismic sequence boundaries m5s, m5.2s, m5.4s, and m6s, respectively, defined beneath
the inner shelf. Sequence boundaries recognized in onshore boreholes and inner shelf seismic profiles apparently correlate with
reflections m5, m5.2, m5.4, and m6, respectively, that were dated at slope boreholes during ODP Leg 150. We now recognize an
additional sequence boundary beneath the shelf that we name m5.5s and correlate to the base of the onshore sequence Kw1b.
The new seismic data image prograding Oligocene clinoforms beneath the inner shelf, consistent with the results from onshore
boreholes. A land-based seismic profile crossing the Island Beach borehole reveals reflector geometries that we tie to Lower
Miocene litho- and bio-facies in this borehole. These land-based seismic profiles image well-defined sequence boundaries,
onlap and downlap truncations that correlate to Transgressive Systems Tracts (TST) and Highstand Systems Tracts (HST)
identified in boreholes. Preliminary analysis of CH0698 data continues these system tract delineations across the inner shelf.
The CH0698 seismic profiles tie seismically defined sequence boundaries with sequences identified by lithiologic and paleontologic criteria. Both can now be related to global d 18O increases and attendant glacioeustatic lowerings. This integration of
core, log, and seismic character of mid-Tertiary sediments across the width of the New Jersey margin is a major step in the longstanding effort to evaluate the impact of glacioeustasy on siliciclastic sediments of a passive continental margin. q 2000
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1. Introduction
Seismic profiles show that the New Jersey continental shelf contains a thick record of prograding
* Corresponding author. New Jersey Geological Survey, P.O. Box
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E-mail address: donm@njgs.dep.state.nj.us (D.H. Monteverde).

clinoform wedges. First recognized by Schlee
(1981) and interpreted as prograding deltas, many of
the clinoformal reflections have since been documented as sequence boundaries (Greenlee et al., 1988,
1992; Greenlee and Moore, 1988) based on classic
criteria of onlap, downlap, and offlap (erosional truncation and toplap) (Christie-Blick and Driscoll, 1995;
Mitchum, 1977). Similar prograding clinoform
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Fig. 1. Location map showing the CH0698, Oc270 and Ew9009 seismic grids, offshore ODP Legs 150 and 174A, onshore ODP Legs 150X and
174AX and nearshore AMCOR6011 and ACOW2 sites. CH0698 lines 9, 14, 17, 19 and 27 are used in other figures as noted and described in the
text.

wedges are observed in Neogene sediments of passive
and active margins throughout the world (Bartek et
al., 1991), indicating a common link to global climate
and glacioeustatic change as recorded by global d 18O
variations (Miller et al., 1991). While most of these
wide-ranging clinoforms are Miocene and younger,
the age of the initiation of large-scale progradation
has been poorly documented and ranges from Oligocene (Greenlee et al., 1988; Bartek et al., 1991) to
Late Eocene (Pekar et al., 2000).
The prograding? Oligocene–Recent clinoforms
beneath the New Jersey shelf provide an opportunity
to evaluate the relationships between sequences and
sea-level change (Miller and Mountain, 1994). This
period of Earth history is associated with the growth
and decay of large continental ice sheets recorded by
global d 18O variations (Miller et al., 1991). The
Ocean Drilling Program (ODP) chose the New Jersey
margin to drill a borehole transect from the slope to
the coastal plain (Fig. 1; Miller and Mountain, 1994)
to test the relationship between sequences, sea level
and d 18O variations. Although drilling originally
targeted shelf locations where seismic facies are best
imaged (Miller and Mountain, 1994), safety considerations required initial drilling on the slope (ODP

Leg 150; Mountain et al., 1994) and onshore (ODP
Leg 150X; Miller et al., 1994, 1996a). In 1997, drilling edged onto the outer continental shelf (ODP Leg
174A; Austin et al., 1998), targeting Late Neogene
clinoforms (see Metzger et al., 2000).
Previous onshore studies by the New Jersey coastal
plain drilling project (ODP Legs 150X and 174AX)
recognized Cenozoic sequences in onshore boreholes
by integrating physical evidence for erosion with age
and biofacies/lithofacies changes (Miller et al., 1994,
1996a; Miller and Snyder, 1997). Studies based on
seismic geometries have recognized sequences
beneath the continental shelf and have traced them
to slope boreholes (ODP Leg 150), where they have
been dated as Eocene to Recent (Mountain et al.,
1994; Miller et al., 1996b). The ages of the
sequences are similar onshore and offshore, and
both sets correlate with deep-sea d 18O increases
(Fig. 2), thereby indicating glacioeustatic control
on sequence development (Miller et al., 1996a,
1996b, 1998).
Despite these efforts, there has been: (1) inadequate
direct sampling of Oligocene–middle Miocene strata
beneath the shelf where the record is most sensitive to
sea-level change; and (2) inadequate seismic coverage
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Fig. 2. Revised comparison of Oligocene–Miocene slope sequences, onshore sequences and CH0698 seismic sequence. Modified from Miller et
al. (1998).

in the nearshore zone, a critical region linking onshore
and offshore stratigraphy. Middle Miocene sequences
are best developed beneath the middle New Jersey
shelf where they have been well imaged by two profile
grids (Fig. 1; Ew9009, Miller and Mountain, 1994;
Oc270, Austin et al., 1996), whereas Lower Miocene
sediments are best developed beneath the inner shelf.
These Lower–Middle Miocene sediments have not
been sampled in the optimal locations: the oldest
strata sampled by Leg 174A are about 12 Ma (Austin
et al., 1998), whereas the Lower–Middle Miocene
sections sampled onshore generally represent only
proximal facies deposited well landward of the clinoform inflection points. Although the onshore sites
sampled Oligocene–Lower Miocene sediments that
are relatively complete and potentially represent critical clinoformal facies, until now correlation of
onshore boreholes with offshore seismic profiles has

straddled a gap in seismic coverage of several tens of
kilometers.
With CH0698 seismic data we are now able to
correlate directly well sampled onshore Lower to
Middle Miocene sections to offshore seismic
sequences. This provides ground-truth to offshore
Miocene seismic facies by comparing each with facies
interpretations derived from litho- and bio-facies
studies at the onshore boreholes. Furthermore, these
correlations provide a firm basis for locating future
offshore drill sites at the positions most critical to
understanding the relationship between stratal geometry and sea-level change.

2. Methods
Marine multichannel seismic profiles form the basis
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Fig. 3. Comparison of Lower Miocene lithologic units, sequences, and chronostratigraphic units at Island Beach, Atlantic City, and Cape May.
Modified after Miller (1997).

of this study, supplemented by an onshore seismic
profile published by Miller et al. (1996c). We used
reflection geometries seen in these high-resolution
data to define Oligocene and Lower Miocene seismic
sequences that we traced through the data grid and
tied into boreholes using synthetic seismograms and
time–depth relationships. The seismic character of
onshore and offshore sequences was directly
compared to borehole lithologies and ages derived

from biostratigraphic and isotropic studies (Fig. 3;
Miller et al., 1994, 1996a).
2.1. Offshore seismic data
MCS profiles were collected aboard the R/V Cape
Hatteras using the Lamont-Doherty Earth Observatory (LDEO) HiRes MCS system in May 1998.
1100 km of profiles that link onshore boreholes to
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Fig. 4. Synthetic seismogram derived from the Island Beach acoustic log projected onto CH0698 line 14. The upper part of the sonic log (in gray
on the synthetic seismogram) was run through the casing and imaged reflectors should be disregarded. Ages depicted to the left of the synthetic
seismogram result from detailed study of Island Beach borehole (PH is Pleistocene through Holocene, Miller et al., 1994). m5s, m5.2s, m5.5s
and m6s are seismic sequence boundaries that were traced around the CH0698 seismic grid. The m6s seismic sequence boundary was also
identified with the seismogram. Seismic terminations identified a new Oligocene clinoform inflection that appears below m6s.

existing profiles extending seaward to boreholes on
the outermost shelf and upper slope were obtained
(Fig. 1). Three onshore boreholes were approached
as close as possible: we sailed directly into Cape

May inlet,
,700 m of
1996a); we
inlet, 700 m

collecting underway data to within
the Leg 150X borehole (Miller et al.,
collected data while leaving Absecon
from the Atlantic City borehole (Fig. 9)
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Fig. 5. (a) Acoustic data plotted as depth vs. two-way traveltime (TWT) from Island Beach and ACOW2. The Island Beach data are derived
from a downhole sonic log (Miller et al., 1994), whereas the ACOW2 data are derived from a check shot survey (Waldner and Hall, 1991)
recalculated from interval velocities back to depth vs. TWT. (b) Correlation based on gamma logs from the Atlantic City borehole and the
ACOW2 well. Sequence stratigraphy at Atlantic City is based on physical and biostratigraphic criteria of continuously drilled core samples
(Miller et al., 1997), whereas at the ACOW2 well, we interpreted the litho- and log stratigraphy of Owens et al. (1995) in terms of the Kw
sequences of (Miller et al., 1997).

(Miller et al., 1997); and we acquired an offshore
strike line that at its closest approach was 1500 m
from the Island Beach borehole (Fig. 4) (Miller et
al., 1997). In addition, we acquired three grids of
closely spaced profiles that meet the guidelines for safety
assessment (Sea level working group, 1992) across additional proposed drill sites (Miller et al., 1998).
The LDEO MCS system used a 45/45 cu-in
Generator-Injector airgun towed at approximately
2 m depth. A 48-channel, 600 m solid (not oil-filled)
ITI streamer was maintained at 2 ^ 0:5 m depth with
a near trace source offset of zero. Ship speed, monitored by DGPS, was maintained at 4.9 km over the
seafloor to yield 12.5 m between shots at 5 s intervals.
The data were recorded with an OYO DAS-1 at a
0.5 ms sample rate; trace lengths were 2 s. Preliminary processing has been completed on several lines
and includes outside mute, velocity analysis, Normal
Moveout (NMO) correction, bandpass filtering,
spreading loss correction, predictive deconvolution,
Stolt migration, and time-varying gain. The data are
of excellent quality with vertical resolution approach-

ing 5 m and usable acoustic imaging to approximately
1 s of two-way traveltime.
For this study we analyzed five CH0698 dip lines
and two strike lines (Fig. 1) that have been processed
thus far, detailing features from Atlantic City northward. Miocene sequences generally thicken and are
more numerous downdip; because of the oblique
strike of Miocene strata relative to the modern coastline, the Island Beach, Atlantic City, and Cape
May boreholes sample progressively downdip
sections. Thus, future studies of the southern
portion of the dataset between Atlantic City and
Cape May, yet to be prepared, are expected to
provide better coverage of Lower to Middle
Miocene strata (e.g. the Kw1c, Kw2c, and KwCohansey sequences are only found at Cape May;
Fig. 2; Miller et al., 1996a).
2.2. Synthetic seismogram, depth–time relationships,
and seismic borehole correlations
The wireline sonic log at the Leg 150X Island
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Beach borehole provides the depth-to-acoustic-traveltime conversion needed to firmly tie features in the
rock record to reflections in nearby seismic profiles.
Accordingly, a 50 Hz Ricker wavelet (similar to the
CH0698 seismic source) was convolved with the
acoustic log to create a synthetic seismogram (Metzger, pers. comm.). Using the Miocene strike direction
provided by Miller et al. (1997) as a guide, the
synthetic seismogram was projected 1800 m northeast
to cdp 9450 of CH0698 line 14 (Fig. 4, see location
map Fig. 6). The data quality is good and we find a
close match between the synthetic and observed seismic data for the prediction of reflection m6s. The
seismic match for older stratigraphy below this is
reasonable but not as close. There is no correspondence for the interval from 0 to 0.148 ms subsurface
where the sonic log was run through casing (Fig. 4,
gray section of synthetic). Geophysical logs aided in
the correlation of the seismic boundaries. The Atlantic
City Offshore Well 2 (ACOW2) borehole contained
gamma ray and check shot surveys; interval velocities
derived from the latter (Waldner and Hall, 1991) were
recalculated as depth vs. time and compared to a depth
vs. time plot derived from the Island Beach sonic log.
These two datasets match closely (Fig. 5a), adding
confidence to our depth-time correlations at the Island
Beach projection to CH0698 line 14 as well as to the
projections of Atlantic Margin Coring Project borehole 6011 (AMCOR6011, Hathaway et al., 1976,
1979), ACOW2, and Atlantic City borehole data
into the seismic grid.
ACOW2 data not only allowed an evaluation of the
Island Beach depth-traveltime function, but also
allowed direct correlation of sequences identified in
boreholes with those observed in seismic profiles. The
late Owens (Owens et al., 1995) identified subsurface
Miocene coastal plain formations based on the drill
cuttings and gamma ray log character for the ACOW2
borehole. We placed the formation picks of Owens et
al. (1995) into the Miocene sequence terminology of
Miller et al. (1997) (Fig. 5b). We extended these
correlations using gamma ray logs to the Atlantic
City borehole, matching the sequence usage of Miller
et al. (1994, 1996b, 1997, 1998) (Fig. 5b). Sequence
boundaries from two sites (ACOW2 and Atlantic
City) were projected into seismic lines 9 (ACOW2)
and 27 (Atlantic City) using the Island Beach/
ACOW2 depth–time relationship (Fig. 9). The
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AMCOR6011 offshore well provided a correlation
for Oligocene/Miocene sequence boundary, m6
(Pekar et al., 2000).
2.3. Land seismic and facies analysis
The ODP Leg 150X Island Beach borehole was
drilled 250 m from a high-resolution, N–S oriented
land reflection profile collected previously by Miller
et al. (1996c) (Fig. 6). These seismic data were based
on the summed impacts from a 4.5-kg hand-held
sledge hammer that provided 225–245 Hz source
frequencies at 5 m spacings. Walkaway noise tests
provided optimum source-geophone offsets and
allowed at least 180 m depth penetration. A geophone
array provided 6-fold stacking after trace editing,
inside mute, velocity analyses every 5–10 m along
line, and Normal Moveout correction. Deconvolution,
bandpass filtering at 150–350 Hz and time-varying
gain resulted in vertical resolution that approached
1 m (Miller et al., 1996c).
A graphic lithologic description and gamma ray log
of the Miocene–Holocene section recovered at the
Island Beach Leg 150X borehole was scaled to the
seismic profile published by Miller et al. (1996c)
using their stacking velocities (Fig. 6). Lower
Miocene sequence boundaries recognized by physical
and log character (Miller et al., 1994, 1997) closely
match seismic surfaces defined by reflector terminations (Fig. 6). However, the placement of the boundary between sequences Kw1a and Kw1b remains
uncertain: Miller et al. (1994) originally placed the
base of the Kw1b sequence at a surface at 85 m
(279 ft). After Owens et al. (1997) noted a distinct
facies overstep associated with a surface at 92.3 m
(303 ft), Miller et al. (1997) moved the base of
Kw1b to this level, interpreting the surface at 85 m
(279 ft) as a maximum flooding surface (MFS).
Miocene age control at Island Beach is poor: the entire
Kw2a sequence is simply assigned ‘Lower East Coast
Diatom Zone 2 (ECDZ2)”, and Sr-isotopic ages are
available only for the base of the Kw1a sequence
(Miller et al., 1994). Age control on the upper Pleistocene to Holocene is provided by Accelerator Mass
Spectrometry (AMS) 14C dates (Miller et al., 1994).
Sugarman and Miller (1996) and Miller et al. (1997)
provide facies interpretations for this section using
lithologic and paleontologic criteria.
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Fig. 6. Land seismic profile crossing the Leg 150X Island Beach site. Seismic data are after Miller et al. (1996c). Insert map shows location of the Leg 150X Island Beach (IB)
borehole, the land seismic profile, and offshore CH0698 line 14. Lithology, gamma log, sequence stratigraphic interpretations, depositional environments, systems tract interpretations, and ages are derived from the Island Beach site (Miller et al., 1997a). Sequence boundaries m5.2s, m5.5s are imaged on the profile. Solid lines represent sequence
boundaries, dashed lines are MFS, dotted lines are other surface identified on the profiles that reside within the HST. See text for description of seismic interpretation.
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3. Results
3.1. Identifying Lower Miocene sequences in offshore
profiles
We used seismic sequence analysis to identify
several well-developed sequence boundaries in
offshore data on the basis of offlaping, downlaping,
and onlaping reflector geometries (Figs. 4, 7 and 8).
Five sequence boundaries are expressed on each of the
northern CH0698 dip lines we investigated, while an
older, sixth sequence boundary appears on the two
northernmost lines (Fig. 4). Onlap and erosional truncations outline the sequence-bounding reflections
seaward of the clinoform inflection point of each
sequence boundary 1 (e.g. Fig. 7). Erosional terminations of underlying reflectors identify sequence-bonding surfaces landward of the clinoform inflection
points. Select intra-sequence reflectors define system
tracts (Van Wagoner et al., 1988) as follows: a key
surface (maximum flooding surface [MFS]) divides a
thin interval of parallel reflectors below (termed the
transgressive systems tract [TST]) from a generally
thicker, prograding high stand systems tract (HST)
above. Lowstand systems tract (LST) have not been
identified on the seismic profiles studied so far.
We correlate five sequence boundaries defined on
CH0698 profiles as Lower Miocence and one as
Oligocene. In keeping with former nomenclature,
we name the Lower Miocene sequence boundaries
m5s, m5.2s, m5.4s, m5.5s, and m6s. The subscript
‘s’ for shelf, distinguishes each from the m5, m5.2
etc. reflections whose ages were determined by
samples from the slope, and this distinction emphasizes that we have now firmly linked these surfaces to
shallow-water lithologies and ages.
3.2. Correlating offshore seismic sequences to
onshore sites
Prior to the present study, there were significant
uncertainties in the relationship of reflections beneath
1
This is the point of maximum change in slope associated with a
clinoform geometry. It has been termed shelf edge (Schlee, 1981),
depositional coastal break (Vail, 1987), depositional shoreline break
(Posamentier and Vail, 1988), shelf break (Van Wagoner et al.,
1988), clinoform breakpoint (Fulthorpe and Austin, 1998; Fulthorpe
et al., 1999), and clinoform inflection point (this study).
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the shelf with surfaces drilled in onshore sites and
reflections beneath the slope. Our study provides
first-order correlations of sequence-bounding reflections beneath the inner shelf with onshore sequence
boundaries (Fig. 2), confirming that reflections m5s,
m5.2s, m5.4, and m6 correlate with the base of Kw2b,
Kw2a, Kw1c, and Kw0, respectively.
The Island Beach sonic log allowed us to correlate
seismic sequences recognized on the CH0698 profiles
into the onshore boreholes in two ways. First, the
sonic log provided the means to construct a synthetic
seismogram that we compared with the point of closet
approach on offshore line 14 (a distance of roughly
1500 m, Fig. 4, location map Fig. 6). Second, because
it agreed so closely with the ACOW2 check shot velocity data (Fig. 5a) we were confident that our depthtime conversions were reliable.
The Island Beach, ACOW2, and Atlantic City sites
date the upper two seismic surfaces, m5s and m5.2s;
these bracket the Kw2a sequence defined onshore
(Figs. 2, 4 and 9). The underlying seismic boundary,
m5.4s, is truncated by m5.2s seaward of Island Beach
and Atlantic City. Its location in ACOW2 indicates a
correlation with the basal sequence boundary of
onshore Kw1c (Fig. 2). The only other place that
Kw1c has been sampled is in the Cape May borehole;
consistent with this fact, line 27/9 (Fig. 9) shows that
this sequence pinches out ,17 km downdip of Atlantic City. Sequence boundary m5.4s is provisionally
correlated with slope reflection m5.4 (Fig. 2) of
Mountain et al. (1994). The next oldest boundary,
m5.5s, corresponds to the base of the Kw1b sequence
(Miller et al., 1994, 1997; Sugarman and Miller, 1997;
Sugarman et al., 1997).
Comparison of the synthetic seismogram with the
CH0698 high-resolution profiles allows dating of the
two oldest clinoforms on the seismic grid. A
sequence-bounding surface recognized on each of
the CH0698 profiles, reflection m6s, can be traced
shoreward to the Island Beach (Fig. 7), Atlantic City
(Fig. 8), and AMCOR6011 (Fig. 1) boreholes and
correlated to the Oligocene/Miocene boundary (Fig.
2). At this time, we cannot trace this sequence boundary to the slope and tie it to Leg 150 slope boreholes,
but stratigraphic placement and age make it the
precise equivalent of slope reflection m6. At the
Atlantic City borehole, m6s correlates with the base
of onshore sequence Kw0. This surface could be a
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Fig. 7. Seismic dip profile CH0698 line 9 showing onlap, offlap, and erosional truncations used in defining the m6s seismic sequence boundary.
Onlap on the m6s surface defines the Transgressive Systems Tract (TST). The maximum flooding surface (MFS, dashed line) separates the TST
from the Highstand Systems Tract (HST). Offlap representing seaward sediment progradation defines the HST. Offlap beneath the m6s boundary
represents Oligocene progradation.
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Fig. 8. Seismic dip profile Oc270 line 529 depicting the Lower Miocene seismic sequences boundaries m6, m5.6, m5.4, m5.2, and m5 from the interpretation of N. Christie-Blick et
al. (pers. comm.). Note the similar spacing and morphology of these seismic boundaries to m6s, m5.5s, m5.4s, m5.2s and m5s on Fig. 9 from the CH0698 data. Line 529 images the
same area as CH0698 data (Fig. 9). Scale same as Fig. 9.
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clinoformal wedges beneath the inner shelf, corroborating inferences based on the onshore coastal plain
boreholes (Pekar et al., 2000).
3.3. Correlations with slope seismic sequences

Fig. 9. Seismic dip profile CH0698 line 27/9 showing the shelfdefined m6s m5.5s, m5.4s, m5.2s and m5s seismic sequence boundaries. Atlantic City borehole and ACOW2 well, located on Fig. 9a,
were used in dating these seismic sequence boundaries. Compare
the spacing and morphology of these seismic boundaries to m6,
m5.6, m5.4, m5.2, and m5 on Fig. 8 from the Oc270 line 529.
Scale same as Fig. 8. Fig. 9a is the updip part of section, imaged
on line 27, that is shown in Fig. 9b.

concatenation of sequence boundaries m6s and the
younger m5.6s because the Kw0 sequence is absent
at Island Beach and at Atlantic City is only ,9 m
thick (Miller et al., 1994). Surface m6 was not penetrated by ACOW2.
The oldest clinoform inflection identified in the
CH0698 grid lies beneath reflection m6s, yet above
the projection of slope reflection o1 (lowermost
Oligocene; Mountain et al., 1994; Miller et al.,
1996, 1998) from the Island Beach site. It is only
imaged on the two northern CH0698 lines, 17 (Fig.
4) and 19 (not shown here). The precise correlation of
this sequence boundary with the onshore Oligocene
sequences of Pekar et al. (1997) and Pekar et al.
(2000) is not certain at present. Nevertheless, the
CH0698 data clearly image prograding Oligocene

By dating the nearshore sequences, we provide age
correlations for shelf sequence boundaries with slope
reflections that is independent of seismic tracing. In
particular, the Lower Miocene seismic surfaces that
were dated on the New Jersey slope (Miller et al.,
1996b) required tracing more than 100 km to the
inner shelf, where they exhibit stratal geometries
that can be seismically defined as sequence boundaries. We correlate four sequence boundaries defined
with CH0698 profiles with four sampled in ODP Leg
150 boreholes, and named (from youngest to oldest)
m5, m5.2, m5.4, and m6, (Mountain et al., 1994). The
fifth sequence that we recognize is Oligocene; seismic
resolution with available data on the slope precludes a
confident recognition of Oligocene reflections that can
be traced to the inner shelf (Mountain et al., 1994).
One shelf reflection, m5.5s, does not have a
previously identified equivalent on the slope (Mountain et al., 1994). However, glauconite abundances at
Site 904 show a large coeval peak (Miller, unpublished data); such peaks are commonly associated
with sequence boundaries on the slope. Although
this is speculative at this point, we can unequivocally
define a previously unrecognized seismic sequence
beneath the shelf, date it as 20.2 Ma by correlating
it with Atlantic City Sr-isotoptic stratigraphy (Miller
et al., 1997; Sugarman et al., 1997), correlate it with
the Kw1a/Kw1b sequence recognized in onshore
boreholes, and correlate it with the slope glauconite
peak.
The shelf sequence boundaries and slope reflections
appear to be causally linked. Although reflections on
the slope lack definitive geometries criteria of
sequence boundaries, they have been found to be
commonly associated with evidence for downslope
sediment transport (Mountain et al., 1994; Miller et
al., 1998). More importantly, Miller et al. (1996b,
1998) showed that these surfaces correlated with
glacioeustatic variations inferred from d 18O studies,
implicating them as records of sea-level lowering. We
suggest that as more CH0698 lines are processed and
loop-correlated through close seismic lines from
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Fig. 9. (continued)

existing grids, a close match will be found for Lower
Miocene sequence boundaries. Unambiguous tracing
of slope reflections to the inner shelf may be beyond
the resolution of current data; however, we suggest
that current age correlations between onshore and
offshore locations leave little doubt that these physical
correlations are correct (Fig. 2).
3.4. Correlating an onshore profile to the Island
Beach borehole
After tying the onshore sequence boundaries into
the inner shelf CH0698 seismic grid, a question
remains concerning the correlation of the intrasequence geometries between borehole and seismic
profiles. Integration of borehole sedimentary facies
with CH0698 seismic facies is premature but a high
resolution land seismic profile (Miller et al., 1996c)
offers an opportunity to characterize seismically the
facies observed in the Island Beach borehole (Miller
et al., 1994).
Three sequence boundaries identified in the Island

Beach Leg 150X borehole (23.7, 55.5, and 92.3 m; 78,
182, and 303 ft) are associated with the three most
prominent and continuous reflections of the onshore
profile (Miller et al., 1996c; Fig. 6). These sequence
boundaries are associated with the bases of the upper
Pleistocene–Holocene, Kw2a, and Kw1b sequences,
respectively. Projected in from the Island Beach borehole, the base of Kw1a is apparently below the seismic image at greater than 190 ms (Fig. 6). Each of
these units is described as follows.
3.5. Upper Pleistocene–Holocene sequence (mostly
younger than 5.6 ka)
The first reflection, identified at ,32 ms (Fig. 6;
Miller et al., 1996c), lies immediately below the
contact between sands deposited in beach environments and sandy muds deposited in lagoonal enivornments; it is associated with the top of a “tight” clay.
The impedance contrast at the base is associated with
a sharp lithologic change from upper Pleistocene–
Holocene fluvial gravel above to Kirkwood delta

124

D.H. Monteverde et al. / Sedimentary Geology 134 (2000) 111–127

front sands below. There are hints of channeling on
this surface at SP 60 (Fig. 6).
3.6. Kw2a sequence (16.5–17.8 Ma as dated at other
sites)
Three seismic facies in sequence Kw2a correspond
to three environments of deposition inferred from
borehole studies. At the base, a distinct, continuous
reflection correlates with a sequence boundary in the
borehole, although there is no seismic evidence at this
site for this being a sequence boundary (Fig. 6). We
correlate this surface to m5.2s. Immediately above
this, a moderately continuous reflection with downlap
coincides with a MFS inferred from core studies. The
intervening 10 ms between the sequence boundary
and the MFS consists of sands deposited in nearshore
environments. The overlying sections (15–20 ms
thick) show several downlapping reflectors that
appear to prograde to the north (Fig. 6). These
prograding lower HST sediments consist of silts
deposited in prodelta environments. A thin upper
section (10 ms) that caps the sequence portrays
moderately continuous reflections; the associated
sediments are sands deposited in delta front environments (upper HST; Fig. 6).
3.7. Kw1b sequence (19.5–20.1 Ma as dated at other
sites)
The reflection at 120 ms at north end of the profile
is recognized as a seismic sequence boundary by truncation of underlying reflections and possible channeling at SP25 and SP55 (Fig. 6). We correlate it to
m5.5s. A downlap surface at 103 ms with progradation toward the north correlates with the MFS inferred
from the borehole. The intervening section shows a
hummocky seismic character with somewhat discontinuous reflections; this TST is associated with sands
that were possibly deposited in inner neritic environments. Above the MFS, 15 ms of somewhat discontinuous reflections associated with prodelta silts are
overlain by 8 ms of chaotic reflections associated with
fluvial sands. These are capped by two continuous
reflections that are also associated with fluvial sands.
3.8. Kw1a (20.1–21.1 Ma as dated at other sites)
There is distinct downlap on a reflection at 170 ms

(Fig. 6) with general progradation toward the north
(and possible bi-directional downlap at SP55). There
may be some truncation associated with this surface at
SP42; however, it appears to be associated with a
regression from inner neritic, slightly glauconitic
sands below to estuarine/lagoonal sediments above.
Therefore, we interpret it as a MFS. More data are
needed to resolve the significance of this surface.
Above this, there are two seismic facies separated
by a reflection at 145 ms that correlates with a large
gamma ray log increase. The lower facies is associated with strong downlap and discontinuous reflections; the upper facies is associated with stronger,
more continuous reflections and is truncated at its
top. Both are associated with sands deposited in
delta front environments. Sequence boundary m5.6s/
m6s is apparently not seismically resolved as it
projects beneath 190 ms.

4. Discussion
The Lower Miocene sequences identified in
onshore boreholes also correlate to seismically
defined sequences in the CH0698 data. Most of the
Miocene sequences have been dated at more than one
borehole (the Kw1c, Kw2c, and Kw-Cohansey are
notable exceptions), lending confidence to the global
correlation of the seismically and core-defined
sequences (Fig. 2). Still, some sequences identified
both onshore and at slope sites do not image as seismic sequence boundaries in the CH0698 data. Slope
seismic reflection m5.6 either is not represented or is
beneath the resolution of the CH0698 data. Onshore
sequence Kw0 is absent in the north at both the Island
Beach and AMCOR6011 (Miller et al., 1994; Pekar et
al., 2000). Farther to the south at Atlantic City,
sequence Kw0 is ,9 m thick (Miller et al., 1994).
Tracing the overlying Kw1a sequence boundary
offshore from Atlantic City does not reveal stratal
geometry indicative of a seismic sequence boundary.
The thin sequence Kw0 probably prevents seismic
resolution of the equivalents of slope reflections m6
(correlative to the base of Kw0) and m5.6 (correlative
to the base of Kw1a; Fig. 2). Sequence Kw0 thickness
southward to Cape May, where it is ,36 m thick
(Miller et al., 1996a). Seismic data from this region
have not been processed, although we predict that a
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prominent sequence boundary equivalent to slope
reflection m5.6 and the base of onshore sequence
Kw1a should be present in the southern region of
CH0698 data coverage.
Confirming these correlations and resolving
outstanding questions outlined above require
completing the analysis of CH0698 data and detailed
tracing of Oc270 data, using the dated surfaces from
slope Leg 150 and shelf/slope Leg 174A. Initial interpretations of Oc270 line 529 (Figs. 1 and 9: N. Christie-Blick et al., pers. comm., in prep.) show a similar
number and spacing of sequences as we observe in
CH0698. These surfaces have been tentatively correlated to Ew9009 line 1003 and traced to the slope
where they were named m5, m5.2, m5.4, 5.6 and
m6 and tied to Leg 150 drill sites. Loop correlations
among the three seismic data sets should substantially
improve our understanding of the numbers of
sequences and facies variations with sequences.
However, these efforts may still yield ambiguous
correlations of some reflections due to limitations in
the Oc270 dataset (Fulthorpe et al., 1999).
One major difference between the nearshore and
slope seismic interpretations requires verification.
We identify sequence m5.5s on the CH0698 profiles
that appears acoustically similar to reflection m5.6
traced from the slope; however, our age correlations
for these two reflections are clearly different (Fig. 2).
We believe that this age difference may be real and
that m5.5s may be a slightly younger sequence boundary than m5.6. Reflector m5.5s clearly correlates with
the basal Kw1b sequence boundary (i.e. it can be
clearly traced to Kw1b at both Island Beach and
Atlantic City); it also appears to correlate with a
minor global d 18O increase (Milaa; Fig. 2). Reflector
m5.6 apparently correlates with the basal Kw1a
onshore sequence; first-order correlation shows that
m5.6 is associated with the global Mila d 18O increase
on the slope (Miller et al., 1998) (Fig. 2). We plan to
test the differences between these two sequences
when more CH0698 profiles are processed and
displayed, and by (re)tracing reflection m5.6 from
the slope to the CH0698 seismic grid.

5. Conclusions
This study presents seismic profiles that fill the data
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gap between the onshore ODP Leg 150X boreholes and New Jersey shelf and slope investigations encompassing the Ew9009 and Oc270
seismic grids and Legs 150 and 174A boreholes.
Seismic stratal geometries defined six sequence
boundaries on the CH0698 seismic profiles: m5s,
m5.2s, m5.4s, m5.5s and m6s, and an unnamed
Oligocene sequence boundary. These seismic
sequences correlated with Lower Miocene
sequences boundaries recognized in onshore boreholes as the base of Kw2b, Kw2a, Kw1c, Kw1b,
and Kw0, respectively. These lithostratigraphically
and paleontologically recognized sequences, associated with global d 18O increases (Miller et al.,
1998), now are tied to seismically defined
sequence boundaries across the present day shelf.
This further substantiates the influence of global
sea-level change with New Jersey passive margin
development.
CH0698 profiles provides a direct tie between
onshore boreholes and shelf seismic grids that can
then be traced to slope borehole control. The nearshore/onshore sequence boundaries outlined in this
study correlate with four of five Lower Miocene
reflections dated on the slope; m5, m5.2, m5.4, and
m6; the fifth surface, m5.5s, has not been identified
previously on the slope. Directly carrying the CH0698
and onshore correlations out to slope dated sites (Leg
150 and 174A) will require tracing through the existing Oc270 database, which remains to be completed.
CH0698 data define a sixth surface documenting that
Oligocene clinoformal wedges occur in the nearshore
region as predicted by Pekar et al. (1997) and Pekar et
al. (2000). Still questions remain; for example reflections m5.6 and m6 are clearly defined in slope data,
whereas the reflections m5.6s and m6s are concatenated in the CH0698 data. Further processing of the
CH0698 data should help to resolve this and other
issues.
Preliminary CH0698 profile analysis has outlined
Lower Miocene TSTs and HSTs that were recognized
in the Island Beach, Atlantic City and Cape May boreholes. Land seismic data clearly image the various
intra-sequence sedimentary facies documented at
the Island Beach site. Future work will complete
the definition of systems tracts and carry these
intra-sequence facies interpretations offshore onto
the CH0698 grid.
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