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ABSTRACT

We evaluate Oligocene sequences recovered at three Leg 150X boreholes (Island Beach, Atlantic City, and Cape May, NJ)
and their correlations to the 880 proxy of glacioeustasy and the inferred eustatic record of Exxon. Sequence boundaries are
identified by lithologic, gamma-ray log, and benthic foraminiferal changes and dated by integrated Sr-isotopic stratigraphy,
biostratigraphy, and magnetostratigraphy. Three lower (01, 32.8-32.2 Ma; 02, 30.8-29.9 Ma; and O3, 29.0-28.3 Ma) and
three upper Oligocene sequences (04, 27.5-27.0 Ma; O5, 27.0-25.6 Ma; and 06, 25.1-24.2 Ma) are described.

Hiatuses associated with six of seven Leg 150X Oligocene to earliest Miocene sequence boundaries correlate with major
deep-sea 5180 increases: O1 with Oil (33.5 Ma) and Oila (32.8 Ma), O2 with Oilb (31.7 Ma), O3 approximately with Oi2
(30.0 Ma), O4 approximately with Oi2a (28.3 Ma), O5 with Oi2b (27.1 Ma), and KwO with Mi1 (23.7 Ma). The hiatus associ-
ated with the O6 sequence boundary may be correlated with a minor &80 increase. The New Jersey Oligocene sequence
boundaries also coincide with six Oligocene eustatic falls of Exxon. However, there are one (O4) or two (the Mays Landing
unit at ACGS#4 borehole) additional sequences in New Jersey that correlate with inferred glacioeustatic lowerings that are not
shown in the Exxon synthesis. We conclude that the excellent correlation between inferred glacioeustatic lowerings (5180
increases) and sequence boundaries implies a causal link.

New Jersey Oligocene sequences are dominated by glauconite sands and silts. Transgressive Systems Tracts contain in situ
glauconite, and Highstand Systems Tracts contain recycled glauconite. The sequence architecture in New Jersey is different
between lower Oligocene (thin, Transgressive Systems Tract dominated, sediment starved) and upper Oligocene sequences
(thick, Highstand Systems Tract dominated, clastic rich). This is may be due to higher amplitude early Oligocene sea-level
changes or increased sediment supply in the late Oligocene.

Depositional centers during the early Oligocene were located south of Cape May and near Island Beach. However, the mid-
Oligocene (~27 to ~25 Ma) sequences at Cape May and at Island Beach are either thin or absent, whereas the sequences are
thick at Atlantic City. Thisindicates that the depositional center shifted from near Cape May during the early Oligocene to near
Atlantic City during the mid- and |ate Oligocene. These changes are probably the result of local tectonics and changes in sedi-

ment supply.

INTRODUCTION

Primary goals of the New Jersey Coastal Plain Drilling Project
(Ocean Drilling Program [ODP] Leg 150X) were to recover and date
Oligocene to Holocene sequences, to compare them to global deep-
sea 080 records, and to eval uate sequence stratigraphic models (see
Miller, Chapter 1, this volume for summary). Previous comparisons
between the 380 record and sequences have established a causal link
between Miocene glacioeustatic lowerings and formation of se-
quence boundaries (Sugarman et a., 1993; Sugarman et al., 1995;
Pekar et al., Chapter 8, this volume). Oligocene ice sheets are well
documented (Miller et al., 1991; Zachos et al., 1994, 1996), and pre-
liminary studies of Oligocene sections have suggested that sequence
boundaries are linked to glacioeustatic lowerings (Miller et al., 1987,
1991; Pekar and Miller, 1996). However, Oligocene sediments are
often absent in shallow-marine settings. In addition, Oligocene sec-
tions are difficult to date because of long biochrons and scarce bio-
stratigraphic markers. With the advent of new dating techniques (e.g.,
Sr-isotopic stratigraphy) and continuously cored boreholes in the
New Jersey Coastal Plain (e.g., Miller, et a., 1994, 1996a), Oligo-
cene strata can now be studied in detail on a portion of the U.S. pas-
sive margin. Leg 150X was designed to drill boreholes updip, down-
dip, and along strike (Fig. 1), allowing evaluation of not only the ef-
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fects of glacioeustasy, but also the effects of local tectonics and sed-

imentation changes on the development of Oligocene sequences.
Understanding of Oligocene global sea-level (eustatic) changes

has been hampered not only by problemsin obtaining and dating shal-

low-marine sections, but also by problemsin obtaining and interpret-

ing deep-sea 60 records. When Vail et a. (1977) first suggested a

dramatic (hundreds of meters) mid-Oligocene sea-level lowering,

most isotopic researchers believed thefirst Antarctic ice sheet did not

form until the middle Miocene (e.g., Shackleton and Kennett, 1975).

Glacioeustatic change is the only known mechanism for producing

large, rapid sea-level change (Donovan and Jones, 1979), and it was

not possible to reconcile large, rapid Oligocene sea-level changes

with anice-freeworld. Subsequent &'0 and Antarctic sediment stud-

ies have shown that East Antarctic ice began forming by at least the

earliest Oligocene (e.g., Miller and Fairbanks, 1985; Miller et a.,

1991; Zachos et d., 1994). However, East Antarctic ice-volume

changes can explain only about 60—-65 m of glacioeustasy (Shackle-

ton and Opdyke, 1973), and even the revised “eustatic record” of Exx-

on (Hagq et al., 1987) still shows a 130-m mid-Oligocene lowering.
Deep-sed*®O records provide a firm chronology of inferred gla-

cioeustatic changes. Miller et al. (1987, 1991) showed that intervals

of high benthic foraminiferad®O values (>1.8%o. irCibicidoides)

are incompatible with an ice-free world. Four such Oligocene—earli-

est Miocene benthic foraminifer&®O maxima were used to define

oxygen isotopic Zones 01, 0i2, Oi2a, and MO increases asso-

ciated with these maxima are inferred glacioeustatic lowerings (Fig.

2; Miller et al., 1991). Although benthic foraminife@?fO records

reflect both temperature changes and ice-volume fluctuations, Miller

et al. (1991) used covariance between low-latitude planktonic and

deep-sea benthic foraminiferd®0O records as an indicator of ice-
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volume (glacioeustatic) changes. Thus, the eustatic signal embedded
in deep-sea %0 records can be determined, and the effects of gla-
cioeustatic change on passive margin sequences can be eval uated.

The New Jersey Coastal Plain is characterized by generally quies-
cent Cenozoic tectonics resulting from thermal cooling and flexural
loading (Steckler and Watts, 1981). However, it isclear that local tec-
tonics (e.g., local faulting and flexural loading) have played an im-
portant role in shaping the Cenozoic record in this region (e.g.,
Brown et al., 1972; Benson, 1990, 1994; Owens et d., Chapter 2, this
volume, and references therein). The effects of tectonics can be eval -
uated by comparing boreholes throughout the basin and by compari-
son with other basins. It isalso clear that eustasy has shaped this mar-
gin (Olsson, 1991). We eva uate the effects of eustasy by comparing
New Jersey Coasta Plain Oligocene sequences with the 30 gla
cioeustatic proxy.

Owens and Sohl (1969) recognized that New Jersey Coastal Plain
sediments contained transgressive/regressive successions. Olsson
(1991) and Sugarman et a. (1993, 1995) recognized these as se-
quences and interpreted the facies in the context of sequence stratig-
raphy. However, these studies lacked detailed Oligocene sections.

Oligocene strata have not been identified in outcropsin New Jer-
sey and werefirst recognized in the subsurface of New Jersey by Ols-
son et a. (1980), where they were dated as mid- to late Oligocene
(Zones P20-P22). The distribution of Oligocene strata has remained
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uncertain until now, because core coverage and quality were not suf-
ficient for delineating Oligocene sequences and facies in detail.

Thefirst continuously cored borehole to recover Oligocene strata
was drilled at Mays Landings in 1986 (ACGS#4 borehole; Miller et
a., 1990; 121-ft-thick [36.9 m] Oligocene section; Fig. 1). Recovery
of the upper Oligocene section (90 ft thick [27.4 m]) was extremely
low (<5% recovery), and the preservation of calcareous microfossils
was poor. The lower Oligocene (31 ft thick [9.4 m]) was dated by
nannofossils (Poore and Bybell, 1988), the first time lowermost Oli-
gocene strata were unequivocaly identified from New Jersey. The
overall poor recovery and preservation of the Oligocene section lim-
ited the study of foraminifers, the evaluation of sequences and their
bounding unconformities, and the history of sea-level change along
New Jersey during the Oligocene.

ODP Leg 150X drilled three onshore boreholes (Fig. 1) that re-
covered atotal of 638 ft (194.5 m) of Oligocene strata (Miller, et al.,
1994, 19964), allowing a detailed study of the New Jersey Oligocene
for the first time. The Island Beach borehole, drilled in April 1993,
contained 97 ft (29.6 m) of upper Oligocene and 95 ft (29.0 m) of
lower Oligocene strata, with excellent core recovery and fair preser-
vation of calcareous microfossils (Miller, et a., 1994). The Atlantic
City borehole, drilled in June—August 1993, contained 204 ft (62.2
m) of upper Oligocene and 63 ft (19.2 m) of lower Oligocene sedi-
ments (Miller, et a., 1994). Better preservation of the calcareous mi-
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Figure 2. Ages of New Jersey Oligocene sequences compared to the benthic 5180 record at Sites 803 (Barrera et a., 1993) and 529 (Miller et al., 1991) and the planktonic 380 record at Site 77 (Keigwin and
Keller, 1984); open symbols). Oil through Mi1 are bases of oxygen-isotopic zones and are indicated with arrows; dashed lines indicate the inflections in the oxygen-isotopic increases associated with each zone.
Boxes indicate time represented, white areas indicate hiatuses, cross-hatched areas indicate uncertain. C12 and C11r are two possible interpretations for the O2 sequence at |sland Beach (see text). The Haq et
al. (1987) sequence and eustatic records are shown using the Berggren et al. (1995) time scale (see text). ML = Mays Landing unit, a possible earliest Oligocene sequence at the ACGS#4 borehole (Owenset al.,
1988). E11 = the youngest Eocene sequence represented at |sland Beach and Cape May (Browning et al., Chapter 18, this volume). KwO0 = the oldest Miocene sequence represented at Atlantic City and Cape
May (Miller et al., Chapter 14, thisvolume).
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crofossils alowed evaluation of Oligocene benthic foraminifers. The
Cape May borehole, drilled in March—April 1994, recovered 133.8 ft
(40.8 m) of upper Oligocene and 45 ft (13.8 m) of lower Oligocene
strata with good recovery and preservation.

In this study, Oligocene sequences were delineated in the Atlantic
City, Island Beach, and Cape May boreholes (Fig. 1). Unconformities
(sequence boundaries) in the boreholes were recognized as surfaces
with irregular contacts, reworking, bioturbation, and major facies
changes (Fig. 3; Miller, et d., 1994, 1996a). Many of the unconfor-
mities are also associated with gamma-ray peaks. In addition, we
were able to recognize additional unconformities and differentiate
them from flooding surfaces by integrating the lithostratigraphy and
changes in benthic biofacies assemblages. Sequences were dated by
integrating biostratigraphy (Miller, et al., 1994, 1996a; Liu et d.,
Chapter 10, thisvolume), magnetostratigraphy (Van Fossen, Chapter
22, this volume), and Sr-isotopic stratigraphy (Miller, et al., 1994,
1996a; Pekar, 1995; this study). We divide sequences into systems
tracts (Posamentier et a., 1988) and estimate water-depth variations
using lithologic and benthic foraminiferal evidence. The New Jersey
sequences are compared to the &80 record and the inferred eustatic
curve of Exxon (Haqg et al., 1987) to test if eustasy has an important
influence on the formation of sequences.

METHODS

Planktonic foraminiferal and nannofossil biostratigraphy are taken
from Miller, et al. (1994, 1996a) and Liu et a. (Chapter 10, this vol-
ume). Sr-isotopic anayses provided by Miller, et a. (1994, 1996a)
were supplemented by Pekar (1995) and this study. Magnetostratigra-
phy was successful in recognizing several Oligocene polarity zones at
Island Beach (Van Fossen, Chapter 22, this volume). Together, these
provide the primary age control on the boreholes.

Lithologic descriptions were provided by Miller, et al. (1994,
1996a) and Pekar (1995). In addition, we show cumulative percent-

coarse sand were obtained by dry sieving and weighing. Based on
Leg 150X results, Pekar et al. (Chapter 8, this volume) recognize two
new Oligocene lithologic units: the glauconitic silts with subordinate
glauconite sands of the Sewell Point Formation below and quartz and
glauconite sands of the Atlantic City Formation above (Fig8; dee
Pekar et al. [Chapter 8, this volume] for designation and discussion
of these units).

Samples from the Island Beach, Atlantic City, and Cape May
boreholes that were used for benthic foraminiferal studies were pre-
pared using standard sampling and processing techniques (Pekar,
1995). Approximately 300 benthic foraminiferal specimens from the
>63-um-size fraction were sorted and identified for quantitative anal-
ysis. Samples with abundant foraminifers were split using a micro-
splitter to obtain totals close to 300 specimens.

Benthic foraminifers were identified using the taxonomy of Cush-
man and Cahill (1933), Toulmin (1941), Cushman and Stainforth
(1945), Renz (1948), Loeblich and Tappan (1964), Smith (1964),
Butt (1966), Schnitker (1970), Poag (1981), Boersma (1984), Lamb
and Miller (1984), Wood et al. (1985), Van Morkhoven et al. (1986),
and Benson (1990). Twenty-seven samples from Cape May and 22
samples from Atlantic City were analyzed quantitatively in this
study. Percentage data were computed for samples with greater than
100 specimens, and Q-mode principal component and factor analyses
were performed on the data set. We extracted ten principal compo-
nents (eigenvalues >1) and rotated nine factors (80.3% of the faunal
variation explained). The high number of factors allowed a detailed
division of the different benthic foraminiferal biofacies assemblages
for each borehole. Biofacies were recognized using factor analysis
and percentage data (factor scores and loadings are available from the
authors by request). Paleobathymetries were determined for each as-
semblage from sedimentological data and by comparison to fossil
and modern benthic foraminiferal habitat studies (Pekar, 1995).

Oligocene Sr-isotopic age estimates were obtained from 14 sam-
ples from Atlantic City, five samples from Island Beach, and 18 sam-
ples from Cape May (Table 1). Shell fragments from mollusks (~0.1

age data of the medium—coarse quartz sand, fine quartz sand, sit¥®) or benthic foraminifers (~70 large specimens) were used for

clay, glauconite sand, and shell components (Fie®). & he percent-

each analysis (Miller, et al., 1994, 1996a; Pekar, 1995). Sr-isotopic

age of silt-clay was determined quantitatively from samples washealges were calibrated to the Cande and Kent (1992) time scale using
through a 63-um sieve for foraminiferal studies. In sections wittthe regressions of Oslick et al. (1994). Otherwise, the Berggren et al.
glauconite, the abundances of other components were visually estt995) time scale is used throughout. The differences between the
mated from the greater than 63-um-size fraction; in sections withoande and Kent (1992) and Berggren et al. (1995) Oligocene time
glauconite and shell material, the percentages of fine vs. mediunseales are relatively minor (<0.1 m.y.). Sr-isotopic regressions for the
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late Oligocene have age uncertainties of approximately +0.8-1.0
m.y. (Odlick et al., 1994) or better (asgood as+0.6 m.y.; Reilly et dl.,
1996), whereas early Oligocene regressions have uncertainties of
+1.0 m.y. (Miller et a., 1988) to +0.7 m.y. (Reilly et a., 1996).

RESULTS
New Jer sey Oligocene Sequences

New Jersey Oligocene strata can be divided into transgressive/
regressive sequences (Fig. 3). New Jersey Oligocene sequences are
ideally characterized by a basal transgressive systems tract (TST)
consisting of clayey glauconite sands overlain by a shallowing-
upward highstand systemstract (HST) of media glauconite silts and
upper glauconitic quartz sands (Fig. 3). Lowstand systems tracts
(LSTs) have not been recognized. The maximum flooding surface
(MFS) separating the TST from the HST (Posamentier et a., 1988)
can be difficult to distinguish from lithology alone. Benthic foramin-
ifers provide additiona evidence for recognizing MFSs. The genus
Uvigerinaisoften found in high abundancein the condensed sections
associated with MFSs (Loutit et d ., 1988), whereas benthic foramin-
iferal studies can be used to recognize the deepest water depths of a
sequence. In addition, MFSs in Leg 150X Oligocene sequences are

associated with the highest concentrations of benthic foraminifersper
gram of sediment.

HSTs are generally typified by coarsening-upward successions.
In the New Jersey Oligocene section, the HST deposits contain recy-
cled glauconite. Recycling is indicated by (1) abraded, cracked
grains; (2) the mixing of green glauconite and brown grains, with the
brown grains weathered to goethite and an undifferentiated clay min-
erad; (3) thedominance of fineto coarse quartz sands, with glauconite
constituting a secondary mineral; and (4) the association of the glau-
conite with inner neritic benthic foraminiferal taxa, indicating depo-
sition in paleodepths less than 30 m. Because glauconite only forms
in quiescent, sediment starved, low-oxygen, middle neritic and deep-
er paleoenvironments (McRae, 1972), these grains cannot be in situ.
Thisrecycled glauconiteyiel ds high gammarray log values that mask
the stratigraphic successions, making the identification of the se-
quence systems tracts difficult using well logs alone.

There are differences between the lower and upper Oligocene se-
quences (Fig. 3). Lower Oligocene sequences are usually thin and the
TSTsdominate the sequences. The basal parts of sequences generally
consist of sandy glauconitic clay-silts and fine-grained sand that rap-
idly grade into clayey glauconite sand, indicating rapid water deep-
ening from inner middle neritic to middle neritic or deeper environ-
ments. Above this deepening-upward succession, dark green clayey
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Table 1. Sr-isotopic age estimates obtained from Oligocene samples
taken from the three ODP Leg 150X boreholes.

Depth BKV age CK age
(fty  Material  87Sr/%6sr Error ()  (Ma) (Ma)
Cape May
1136.0 S 0.708290  0.000006 23.1 23.6
1209.0 s 0.708228  0.000014 25.0 24.8
1209.0 s 0.708229  0.000029 24.9 24.7
1209.0 s 0.708315  0.000019 225 231
1247.0 S 0.708257  0.000006 24.1 24.2
1249.0 S 0.708251  0.000011 24.3 24.3
1261.0 S 0.708229  0.000018 24.9 24.7
1268.0 s 0.708335  0.000038 219 22.7
1271.0 f 0.708222  0.000008 251 24.9
1271.9 f 0.708212  0.000008 254 251
1275.9 f 0.708218  0.000008 25.3 25.0
1299.0 f 0.708223  0.000014 25.1 24.9
1300.0 f 0.708181  0.000020 26.3 25.7
1302.0 f 0.708178  0.000006 26.4 25.7
1303.8 f 0.708131  0.000008 27.8 26.7
1305.8 f 0.708063  0.000055 29.7 28.0
1308.8 S 0.708055  0.000030 29.9 28.1
1340.0 f 0.708034  0.000013 30.6 285
1340.0 f 0.707995  0.000030 317 30.1
1340.0 f 0.707998  0.000008 316 30.0
1350.0 s 0.707939  0.000008 333 316
1350.0 s 0.70794 0.000031 333 316
1354.0 S 0.707973  0.000020 323 30.7
Atlantic City
913.0 S 0.708303  0.000011 22.8 233
913.0 S 0.708273  0.000011 237 239
9175 f 0.708154  0.000038 27.1 26.2
9225 s 0.708207  0.000026 25.6 25.2
923.0 s 0.708199  0.000013 25.8 25.3
948.0 s 0.708172  0.000007 26.6 25.9
9745 S 0.708142  0.000011 27.4 26.4
9745 S 0.708147  0.000012 27.3 26.3
1056.0 S 0.708135  0.000013 27.6 26.6
1072.0 S 0.708121  0.000011 28.1 26.8
1117.0 S 0.708097  0.000014 28.7 27.3
1122.8 S 0.708075  0.000014 294 27.7
1124.0 f 0.708117  0.000006 28.2 26.9
1135.0 f 0.708087  0.000008 29.0 275
1141.0 S 0.708048  0.000007 30.2 28.3
1164.5 s 0.708056  0.000008 29.9 28.1
1178.2 s 0.707936  0.000008 334 304
1204.1 s 0.707823  0.000013 36.6 32.6
1301.1 S 0.707784  0.000013 37.7 334
1335.0 S 0.707763  0.000007 38.3 33.8
Island Beach
503.3 S 0.708390  0.000015 217 21.4
504.5 S 0.708379  0.000004 21.8 21.6
5225 s 0.708252  0.000005 24.3 24.3
663.8 s 0.707958  0.000006 327 311
668.0 s 0.707957  0.000012 32.8 311
677.0 S 0.707944  0.000014 331 315
683.6 S 0.707983  0.000006 32.0 30.4
703.0 S 0.707743  0.000034 38.9 37.0

Note: s = shell materia, f = foraminifers.

in situ glauconite sand dominates the TST. The HSTs are often thin
and appear to betruncated (upper HST quartz sand facies are absent),
and consist of clayey glauconite sand near the base grading-upward
to glauconitic silt and fine glauconitic quartz sand (Fig. 3).

In upper Oligocene sequences, the TSTsarethin and theHSTsare
dominant (Fig. 3). The TSTs generaly consist of glauconitic clays
and silts. These are overlain by coarsening-upward successions con-
sisting of glauconitic silts and glauconitic fine-grained quartz sands
(lower HST) to glauconitic medium- to coarse-grained quartz sands
(upper HST; Fig. 3). Thick glauconite sand facies observed in the
lower Oligocene TSTs are typically absent in the upper Oligocene
TSTs.

Oligocene Depositional Sequences at Atlantic City,
CapeMay, and I dand Beach

Sequences, their bounding unconformities, and systems tracts are

identified and dated for the Oligocene sections for each of the three
boreholes. Physical stratigraphy (i.e., lithology, evidence of erosion)
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and benthic foraminiferal biofacies changes indicate that these sur-
faces represent significant downward shifts in baselevel. Most un-
conformities have resolvable (~1 m.y. or longer) hiatuses (i.e., the
bases of Seguences O1, 02, O3). Several inferred unconformities
have shorter hiatuses (~0.8 m.y.) that are not within the resolution of
Sr-isotopic stratigraphy but are resolvable by integrating biostratigra-
phy and magnetostratigraphy. There is no resolvable hiatus associat-
ed with the base of Sequence O5 at Atlantic City.

The Cape May Oligocene section (1360-1181 ft [414.5-360.0
m]) is divided into five sequences (Fig. 4). The lower Oligocene
(1360-1304.8 ft [414.5-397.7 m]) contains three sequences (O1
03), and the upper Oligocene (1304.8-1181 ft [397.7-360.0 m], Fig.
4) contains two probable sequences (O5, 06). The placement of the
lower/upper Oligocene boundary is complicated. Planktonic fora-
miniferal studies indicate that the boundary is associated with a
stratal surface at 1270 ft (387.1 m; Miller, et al., 1996a; Liu et al.,
Chapter 10, this volume). A single specimefMarfborotalia ampli-
apertura at 1275 ft (388.7 m) above a 20-ft (6.1 m) dissolution zone
and specimens df. cubensis may indicate that the section below
1270 ft (387.1 m; Liu et al., Chapter 10, this volume) is lower Oli-
gocene (Miller, et al., 1996a). In contrast, dinoflagellate cysts (de
Verteuil, Chapter 11, this volume) and nannofossils indicate that the
interval from 1270 to 1300 ft (387.1-396.2 m) is upper Oligocene.
Sr-isotopic studies indicate that the lower/upper Oligocene boundary
is between 1303.8 and 1305.8 Ma (26.7 and 28.1 Ma). Based on four
Sr-isotopic analyses and dinocyst data, we place the lower/upper Oli-
gocene boundary at the lower level and interpret occurrences of
Chiloguembelina cubensis and T. ampliapertura above 1303.8 ft as
having been reworked.

The Atlantic City Oligocene section is divided into five thin se-
quences (Fig. 5). Two sequences are identified for the lower Oli-
gocene (02, 03; 1181-1138 ft [360.0-346.9 m]) and three probable
sequences are identified within the upper Oligocene-(&4 1138—

914 ft [346.9-278.6 my)).

The Island Beach borehole is the most updip Leg 150X site (Fig.
1; Miller, et al., 1994). Three Island Beach Oligocene sequences were
identified, two in the lower Oligocene (01, O2; 697-602 ft [212.4—
183.5 m]) and at least one sequence in the upper Oligocene (O6; 602—
505 ft [183.0-153.9 m]; Fig. 6). Sequences are more difficult to iden-
tify in Island Beach Oligocene strata than at the other Leg 150X sec-
tions because of poor preservation of calcareous fossils. However,
gamma-ray logs provided a means to correlate the Cape May and
Island Beach Oligocene strata, providing tentative placement of sev-
eral sequence boundaries (Pekar, 1995). Used alone, gamma-ray logs
would not provide the necessary data for placement of the Oligocene
sequence boundaries within the Island Beach core, due to the glau-
conite gamma-ray signal (see above). However, the excellent strati-
graphic record at Cape May provided a stratigraphic template for the
New Jersey Oligocene strata, allowing gamma-ray log correlation
with the Oligocene section at Island Beach.

Chronology of the New Jersey Oligocene
Introduction

We evaluate the ages of the sequences at Cape May (Fig. 7), At-
lantic City (Fig. 8), and Island Beach (Fig. 9) using age-depth dia-
grams. Sr-isotopic ages are shown using conservative error estimates
of +0.8 m.y. Ages of the sequences are also constrained using the
lowest and highest occurrence of planktonic foraminifers (Liu et al.,
Chapter 10, this volume) and sparse nannofossil zones (Miller, et al.,
1994, 1996a). Because of environmental restriction, planktonic fora-
miniferal lowest occurrences (LOs) are often delayed (Paya-
globorotalia opima opima and Globigerina angulisuturalis, Fig. 8
and the highest occurrences (HOs) are often premature Terg.,
borotalia ampliapertura, Fig. 9). In addition, the HO aEhiloguem-
belina cubensisis affected by reworking, although the highest consis-
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Figure 7. Cape May age vs. depth. Sr-isotopic ages are shown as solid points with +0.8-m.y error bars. The HO of T. ampliapertura does not include one iso-
lated specimen at 1275.9 (388.9 m) that isinterpreted as reworked. Open Sr-isotopic valueis considered an outlier due to stratigraphic inversion. HCO = highest
consistent occurrence.

tent occurrence (HCO) agrees with other data (Figs. 7, 8). Tentative ume). A Sr-isotopic age estimate of 31.6 Ma was obtained from the
correlations of magnetochron boundaries at Island Beach (Van Fos- basal reworked zone of the overlying sequence (1350.0 ft [411.6 m];

sen, Chapter 22, this volume) are also shown (Fig. 9). Fig. 7); if we use 32.4 Ma as the minimum age of the top of Sequence
O1 (Sr age of 31.6 plus 0.8 m.y. error; Fig. 7) and assume a sedimen-
Sequence O1 tation rate of 11.4 m/m.y. (as at Island Beach), the hiatus may be as

short at 1.4 m.y. Although the sampling interval (10 ft [3.0 m]) and

Sequence O1, the oldest sequence in the New Jersey Oligocene age control are coarse in this sequence, a significant hiatus between
(composite age 32.8—-32.2 Mag; Fig. 2), is a thin sequence identified O1 and the Eocene is required, or mean sedimentation rates would be
only at Cape May (Fig. 7; 1360-1350.8 ft [414.5-411.7 m]) and Isless than 2 m/m.y. The Cape May O1 (Figs. 4, 7) sequence is assigned
land Beach (Fig. 9; 697—678 ft [212.4—206.7 m]). The lower boundto Zone P18 (Liu et al., Chapter 10, this volume) and is equivalent in
ing surfaces at both sites are identified by spikes in the gamma-rage to Biochron NP22. Assuming a sedimentation rate of 11 m/m.y.
log (Figs. 4, 6) and a change in lithology from clays below to shellas at Island Beach (Fig. 7), O1 at Cape May is dated as from ~32.0
and glauconite sand above. (i.e., the HO ofPseudohastigerina spp.) to 32.2 or 32.3 Ma (Fig. 2).

The O1 basal unconformity at Island Beach (Fig. 9) representsldowever, it is possible that the HORdeudohastigerina spp. is trun-
hiatus of ~0.9 m.y., indicated by the HO léntkenina spp. (33.7  cated; in this case, the sequence could be as old as 32.4-32.7 Ma. We
Ma) at 698 ft (212.8 m; Liu et al., Chapter 10, this volume) and theshow the age of this sequence at Cape May as uncertair3327
base of Zone NP22 (32.8 Ma) at 697 ft (212.4 m; Miller, et al., 1994Ma; Fig. 2).

Figs. 6, 9). The lower Oligocene equivalent of Biochron NP21 (i.e., The O1 sequence may correlate to the lowermost Oligocene Mays
the portion of the zone younger than the HOHahtkenina spp.; Landing unit (Owens et al., 1988) observed at the ACGS#4 borehole.
34.2-32.8 Ma) is not represented at Island Beach. The O1 sequentmwever, nannofossil data (Poore and Bybell, 1988) indicate that the
at Island Beach is assigned to Zone NP22 (Miller, et al., 1994) and Mays Landing unit is slightly older (Zone NP21) than the O1 se-
equivalent to Biochron P18 partim. The maximum duration of the segquence at Cape May and Island Beach and may, in fact, represent an-
quence at Island Beach is 32.8-32.3 Ma (i.e., Biochron NP22; minbther sequence.

mum sedimentation rate 11.4 m/m.y.).

The basal unconformity at Cape May represents a hiatus of &equence O2
much as 1.8 m.y. between the HOTafrborotalia cerroazulensis
cerroazulensis (33.8 Ma) at 1360 ft (414.5 m) and the HO of  Sequence O2 (composite age 30.8-29.9 Ma; Fig. 2) is represented
Pseudohastigerina spp. (32.0 Ma; Liu et al., Chapter 10, this vol- in all three boreholes (Fig. 2). At Island Beach (Fig. 6), it is thicker
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Figure 8. Atlantic City age vs. depth.

(95 ft [29.0 m]) than at Atlantic City (Fig. 5, 15 ft [4.6 m]) or Cape
May (Fig. 4, 36 ft [11.0 m]). The basal O2 sequence boundary isrec-
ognized at al three boreholes by (1) gamma-ray log increases at the
sequence boundaries (Figs. 4-6), (2) abrupt changes in the lithology
across the sequence boundaries (from clays below to clayey glaucon-
ite sand above; Figs. 4-6), and (3) abrupt shiftsin the benthic fora-
miniferal biofacies at Atlantic City and Cape May (Figs. 4, 5).

The sequence boundary at the base of O2 represents a significant
hiatus. At CapeMay (Figs. 4, 7), we estimate ahiatus of 1.3-1.6 m.y.
between Sequences O2 and O1 based on (1) the HO of Pseudohasti-
gerina spp. (32.0 Ma) below the sequence boundary (1351 ft, 414.6
m; Liu et al., Chapter 10, this volume), (2) the HO of T. ampliaper-
tura above (30.3 Ma; 1340 ft [408.5 m]), (3) two Sr-isotopic age es-
timates of 30.1 Ma above (1340 ft [408.4 m]; note that a third esti-
mate of 28.5 Maat thislevel is considered an outlier), and (4) theas-
sumption that sedimentation rates were 10-20 m/m.y. (Fig. 7).
Assuming the higher rate, O1 at Cape May (1350.8-1314.8 ft
[411.7-400.8 m]) isdated from ~30.4 to 29.9 Ma; assuming the low-
er rate, the sequence is ~30.7-29.6 Ma (Fig. 2).

At Atlantic City (Fig. 8), along hiatus (3.8 m.y.) separates Se-
quence O2 from the Eocene. The hiatusisindicated by the HO of Dis-
coaster saipanensis (34.2 Ma; Miller, et a., 1994) and Turborotalia
cerroazulensis cerroazulensis (33.8 Ma; Liu et a., Chapter 10, this
volume) at 1181 ft (360.0 m), and a Sr-isotopic age estimate of 30.4
Ma at 1178 ft (359.1 m; Fig. 8). The O2 sequence at Atlantic City

rates of 1820 m.y. (Fig. 8), we estimate the age of this sequence as
30.4 to 30.0 or 30.2 Ma (Fig. 2).

At Island Beach (Fig. 9), we estimate that a hiatus 6fl038m.y.
(Fig. 9) separates Sequence O2 from O1, based on the top of NP22
(32.3 Ma) at 680 ft (207.3 m; Miller, et al., 1994) and a Sr-isotopic age
estimate of 31.5 Ma at 677 ft (206.3 m). The O2 sequence at Island
Beach (Fig. 9, 697-602 ft [212.4—183.4 m]) is equivalent to Biochron
P19 partim and perhaps earliest P20, based on the FHQuwpliap-
ertura at 618 ft (188.4 m; Fig. 9) and three Sr-isotopic age estimates
of 31.5 Ma, 31.1 Ma, and 31.1 Ma, at 677, 668, and 663 ft (206.3,
203.6, and 202.1 m), respectively. A magnetically reversed interval
occurring between 658.5 and 612.15 ft (200.7 and 186.6 m) is tenta-
tively identified as Chronozone C12r (33.1-30.9 Ma; Van Fossen,
Chapter 22, this volume). However, it is possible to interpret this re-
versed polarity interval as Chron C11r. Best-fit lines among the mag-
netostratigraphic, biostratigraphic, and Sr-isotopic stratigraphic data
provide age estimates of either 30.8-30.1 Ma (assuming Chron C11r)
or 31.4-30.9 Ma (assuming Chron C12r) for O2 at Island Beach (Fig.
2). We prefer the interpretation of Chron C11r, because it results in
synchronous age estimates for O2 at all three sites (Fig. 2). Both in-
terpretations require high sedimentation rates%8Im/m.y.)

Sequence O3

Oligocene Sequence O3 is represented at Atlantic City (1166—

(1181-1166 ft [360—355.4 m]) is dated only by this Sr-isotopic agd 138 ft [355.4-346.9 m]) and Cape May (1314.8-1304.8 ft [400.8—
estimate and a limited nannofossil assemblage, placing it within Zorn@97.7 m]) and has a preferred age estimate of 29.0-28.3 Ma (Fig. 2;
NP 23 (32.229.9 Ma; Miller, et al., 1994). Assuming sedimentation straddling the early/late Oligocene boundary), although it is possible
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Figure 9. Island Beach age vs. depth.

that it is as young as 28.0 Ma. An unconformity marking the base of
the sequence at Atlantic City isindicated by alithofacies changefrom
aglauconitic silty clay below to a shelly glauconite sand above, and
a low-amplitude gammarray increase (Fig. 5). Sr-isotopic age esti-
mates clearly indicate a greater than 1-m.y. hiatus at this disconfor-
mity (Fig. 8). As noted above, the HO of Chiloguembelina cubensis
is attributed to reworking, asit is at Cape May. However, the HCO
(Fig. 8) of thistaxon fits very well with the Sr-isotopic age estimates
(Fig. 8). Assuming a sedimentation rate of 20 m/m.y. (Fig. 8), wees-
timatethat this sequence was deposited from 29.0to 28.3 Ma(Fig. 2).

At Cape May, an unconformity at the base of O3 isindicated at
1314.8 ft (400.8 m) by a sharp change in lithology from sandy clays
below to clayey glauconite sand above and is associated with an in-
creasein water depth. Sr-isotopic age estimates clearly indicateahia-
tusof at least 1.3 m.y. at thisunconformity (Fig. 7). Chiloguembelina
cubensis identified in the overlying sequence at Cape May is inter-
preted asreworked (i.e., it isabsent in O3 and itsHCO isin O2). The
age of this sequence is poorly dated at Cape May. Assuming a sedi-
mentation rate of 20 m/m.y. (Fig. 8) through the Sr-isotopic ages, we
estimate that this sequence was deposited from 28.1 to 28.0 Ma (Fig.
2). Assuming this rate fixed at the HCO of C. cubensis, the sequence
is28.5-28.4 Ma(Fig. 7); thisisthe preferred age because it resultsin
the same age for O3 at both sites (Fig. 2).

Sequence O4

dominant benthic foraminiferal species (from Biofacies G below to
Biofacies C above). Integrated biostratigraphy and Sr-isotopic
stratigraphy indicate a 0.8-m.y. hiatus between Sequences 04 and O3
(Fig. 8). The O4 sequence was dated by the HB. opima opima

(27.1 Ma; 1078 ft [328.6 m]) and four Sr-isotopic age estimates of
27.3,27.7,26.9,and 27.5Ma at 1117, 1123, 1124, and 1135 ft (340.5,
342.3, 342.6, and 345.9 m), respectively. A best fit through the Sr-
isotopic and biostratigraphic data indicates an age of 27.5-27.0 Ma
(Figs. 2, 8).

Sequence 05

Sequence O5 is observed at Atlantic City (1072-923 ft [326.7—
281.3 m]) and Cape May (1304.8-1300 ft [397.7—-396.2 m]) and has
a composite age of 27.0-25.6 Ma (Fig. 2), correlating it with Bio-
chron P22. At Atlantic City (Fig. 5), an unconformity marking the
base of O5 is indicated at 1072 ft (326.7 m) by an abrupt shift in li-
thology. The sequence is dated by four Sr-isotopic age estimates (one
duplicate) ranging from 26.8 to 25.9 Ma (Figs. 5, 8). There is no dis-
cernible hiatus at this site (i.e., it is less than 0.5 m.y.)

The basal unconformity at Cape May (1304.8 ft [397.8 m]) sepa-
rating Sequence O5 from the underlying O3 (Fig. 4) is indicated by a
shift in the benthic foraminiferal biofacies from G below to C above
and a shift in the lithology across the unconformity. At Cape May, we
estimate that a 1.8-m.y. hiatus is associated with the sequence bound-
ary (Fig. 7). The sequence is dated at Cape May by Sr-isotopic age

Sequence O4 is represented only at Atlantic City (1138—-1072 #istimates of 25.7 Ma at 1300 and 1302 ft (396.2 and 396.8 m) and
[346.9-326.7 m] Fig. 5) and is correlated to Biochron P21b. The bag6.7 Ma at 1303.8 ft (397.5 m; Figs. 4, 7). Assuming sedimentation
al disconformity (Fig. 5) is indicated by (1) a sharp gamma-ray infates of 1620 m/m.y. through a best fit of the three Sr-isotopic ages
crease, (2) an abrupt change in lithology from generally glauconitéFig. 8), we estimate that this sequence at Cape May was deposited
sand below to clays above, and (3) a shift across the boundary in thetween 26.2 and 26.1 or 26.0 Ma (Fig. 2).
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Sequence O6 areNonionella auris (27%, average percentag&piroplectammina
gracilis (16%), andQuinqueloculina seminulum (10%; Fig. 11).
Sequence O6, the youngest sequence detected in the New Jersey Nonionella spp. occur in inner neritic environments in the Gulf of
Oligocene, ispresent in al three boreholes (Figs. 4-6) and hasacom- Mexico (Poag, 1981). This biofacies was observed primarily in sam-
posite age estimate of 25.1-24.2 Ma, correlating it with late Biochroples consisting of quartz sand (within a coarsening-upward succes-
P22. The duration of the hiatus associated with the basal unconforngion), indicative of inner to inner middle neritic environments (Pekar,
ty is not well constrained because the hiatuses at Atlantic City (0.6995). The number of benthic foraminifers per gram (six) is low (Fig.
m.y.) and Cape May (1.1 m.y.) are based on Sr-isotopic ages alod®); raw diversity is also low (average number of species per sample
and thus are not or are barely within the resolution of this methoi 17). This indicates a high-stress environment, also suggesting a
(0.8 m.y.). Although a significant change in baselevel is indicated ahallow-water environment.
all three sites by lithologic changes and a gamma-ray log increase, a
shift in the benthic foraminiferal biofacies occurs only at Atlantic BiofaciesC
City. Thus, it is possible that Sequences O5 and O6 at Cape May and
Atlantic City may actually represent one sequence. In that case, the Biofacies C inhabited slightly deeper water than Biofacies B (in-
lithologic and benthic foraminiferal biofacies changes observed withner middle neritic, ~30-50 m). Benthic foraminiferal Biofacies C is
in this sequence could reflect two parasequences within on®@®5 represented by Factor 2 (13.7% of the total variance explained).
sequence. The age of O6 is constrained at Island Beach t22%1 Dominant species includBulimina gracilis (50% average percent-
Ma by integration of one Sr-isotopic age and a polarity sequence thagie),Nonionellina pizarrensis (9%), andBuliminella curta (5%, Fig.
is correlated to Chrons C6Cr—C7n (Fig. 9). At Cape May, Sr-isotope®2). Factor 2 is dominant for Cape May samples at 1275.9 ft (388.6
constrain the age of Sequence 06 to 2242 Ma, agreeing well m), 1247-1240 ft (380.0-378.0 m), and 1209 ft (368.5 m) and for an
with Island Beach. The age at Atlantic City is not well constrained. Atlantic City sample at 1124 ft (342.6 nB.gracilis occurs in mod-
ern shelf environments in the Gulf of Mexico (Poag, 19R1}izar-
Benthic Foraminiferal Biofacies: Atlantic City rendsis estimated to have a paleodepth range 8 20.B. curta has
and Cape May a modern depth range from inner to middle neritic (Bandy, 1964). In
two shallowing-upward successions (1249-1210 ft [380.7—368.8 m]
Changes in benthic foraminiferal biofacies represent changes ind 1210-1181 ft [368.8—-360.0 m]), Biofacies C is overlain by inner
habitat. Such changes in habitat result from environmental changggritic Biofacies A. This indicates a slightly deeper water-depth en-
including those that covary with water depth (Walton, 1964). Integravironment for Biofacies C than for Biofacies A. Raw diversity is 17
tion of benthic foraminiferal biofacies with lithologic data can bespecies per sample in Biofacies C, and the number of benthic fora-
used to constrain intrasequence facies changes, paleoenvironmentahifers per gram is 30 (Fig. 10); both are relatively low and are con-
conditions, and the relative magnitude of water-depth changes. Eighistent with a shallow-water environment. This biofacies is observed
benthic foraminiferal biofacies are recognized in the Leg 150X Oliwithin a lithology consisting of glauconitic clayey to silty fine-
gocene sections, named here Biofacies A through H, with Biofaciegrained quartz sand; it is interpreted as inner to inner middle neritic.
A representing species that lived in the shallowest waters and H the
deepest (Figs. 112). BiofaciesD

Biofacies A Biofacies D is interpreted as a middle neritic biofacies$8am).
It is represented by Factor 5 (7.7% of the total variance explained). It

Biofacies A is interpreted to have inhabited inner neritic paleods found at Cape May between 1271 and 1253 ft (387.4 and 381.9 m)
depths (<30 m) based on lithologic and faunal indicators. It is repreand at 1347 ft (410.6 m). Dominant species inclEgistominella
sented by Factor 6 (9.5% of the total variance explained), which igontoni (24%, average percentagé), curta (21%), andB. paula
dominant only in Cape May samples at 1200 ft (365.8 m) and bd21%).Epistominella spp. have been observed as a dominant species
tween 1212 and 1233 ft (369.4 and 375.8 m). Dominant species anear the Mississippi delta (high sedimentation rates) in outer middle
Nonionellina pizarrensis (36%, average percentagBljiminagraci- neritic (to abyssal) environments (Poag, 1981¢urta occurs in in-
lis (17%),Hanzawaia spp. (12%), an@ibicides spp. (5%; see Pekar, ner to middle neritic environments along the west coast of Central
1995 for percentage data; data are available on request from the &merica (Bandy, 1964) and in the Gulf of Mexico (Poag, 19B1).
thors). Buliminella curta is an important taxon as shown by factor paula is morphologically similar to the modeB lowmani, which
scores, although it is always subordinatBitgracilis. We interpret ~ dominates along the Texas coast in outer shelf to upper bathyal
N. pizarrensis as an inner neritic taxon based on (1) its associationlepths (Poag, 1981). This biofacies averages 29 specimens per gram
with medium- to coarse-grained quartz sand, indicative of inner neef sample; raw diversity is 18 species per sample (Fig. 10). Biofacies
itic environments; (2) high species dominance within this biofaciesP is observed in the lower part of a well-developed shallowing-
(3) low planktonic percentages within this biofacies; and (4) a similaupward succession at Cape May (1271-1209 ft [387.4—-368.5 m]). It
taxon,Nonionella atlanticus, which has a modern depth range of 20—occurs in the lower clayey glauconite sands and clays and is overlain
50 m, with the highest abundance at 20 m (Schnitker, 1971). The gby glauconitic silts and fine-grained quartz sands (Biofacies C) to
nusHanzawaia has been identified in inner to middle neritic environ- medium- to coarse-grained quartz sands (Biofacies A), providing an
ments in the Gulf of Mexico (Poag, 1981) and off the North Carolindndication of the relative bathymetric position of these biofacies.
coast (Sen Gupta and Kilborne, 1976). Biofacies A has an average of
five benthic foraminifers per gram; raw diversity (number of speciediofacies E
per sample) averages 14 species per sample (both are the lowest ob-
served in this study). This is the shallowest water biofacies encoun- Biofacies E is similar to the middle neritic Biofacies D, but E in-

tered in the Leg 150X Oligocene sections. habited slightly deeper water depths (middle to outer middle neritic
environment, 50-100 m). It is represented by Factor 7 (6.7% of the
BiofaciesB total variance explained) and is found in Atlantic City samples be-

tween 1179 and 1156 ft (359.4 and 352.3 m). Dominant species are
Biofacies B is observed only at Atlantic City (989-980 ft [301.4—Epistominella pontoni (26%, average percentageyigerinaspp. U.
298.7 m]) and is the shallowest water biofacies (inner neritic, <30 nmuttalli and U. glabrans dominate, 25%)Bolivina paula (14%), and
Fig. 10) identified there. It is represented by negative loadings ofslobocassidulina subglobosa (7%). An outer middle neritic and
Factor 9 (Fig. 11; 3.8% of variation explained). The dominant speciedeeper environment is interpreted based on the dominaBcgai-
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Figure 10. Paleobathymetry of benthic foraminifers for the Leg 150X Oligocene.

la, E. pontoni, and Uvigerina spp. This biofacies has an average of 43
benthic foraminifers per gram; raw diversity is 23 species per sample
(Fig. 10). Thelithology associated with Biofacies E often consists of
clayey glauconite sand, consistent with a middle to outer neritic en-
vironment.

Biofacies F

Biofacies F inhabited an outer middle to inner outer neritic biofa-
cies(75-125m) and isidentified over an extensive section of the Oli-
gocene at Atlantic City. It isrepresented by Factors 1 and 3. Factor 1
is dominant for Atlantic City samples between 1114 and 1102 ft
(339.5 and 335.9 m) and at Cape May between 1303 and 1294 ft
(397.3 and 394.4 m). Factor 3 is dominant at Atlantic City between
1091 ft and the poorly recovered interval below 1000 ft (332.5 and
304.8 m). The two factors explain 26.0% of the total variance. Dom-
inant species for Factor 1 are Uvigerina juncea (36%, average per-
centage) and Globobulimina auriculata (13%). Trifarina bradyi is
the dominant species for Factor 3 (33%), followed by U. juncea
(12%) and B. paula (6%).

The modern depth range of T. bradyi in the Gulf of Mexico is es-
timated by Phleger and Parker (1951) as outer middle neritic and
deeper. G. auriculata has been observed in outer neritic environ-
ments along the northeast Atlantic margin (Kafescioglu, 1975). This
biofacies occursin alithology of fine-grained clayey glauconite sand
and occasionally with alow percentage of silts and very fine-grained
quartz sand, indicative of middle to outer neritic environments
(Pekar, 1995). Raw diversity is second highest of the biofacies, with
an average of 27 species per sample (Fig. 10). Biofacies F contains
the highest number of benthic foraminifers per gram (216).

Biofacies G
Biofacies G occupied the second deepest water depths (outer ner-

itic environment, 100-150 m) in the Leg 150X Oligocene sections. It
is represented by Factor 4 (8.1% of the total variance explained) and

isfound at Atlantic City between 1149 and 1135 ft (350.2 and 345.9
m) and at Cape May between 1307 and 1305 ft (398.4 and 397.8 m).
Dominant species are G. auriculata (20%, average percentage), Tri-
farina angulosa (18%), and G. subglobosa (11%).

T. angulosa is observed in modern outer neritic environments
aong the northeast Atlantic margin (Kafescioglu, 1975; Sen Gupta,
1971) and along the modern North Carolina shelf edge (60-140 m;
Schnitker, 1971). Specimens@lobobuliminaauriculatain Atlantic
City and Cape May samples are often thin walled, suggesting a low-
oxygen environment. This is based on the observation by Miller and
Lohmann (1982) that modern, thin-walled #@rriculata specimens
favor oxygen-minimum zones. Kafescioglu (1975) estimated an out-
er neritic environment fo®. auriculata. G. subglobosa is found in
outer neritic to abyssal depths in the Gulf of Mexico by Poag (1981)
and on the Georgia shelf and deeper by Sen Gupta and Kilborne
(1976).Tiptonina nodifera, a minor species in Biofacies G, was pos-
itively identified only in Atlantic City samples at 1145 ft (349.0 m).
T. nodiferais among the deepest water benthic foraminifers observed
in the New Jersey Oligocene, with an estimated paleodepth of upper
bathyal (Lamb and Miller, 1984). In other samples within Biofacies
G, specimens of. nodifera were poorly preserved, resulting in un-
certain identificationB. jacksonensis, also a minor species, was ob-
served only in the two deepest water biofacies (G and H) and is ob-
served in outer neritic to upper bathyal environments (Van
Morkhoven et al., 1986). Biofacies G has a relatively high number of
benthic foraminifers per gram (148) and moderate raw diversity (av-
erage of 21 species per sample). Biofacies G is often observed in a
lithology consisting of clayey glauconite sand, consistent with a
deep-water interpretation for Biofacies G.

BiofaciesH
Benthic foraminiferal Biofacies H inhabited the deepest water
(outer neritic, ~106200 m) and is represented by Factor 8 (5.5% of

the total variance explained). Factor 8 is found at Cape May between
1354 and 1351 ft (412.7 and 411.8 m; Fig. 12). It is also found in two
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Figure 12. Factors and associated species, generalized stratigraphic column, and Oligocene sequences represented at Cape May.

samples at Atlantic City, 1000 and 958 ft (304.9 and 292.1 m), d-
though preservation in the latter sample is poor and loading on this
factor may be spurious. Globocassidulina subglobosa is the domi-
nant speciesin Factor 8 (22%, average percentage), followed by Uvi-
gerina elongata (10%). Gyroidinoides soldanii aso is an important
taxon (Fig. 12). G. subglobosa occurs near the shelf break and in the
upper bathyal zone and deeper in the Gulf of Mexico (Poag, 1981)
and at the shelf break off the North Carolina coast (Sen Gupta and
Kilborne, 1976). This speciesis used as an indicator of deeper water
depths for paleobathymetry for the Oligocene samples. U. glabrans
and Bulimina jacksonensis are minor species present when Factor 8
is dominant. U. glabrans is interpreted as upper bathya (Boersma,
1984) and B. jacksonensisis interpreted as at outer neritic and upper
bathyal (Van Morkhoven et al., 1986). Biofacies H containsthe high-
est raw diversity of benthic foraminifers with an average of 31 spe-
cies per sample, suggesting a deeper water, more stable environment.
The average number of benthic foraminifers per gram is 88. The li-

Sequence O1

The oldest New Jersey Oligocene sequence, O1, occurs at Cape
May (Fig. 4) and Island Beach (Fig. 6) where it has similar litholo-
gies. At Cape May, the basal surface is lost in a coring gap. However,
the lowest recovered portion consists of thin shells (1354.5-1352.5 ft
[412.9-412.2 m]) grading upsection to clayey glauconite sand
(1352.5-1350.8 ft [412.2—411.7 m]). At Island Beach (Fig. 6), the
base is recognized by a change from clays below to weathered shells
above (697-696 ft [212.4-212.1 m]), which is in turn overlain by bur-
rowed glauconitic quartz sand (696-678 ft [212.1-206.7 m]). Biofa-
cies H dominates the sequence at Cape May (Fig. 12), representing
the deepest water fauna observed in the Leg 150X Oligocene sec-
tions. The entire sequence at Cape May consists of glauconitic clayey
silts that are assigned to the TST (Fig. 4); the HST is apparently trun-
cated. At Island Beach, quartz sand increases at the top of the se-
quence, representing a thin, truncated HST (Fig. 6).

thology from 1354 to 1351 ft (412.7-411.8 m) at Cape May consists
primarily of clayey glauconite sand and glauconitic clays, consisterfsequence O2

with a middle to outer neritic environment.

Paleoenvironments and System Tract | nterpretation

Sequence O2 is the thickest and most widespread lower Oli-
gocene sequence and is represented at all three sites. At Cape May
(Fig. 4), the TST glauconite sands and the lower HST silts compose

Paleoenvironments and system tracts are interpreted by integrahe entire sequence (1350.8-1314.8 ft [411.7-400.8 m]). The base of

ing lithofacies, benthic foraminiferal biofacies, and gamma-ray logthe sequence (1350.8-1342.0 ft [411.7-409.0 m]) consists of a silty
data (Figs. 46). At Cape May and Island Beach, lower and upper-glauconitic fine-grained quartz sand that fines upward to clayey glau-
most Oligocene sequences are well represented. At Atlantic Citgonite sand (1342-1328 ft [409.0—407.8 m]), indicating a deepening-
mid-Oligocene sequences are also represented. upward section. A deepening-upward succession is also indicated by
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the benthic foraminiferal biofacies: Biofacies D (middle neritic) lies 3. ashiftin the biofacies from C at 1124 ft (342.6 m, inner middle
just above the base of the sequence and is overlain by Biofacies F neritic) to F (outermost neritic).
(outer middle neritic to outer neritic). A MFSisindicated at 1340 ft
(408.5 m) based on (1) the highest concentration of benthic foramin- A MFS occurs at ~1115 ft (~339.9 m) based on (1) the maximum
ifers (Fig. 4), (2) a high percentage of Uvigerina spp. (80%+) evi- abundance of benthic foraminifers at 1024 ft (342.7 m), (2) the max-
denced by high loadings on Factor 1 (Fig. 12), and (3) the highest imum glauconite sand percentage at ~1110 ft (338.4 m), and (3) a
concentration of glauconite (>90% of the sand fraction; Fig. 4). This shelly interval at the latter level. The HST (~1095-1072 ft [333.8—
placesthe TST between 1350.8 and 1340 ft (411.7 and 408.5m). The 326.7 m]) can be divided into a lower clay (up to 80% clays) and an
HST (1340-1314.8 ft [408.5—-400.8 m]) shallows upsection, as indiupper sandier unit (15% at 1099 ft [335.0 m], increasing to 50% at
cated by a drop in glauconite and an increase in clays in the lower pd@91 ft [332.5 m]).
(1332 to 1314.8 ft) and an increase in fine-grained quartz sand in the
upper part (~1320 ft and 1314.8 ft [402.3 and 400.8 m]). A dissoluSeguence O5
tion zone (1327-1314.8 ft [404.5-400.8 m]) limits the environmental
interpretation of the upper part of the sequence. The O5 sequence is represented at Cape May and Atlantic City.
The 02 sequence at Atlantic City (Fig. 5; 1181.2-1166 ft [360.0-The sequence at Cape May (Fig. 4; 1304.8—-1300 ft [397.7-396.2 m])
355.4 m]) consists of a clayey glauconite sand, associated with beis-thin (4.8 ft [1.5 m]) and appears to be truncated. A rapid water-
thic foraminiferal Biofacies E (middle—outer neritic). We assign thedepth increase within this thin sequence is indicated by a change from
entire sequence to the TST; the HST appears to be truncated. Biofacies C at 1303.8 ft (397.4 m) to Biofacies F at 1302 ft (396.8 m).
The O2 sequence at Island Beach (Fig. 6; 678—602 ft [206.7We interpret the entire sequence as TST; the HST apparently was
183.5 m]) is the thickest lower Oligocene sequence observed in Netnuncated.
Jersey (76 ft [23.2 m]). It was deposited in a middle to outer neritic At Atlantic City (Fig. 5), Sequence O5 (1072-923 ft [326.7—281.3
environment. The TST (678-622 ft [206.7-189.6 m]) consists ofn]) is a thick transgressive/regressive sequence. The TST (1072 to
clayey fine- to medium-grained glauconite sands (24086). ~1060 ft [326.7—323.1 m]) consists of a basal clayey shelly sand unit,
Above a possible MFS at 622 ft (189.6 m), glauconite sand decreasegerlain by a clayey glauconite sand. We place the MFS at ~1060 ft
in size and slightly in abundance, whereas clay increases upsection(823.1 m) based on (1) lithofacies and benthic foraminiferal changes,
602 ft (183.5 m). Dissolution of benthic foraminifers limits the paleo-which indicate a deepening from 1072 ft (326.7Thradyi andB.
environmental interpretation. The decrease in glauconite sand and thyeacilis) to 1062 ft (323.7 mJ. bradyi andG. subglobosa); (2) the
increase in clays and silts above 622 ft (189.6 m) is interpreted as thgghest concentration of benthic foraminifers at 1062 ft (323.7 m);
lower HST. The upper part of the HST (quartz sand facies) appeassid (3) the highest abundances of glauconite (BI%b) between

to be truncated. 1062 and 1055 ft (323.7 and 321.6 m; Fig. 5). Clays increase at 1055
ft (323.7 m), indicating the lower HST. The only core recovered be-
Sequence O3 tween 1053 and 1001 ft (321.0 and 305.2 m) was a silty clay with lit-

tle sand (<1%); the position of this and the lithologic change from the

Sequence O3 is represented at Cape May (1314.8-1304.8sitty clays and glauconite sand of the Sewell Point Formation below
[400.8—-397.7 m]) and Atlantic City (1166—1138 ft [355.4—340.8 m]).to the quartz and glauconite sands of the Atlantic City Formation
At Atlantic City (Fig. 5), water depths rapidly increase in the TSTabove (see Pekar et al., for designation and discussion of these units)
(1166-1145 ft [355.4—-349.0 m]) from inner to outer neritic, as indi-is uncertain. Fine- to medium-grained quartz (over 50%) is found at
cated by glauconite sand increasing to over 50% as quartz sand d®00 ft (304.8 m), indicating the lower HST and a shallowing from
creases from 15% to <5%, and a shift in the benthic foraminiferal biamiddle to inner neritic paleodepths (Fig. 5). Preservation of benthic
facies from Biofacies E below to Biofacies G. A shallowing-upwardforaminifers decreases dramatically upsection; above 959 ft (292.3
lower HST (1145-1138 ft [349.0-340.8 m]) is indicated by a deim), benthic foraminiferal biofacies are indeterminate. However, from
crease in glauconite sand (57%-23%) and an increase in clay (~3QP001 to 959 ft (305.1-292.3 m), a shallow-water environment is in-
to >70%; Fig. 5). Upper HST sands are absent, probably caused Hicated by Biofacies B and high quartz sand percentages—50%
truncation. 70%).

The O3 sequence at Cape May (Fig. 4) shows a rapid water-depth
increase across the basal unconformity, as indicated by clays bel@®eguence O6
the sequence boundary and clayey glauconite sand above. The TST
is represented by glauconite sand (1314.8-1308.8 ft [400.8—-398.9 Sequence 06 is represented at all three boreholes. At Cape May
m]). An increase in silts and fine-grained quartz sands from 1308.8 t@-ig. 4), it extends from 1300 to 1181 ft (396.2—-360.0 m; Fig. 4). The
1304.8 ft (398.9-397.7 m) is interpreted as the lower HST (Fig. 4). AST is placed near the base of the sequence (1290 ft [393.1 m]) based
dissolution zone between 1314.8 and 1310 ft (400.8 and 399.3 rop the high glauconite, and the HST probably encompasses the rest
limits the environmental interpretation; however, benthic foramin-of the sequence. The lower HST (1290-1261 ft [393.2-384.4 m])
iferal biofacies indicate an outer neritic environment from 1307.8 taonsists of silty clay, and the upper HST comprises a classic coarsen-

1305.8 ft (398.6—398.5 m, Biofacies G). ing-upward succession (1261-1209 ft [384.4—-368.5 m]). Benthic for-
aminifers also indicate a shallowing from 1268 to 1210 ft (386.5—
Sequence O4 368.8 m) because of the presence of Biofacies D between 1271 and

1253 ft (387.4 and 381.9 m, middle neritic), Biofacies C between

The O4 sequence is represented only at Atlantic City (Fig. 51247 and 1240 ft (380.7 and 378.0 m, inner middle neritic), and Bio-
1138-1072 ft [346.9-326.7 m]). An increase from inner middle tdfacies A between 1233 and 1212 ft (375.8 and 369.4 m, inner neritic).
outermost middle neritic paleodepth occurs in the TST (1138-109%his is the only Oligocene sequence containing a relatively intact up-

ft [346.9-333.8 m]) based on: per HST while also preserving the calcareous microfauna.

Embedded within this bathymetric signal are minor water-depth
1. a decrease in fine-grained quartz sand (from 27% to 8% behanges indicative of parasequences or fourth-order cycles (Fig. 4).
tween 1124 and 11009 ft [342.6 and 338.0 m)), From 1300 to 1275 ft (398.1-387.1 m), three thin shallowing-upward

2. anincrease in glauconite sand from 3% at 1135 ft (345.9 m) teuccessions (1300-1290.6 ft [397.8-393.2 m], 1290.6-1279.0 ft
over 30% between 1109 and 1099 ft (342.6 and 335.0 m), an{393.2—389.8 m], and 1279.0-1274.9 ft [389.8—-388.6 m]) consist of
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glauconite sand at the base, followed by glauconitic clays, glaucon- tus (29.9-29.0 Ma) associated with the base of Sequence O3 appears
itic silts, and capped by glauconitic fine-grained sands. A relatively to correlate with the Qi3*0 increase (30.0 Ma); we attribute the
thick parasequence occurs between 1274.9 and 1210 ft (388.6 and slight (0.1 m.y.) discrepancy to age uncertainties of this sequence at
368.8 m). The basal surface is indicated by (1) a sharp change in Cape May. A hiatus (28-27.5 Ma) associated with the base of Se-
lithology from clays below to shelly glauconitic medium- to coarse- quence 04 correlates with Oi2a (28.3 Ma). There is no discernible hi-
grained quartzose sand above, (2) an abrupt shallowing from Biofa- atus associated with the base of Sequence O5; however, this sequence
cies C (inner middle neritic) below to Biofacies D (middle neritic) boundary (27.0 Ma) correlates well (within 0.1 m.y.) with the Oi2b
above, and (3) a shift in the dominant species assemblages. These (27.1 Ma)d*0 increase (Fig. 2). The lower Miocene KwO basal se-
four parasequences are recognized in the gamma-ray log by a sharp quence boundary (hiatus 2423.6 Ma; see Miller et al., Chapter 14,
spike at their bases (Fig. 4). Another coarsening-upward succession this volume) correlates very well with the Mil (23.7 M&JO in-
occurs from 1210 to 1181 ft (368.8-360.0 m). A flooding surface icrease. The basal 06 sequence boundary (hiatus2Z616Ma) may
indicated at 1210 ft (368.8 m) by (1) a sharp gamma-ray peak, (2)@rrelate with a minod'®O increase at 25.0 Ma (i.e., the 0.1-m.y. dis-
lithologic change from coarse-grained quartzose sands below wepancy is well within the age errors). Maxim@#O values at-
clayey fine to medium quartzose glauconitic sands above, and (3)tained at this time (1.6%o) are significantly lower than the majf@
shift from Biofacies A (inner neritic) below to Biofacies C (inner events, and ice is not required at this time, although'#eincrease
middle neritic) above (Fig. 4). (0.6%o) is substantial enough that it probably reflects ice accumula-
The 06 sequence at Atlantic City is bounded by unconformabléon and a minor sea-level lowering (Pekar and Miller, 1996). We
surfaces consisting of thick shell beds dominated by oysters at 92®nclude that there is an excellent correspondence between the tim-
and 914 ft (281.3 and 278.6 m; Fig. 5). These beds are similar to tivgy of 880 increases and sequence boundaries. Becaugéthia-
shell beds observed in the Maryland Miocene sequences (Kidweltreases must reflect glacioeustatic lowering, this links the formation
1989) and are interpreted as transgressive lags deposited in the studlsequence boundaries to eustatic falls.
lowest part of the TST. The shell bed at Atlantic City grades into
clayey sandy glauconite from 920 to 914 ft (280.4-278.6 m). This Comparing New Jer sey Oligocene Sequences
deepening succession is truncated by the next shell bed that is part of with the Exxon Cycles
the overlying sequence (KwO; see Miller et al., Chapter 14, this vol-
ume for discussion of this sequence). We suggest that the entire se-The Exxon eustatic record (Hag et al., 1987) indicates that six
quence is composed of the TST and that the HST is not preservedthird-order sea-level cycles occurred during the Oligocene to earliest
Sequence O6 at Island Beach extends from 602 to 505 ft (183.%#iocene (Haq et al., 1988; Fig. 2): TA4.4, TA4.5, TB1.1, TB1.2,
153.9 m; Fig. 6). The section from 602 to 558 ft (183.5-170.1 m) corfB1.3, and TB1.4. Differences in time scales complicate compari-
sists of clayey fine to medium glauconite sand (TST; Fig. 6). Glausons with Haq et al. (1987). We calibrated the Haqg et al. (1987)
conite sand decreases and clays increase in the lower HST (558-5€Qord to the Berggren et al. (1995) time scale by interpolating be-
ft [170.1-164.6 m]); medium quartz sands increase in the HST (54Gween three points:
505 ft [164.6—153.9 m]; Fig. 6). Dissolution of the calcareous fossils

in this sequence limits the environmental interpretation. 1. Miller et al. (1993) revised the correlation of the TB1.1 se-
quence boundary to latest Chron C11r (~30.0 Ma on the Berg-
gren et al. [1995] time scale).
) DISCUSSION 2. The age of the Oligocene/Miocene boundary should be revised
Comparing New Jersey Sequences from 25.5 Ma (Haq et al., 1987) to 23.8 Ma (Berggren et al.,
with a Glacioeustatic Proxy 1995).

3. The Eocene/Oligocene boundary is 33.7 Ma.

Glaciomarine sediments ad®O changes (Miller et al., 1987) in-
dicate that large ice sheets have grown and decayed since at least theThe six Oligocene sequence boundaries recognized by Haq et al.
earliest Oligocene. Miller et al. (1991) detected four benthic foramin{1987) show good correlation to the unconformities observed in the
iferal 380 Oligocene to earliest Miocene increases (Fig. 2), Oil, Oi2New Jersey Oligocene (Fig. 2). A hiatus dated from 28.2 to 27.5 Ma,
0i2b, and Mil, with maximund'®O values at 33.5 (Chron C13n), occurs between the New Jersey Sequences O3 and O4. However, the
30.0 (latest Chron C11r), 27.1 (Chron C9n), and 23.8 Ma (Chroilaq et al. (1987) eustatic record does not indicate a sea-level fall at
C6Cn; Fig. 2) and inferred these to reflect, in part, glacioeustatic lowthis time. Thed'®O record does detect@®O increasat 28.3 Ma
erings. These increases are associated with subtropical planktor{i®i2a; Fig. 2)The correlation of thig*®O increase with the sequence
510 increases, suggesting at least some ice growth at these timtesundaries observed in the New Jersey Oligocene sequences indi-
(Miller et al., 1987, 1991). In addition, the Oi1, Oi2, and Mil increas-cates that a eustatic fall may have occurred during this time. We also
es (Fig. 2) appear to be associated with glaciomarine sediments mote a possible sequence boundary between O1 and the lowermost
Antarctica, again suggesting a glacioeustatic component to the i®ligocene Mays Landing unit, which has no corresponding equiva-
creases (Miller et al., 1991). Three other Oligoc8¥© increases lent in the Haq et al. (1987) record.
were recognized by Pekar and Miller (1996) at 32.8 (Oila, early

Chron C12r), 31.7 (Oilb, mid Chron C12r), and 28.3 Ma (Qi2a, Tectonics and Sequences
Chron C10n.1n).
We compare the Leg 150X Oligocene sequences tad'fie Correlation of the three New Jersey boreholes shows that most of

record to determine if unconformities observed were controlled prithe lowermost and uppermost Oligocene sequences and their bound-
marily by eustasy (Fig. 2). A comparison of ##0 increases with ing unconformities correlate well from site to site (Fig. 2). It also
the Oligocene sequence boundaries shows good correlation. shows that there were two major depositional centers during the early
The unconformity at the base of Sequence O1 represents a hiat@igocene (Biochrons P+®20): one to the south (i.e., into the Sal-
(32.8-32.2 Ma) that encompasses both well-known Oil (33.5 Ma)sbury embayment; see Owens et al., Chapter 2, this volume for loca-
and newly recognized Oila (32.8 M&¥O increases (Fig. 2). The tion) and the other to the north near Island Beach. The thinnest lower
Mays Landing unit at the ACGS#4 borehole appears to have been deligocene downdip sections occur near Atlantic City (Figs.-13A
posited between the Oil and Oi®80 increases (Fig. 2). Further 13D). However, during most of the mid-Oligocene (Biochrons P21a
study is needed to corroborate this. P21b), Atlantic City sequences are relatively thick and continuous,
A hiatus (32.230.8 Ma) associated with the O2 sequence boundwhereas sequences at Island Beach and Cape May are thin or absent,
ary correlates well with Oi16*0 increase (31.7 Ma; Fig. 2). A hia- suggesting that the depositional center shifted to near Atlantic City.
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Deposition resumed at al three sites during the late Oligocene (Bio- A B
chrons P22); however, the thickest sequences observed remained
near Atlantic City. Miller and Sugarman (1995) suggested that in-
creased sediment supply can cause local flexural subsidence. This
process can explain the differential preservation of mid-Oligocene
sequences. | n contrast, Benson (1990) attributed the absence of upper ool Phiadelphia |
Oligocene stratain the Lewes, DE well (~30 km from Cape May; Fig. b
13) to faulting and uplift. Further study will be needed to determine
the cause of this abrupt change in depositional history between the
Lewes well and the Cape May borehole. 5930

Differential preservation of coastal plain sections (such as the
mid-Oligocene) has been attributed to tectonics for some time.
Owenset a. (Chapter 2, thisvolume) termed the progressive shifting
in basin depocenters the “rolling basin” concept. Brown et al. (197, =
suggested that coastal plain tectonics was caused by faulting of crt Lewes
al blocks. Benson (1994) suggested that ~250 m of shoaling occur
at Lewes, DE between the early Oligocene and the earliest Mioce ¢
(Fig. 1). He ascribed this by a combination of eustatics and faultir
tectonics. However, we found no evidence for paleodepths grea
than outer neritic at our nearby Cape May borehole. In contrast, \
estimate ~4660 m of shallowing across the mid-Oligocene discon
formity at Cape May (Fig. 4). Backtracking (Steckler and Watts . | e
1981) of Cape May and Atlantic City indicates that less than 50 m ]
differential subsidence can explain the stratal patterns (Miller et a
Chapter 27, this volume). Nevertheless, further studies of the O
gocene section between Island Beach and Lewes are needed to d = =]
ment fully the nature and cause of the mid-Oligocene tecton
change.
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Changesin Sedimentation and Sequence Architecture

Large climatic changes may explain differences in sequeni _ ] )
stratigraphic architecture between lower and upper Oligocene < Figure 13. A. Isopach Map for thelower Oligocene (Biochrons P18 and P19),
quences. Lower Oligocene sequences are typically thinner than t Using data from Allaire, Island Beach, Atlantic City, Jobs Point, ACGS#4,
upper Oligocene counterparts and are composed mainly of TSTs ¢ Leggette, Cape May, and Lewes wells. B. Isopach map for the mid-Oligocene
truncated lower HSTs (the only exception is the O2 sequence (BiochronsP20-P21b), using data from Allaire, Isiand Beach, Atlantic City,
Island Beach, which has a thick HST). This is in sharp contrast Jobs Point, ACGS#4, Leggette, Cape May, and Lewes wells. C. Isopach map
thick upper Oligocene sequences that contain thinner, less develo| for the upper Oligocene (Biochron P22), using data from Allaire, Island
TSTs, and thick, extensive HSTs that include upper HSTs (e.g., gle Beach, Atlantic City, Jobs Point, ACGS#4, Leggette, Cape May, and Lewes
conitic medium-to coarse-grained quartz sands facies). wells. D. Isopach Map for the entire Oligocene, using daa from Allaire,
The amplitude of sea-level change influences the relative distrib !Sland Beach, Atlantic City, Jobs Point, ACGS#4, Leggette, Cape May, and
tion and thickness of the systems tracts within a sequence (Steckle Leweswells.
al., 1993). Increased amplitude would result in a thicker and more ¢
veloped TST and the diminution of the HST within a sequence. Fui
example, during the Pliocene—Pleistocene (a time of high-amplitudéiclastic deposition began offshore in the Baltimore Canyon Trough
sea-level changes), New Jersey shelf sequences were relatively thaout 25 Ma, agreeing well with our data.
composed almost entirely of TST, and contained only severely trun- Oligocene sequences display one depositional peculiarity: they
cated HSTs (Carey et al., 1995). This pattern is reminiscent of lowerontain abundant recycled glauconite. This recycled glauconite is ob-
Oligocene sequences in New Jersey, which are often thin and conssgtrved in the HSTs (when preserved) of Oligocene sequences, but is
of TSTs and truncated HSTs. This implies that the sequence stratare to lacking in HSTs from other epochs. BH® records indicate
graphic architecture for the early Oligocene in New Jersey was comhat there were several Oligocene glaciations and deglaciations (Fig.
trolled by higher amplitude glacioeustatic changes. This agrees welt Miller et al., 1991). The rapid eustatic falls resulting from ice-
with deep-sea benthic foraminiferd#O records, which suggest volume buildup allowed subaerial exposure and erosion of older
high-amplitude sea-level fluctuations (Zachos et al., 1996). Eocene and Cretaceous glauconitic sediments. The eroded glauconite
The preservation and architecture of lower vs. upper Oligocenwas re-deposited in the HST during the Oligocene. Low sedimenta-
sequences is also influenced by longer term changes in sediment stipn rates (1620 m/m.y.) also indicate that the shelf was starved of
ply on the New Jersey Margin (Miller et al., 1996b). These changesiliciclastic input, favoring not only formation of in situ glauconite,
include the switch from carbonate ramp development during thbut also the nondilution of detrital glauconite by other clastics.
Eocene to sediment starved shelves during the early Oligocene and
prograding clinoforms during the ?late Oligocene to earliest Miocene
(Miller et al., 1996b). The thin lower Oligocene glauconitic sequenc- CONCLUSIONS
es are consistent with this pattern. The relatively thick clastic upper
Oligocene deposits may represent the switch from the sediment A composite of the three Leg 150X New Jersey Coastal Plain
starved shelfal deposits and the initiation of the prograding clinoboreholes indicates six Oligocene sequences (three lower Oligocene
forms. This suggests that a major increase in clastic sedimentatiand three upper Oligocene). Six of seven Oligocene to lowermost
occurred in the late Oligocene (~2Z% Ma) on the New Jersey Mar- Miocene sequence boundaries correlate to n@jar increases, im-
gin. Poag and Sevon (1989) observed that a dramatic increase in glying that the unconformities are glacioeustatically controlled. One
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additional sequence boundary correlatesto aminor &0 increase. Six
third-order Oligocene eustatic cycles of Haq et a. (1987) correlate
with the New Jersey Oligocene segquences. A sequence boundary ob-
served at 28.3 Main New Jersey does not correl ate with any sequence
boundary in the Haq et al. (1987) inferred eustatic record; however,
this sequence boundary correlates with a 8'#0 increase, suggesting
that itisprimarily aresult of eustatic lowering. We concludethat Oli-
gocene sequences were controlled primarily by eustasy, although se-
quence variations observed during the mid-Oligocene were influ-
enced by local tectonics and sediment supply.
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