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23. GLOBAL SIGNIFICANCE OF AN ISOTOPIC RECORD

FROM THE NEW JERSEY COASTAL PLAIN: LINKAGE BETWEEN THE SHELF AND

DEEP SEA IN THE LATE PALEOCENE TO EARLY EOCENE?!

Dorothy Pak,?® Kenneth Miller,>* and James Browning®

ABSTRACT

Stratigraphic correlation between shallow-water and deep-sea sections has proven notoriously difficult because of hiatuses,
diachrony of marker species, and diagenesis on the shelf. Isotope stratigraphy, biostratigraphy, and magnetostratigraphy reveal
that sedimentation on the New Jersey Margin (Island Beach borehole) was relatively continuous during the late Paleocene and
early Eocene (~58-52.5 Ma). All planktonic foraminiferal and calcareous hannofossil zones are represented at Island Beach.
However, two disconformities are recognized in the upper Paleocene to lower Eocene section: a physical surface (lithologic
change) at the Vincentown/Manasguan contact (uppermost Paleocene), which has a hiatus of ~0.3 m.y., and a ~0.4-m.y. gap
associated with a paraconformity in the lower Eocene section.

Stable isotopic data from the New Jersey Margin indicate that this neritic section can be successfully correlated to the deep
sea using 3'3C and 580 of benthic foraminiferal calcite. Comparison between the |sland Beach and global isotopic records (as
represented by deep Pacific Site 577) shows that Island Beach parallels the global trend in both 80 and 5'3C. All mgjor fea-
tures of the late Paleocene to early Eocene global isotopic record are preserved, including general 3'0 decrease, step-like 3'3C
decrease, and the well-known latest Paleocene 83C excursion. We recognize three 1- to 1.5-m.y. 8'3C steps over our interval of
study at both Island Beach and the deep Pacific (~56.6-55.8 Ma; ~55.5-54 Ma; ~53.6-52.6 Ma). These steps are correlative
with intervals of increased paleodepth, as indicated by benthic foraminiferal biofacies studies, and decreased 'O values. We
suggest alink between increased temperature and sea level, and reduced organic carbon burial in the deep sea.

Previous workers identified a latest Paleocene benthic foraminiferal faunal change on the New Jersey Margin (Clayton
borehole). They suggested that this faunal turnover was the neritic correlative of the well-known latest Paleocene benthic
extinction event. Our data indicate that at Iland Beach, uppermost Paleocene &°C and 380 excursions occur above the dis-
conformity and the associated shallow-water benthic foraminiferal faunal change. This isotopic excursion may be synchronous
with the deep-sea extinction event or with a younger 8'3C decrease. We suggest that the benthic foraminiferal event on the New

Jersey Margin was the result of a dramatic water-depth increase on the shelf and was unrelated to the deep-sea extinction.

INTRODUCTION

Shallow-water (<200 m depth) sedimentary sequences providein-
formation regarding sea-level changes, as well as information about
local hydrography and the neritic environment. Although changesin
global sealevel can dramatically affect ocean chemistry and circula
tion, itisoften difficult toidentify direct causal links between sealev-
el and open-ocean changes. Direct responses to sea-level change are
recorded on continental margins, whereas the deep-sea only records
indirect responses (e.g., Tucholke, 1982). However, correlation be-
tween shallow and deep-sea environments is notoriously difficult.
Biostratigraphy is often complicated by diachronous changes result-
ing from facies control in shallow environments, and isotope stratig-
raphy has rarely been applied to shallow-water sections, primarily
because of the discontinuous nature of shelf sections and complica
tion by local isotopic effects. Because few successful attempts have
been made to correl ate between shelf and deep-sea sequences, causal
rel ationshi ps between global sealevel and climate change remain un-
certain for the Paleocene and Eocene.

In this contribution, we show that selected shelf sections can be
correlated to the deep seausing standard stratigraphi c techniques. We
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have obtained alate Paleocene to early Eocene benthic foraminiferal
stable isotopic (6**C and &'80) record from Island Beach, NJ. We
show that this record can be used to place late Paleocene and early
Eocene (~58-52.5 Ma on the Berggren et al., 1995, time scale) cli-
matic events on the New Jersey Margin within a global framework.
In particular, we describe distinctive latest Paleocene isotopic events
that have previously been identified only in deep-sea sections. Final-
ly, we show that sea-level eventsidentified onthe New Jersey Margin
can provide clues to the mechanisms of climate and ocean-chemistry
changes during this critical interval of time.

L ate Paleoceneto Early Eocene (58-52 M a) Climate

Over the past decade, much interest has been focused on Paleo-
gene climate change. Thisisin part because the Eocene has been ex-
tensively cited as an example of a climate system operating under
conditions of extreme warmth, and therefore as a possible anal og of
a “greenhouse” world. There is abundant floral, faunal, and isotopic
evidence for Paleocene and Eocene warm climates. Paleontological
evidence (e.g., Wolfe, 1978; Estes and Hutchinson, 1980) indicates
that high-latitude terrestrial environments experienced subtropical
temperatures during the Eocene. In addition, oxygen isotopes of fora-
miniferal calcite indicate that the deep oceans and high-latitude sur-
face oceans warmed throughout the Paleocene, reaching maximum
Cenozoic temperatures of 220°C by the early Eocene (54 Ma on
the Berggren et al. (1995) time scale; Miller et al., 1987a; Kennett
and Stott, 1990; Zachos et al., 1994). Deep-ocean cooling began
abruptly near the early/middle Eocene boundary and continued in a
series of steps until the earliest Oligocene (Savin et al., 1975; Shack-
leton and Kennett, 1975; Miller et al., 1987a).
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In addition to warm climates, the Paleocene and early Eocene
were characterized by relatively high sea levels (Haq et d., 1987).
The scarcity of early Eocene hiatuses and an el evated cal cite compen-
sation depth (van Andel et al., 1975) are consistent with sluggish
ocean circulation (Moore et a., 1978). Dust records indicate that at-
mospheric circulation was sluggish as well (Janecek and Rea, 1983;
Miller et a., 1987b). Low global carbon isotopic values have beenin-
terpreted asreflecting low early Eocene productivity (Shackleton and
Hall, 1984; Corfield and Shackleton, 1988). Evidence of decreased
productivity during the late Paleocene and early Eoceneis also indi-
cated by oligotropic patterns of planktonic foraminiferal abundance
and diversity (Hallock et al., 1991). All of these observations com-
bine to form a picture of Paleocene and Eocene climate as a time of
stability and gradual change.

However, recent high-resolution isotopic studies have shown that
the Paleogene isotopic record of gradual (million year) change was
punctuated by a number of abrupt isotopic events reflecting rapid
(thousand year) change. The most prominent of these events occurred
in the latest Paleocene (~55.5 Ma). The Carbon Isotope Excursion
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(CIE) was first identified at Southern Ocean Site 690 (Kennett and
Stott, 1990, 1991), where it was characterized by an abrupt decrease
in surface- and deep-water carbon isotopes of 5.0%. and 3.0%., |- R i
spectively. At the same time, benthic and planktd#i© values de- o
creased, indicating a warming of deep waters by 4°C and of surfe 3?%
waters by 526°C. Within ~10,000 yr$'®O andd**C values recov-
ered, although not quite to pre-CIE values (Kennett and Stott, 199 Q
The isotopic events of the CIE (Kennett and Stott, 1990) correla o'b
precisely with a well-known latest Paleocene benthic foraminifer: 7 @)
extinction event first identified by Beckmann (1960) in Paleocene | poaware {
Eocene sediments from Trinidad, and subsequently described in De,’;’;’f’e 5’
tail by numerous workers (e.g., von Hillebrandt, 1962; Schnitke 0 v -
1979; Tjalsma and Lohman; 1983). The synchrony of the events 4
only suggests that they were linked, but also provides a distincti L L l l
and precise stratigraphic datum level. The CIE has been readily id:
tified in bathyal and abyssal sections from the Pacific (Pak and Miller,
1992; Bralower et al., 1995), Atlantic (Pak and Miller, 1992; Thomagrous sequence provides a good record of shallow-water (middle—
and Shackleton, 1996) and Indian Oceans (Lu and Keller, 1993)uter neritic, 36200 m; Liu et al., Chapter 19, this volume; Brown-
where it was also precisely synchronous with the benthic foraminifeiing et al., Chapter 16, this volume) Paleocene and Eocene deposition.
al extinction. The CIE has also been reported from shallow-water sec- Isotopic records are presented for the Paleocene and Eocene sec-
tions in the Tethyan region (Charisi and Schmitz, 1995; Schmitz eton of the Island Beach borehole. Ever21ft (0.3-0.6 m), 20-cri
al., 1996). On the North American Margin, Gibson et al. (1993), resamples were taken from the upper Paleocene and lower Eocene sec-
ported a latest Paleocene benthic foraminiferal turnover (on the Netions (upper Vincentown and Manasquan Formations;BBE0 ft
Jersey Coastal Plain, Clayton borehole), as well as clay mineralogiz99-354 m]), corresponding to a sampling interval of ~2DKk.y.
evidence for climatic warming and lithofacies changes indicative oSBamples were disaggregated in a solution of tap water and sodium
sea-level rise. Biostratigraphic control suggests that this event todlexametaphosphate, washed through a 63-um sieve, and oven dried.
place within Biochron NP9, and thus was concurrent with the deepgzarbon and oxygen isotopic analyses were conducted on several dif-
sea benthic foraminiferal turnover. Isotopic data are not available fderent species dEibicides, primarily C. eocaena andC. cocoaensis,
the Clayton borehole; however, the New Jersey Coastal Plain evivhich were picked from the >150-um fraction. The foraminifers
dence suggests that there were intriguing connections between latere ultrasonically cleaned for 2 s and roasted under vacuum at
Paleocene to early Eocene shelfal/onshore and deep-sea events3T8°C for 1 hr. All isotopic analyses (Table 1; Fig. 2) were conducted
this contribution, we explore these connections by comparison of @ Lamont-Doherty Earth Observatory using a Carousel-48 automatic
new benthic foraminiferal isotopié¢C andd*®0) record from Island  carbonate preparation device attached to a Finnigan MAT 251 mass
Beach (New Jersey) with a published record from the Pacific (Sitepectrometer. Analytical error () was 0.06%o and 0.04%o. f@*O
577; Pak and Miller, 1992). andd!®C, based on 35 analyses of the carbonate Standard NBS20. Re-
producibility was 0.17%. and 0.30%. f&t*0 andd**C, based on 15
replicate analyses.
Because diagenesis is often a problem in onshore sections, we
carefully selected specimens for isotopic analyses. Specimens with
The Island Beach borehole was drilled near Island Beach, NJ (Figyritic infillings were discarded, as were those that were obviously
1) in March—May 1993 as part of the New Jersey Coastal Plain Drillrecrystallized. Visual examination with the light microscope indicat-
ing Project (Leg 150X of the Ocean Drilling Program [ODP]; Miller ed that preservation of foraminifers was generally good, with the ex-
et al., 1994). This project was designed as the onshore componentagption of a dissolution zone between 1089 and 1107 feet (332 and
the New Jersey Sea-level Transect, which drilled offshore sites on t1887.5 m), which was barren of calcareous foraminifers.
slope and rise (ODP Leg 150), as well as additional onshore bore- Paleoenvironmental (paleodepth) interpretations are based on lith-
holes (Atlantic City, Cape May). The upper Paleocene and lowenlogy and sedimentary structures (Miller et al., 1994) and benthic for-
Eocene section at Island Beach comprises a thick (226 ft [68.9 myminiferal biofacies analysis (Browning et al., Chapter 16, this vol-
continuously cored sequence of sands, silts, and clays. This fossiliime; Liu et al., Chapter 19, this volume). Briefly, these methods pro-
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Figure 1. Location map of 1sland Beach.

METHODS
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Table 1. Cibicides spp. isotopic data from the I sland Beach, NJ, borehole.

Depth Cibicides spp.
(ft) 580 33C
980.00 -1.88 -0.65
982.00 -2.98 -1.46
982.00 -2.65 -1.28
984.00 -1.97 -0.48
984.00 -2.20 -0.70
986.20 -1.76 -0.34
986.20 -151 -0.16
988.00 -1.91 -0.69
990.00 -2.06 -0.59
992.00 -134 -0.35
995.00 -1.69 -0.17
998.00 -1.47 -0.41
1001.00 -1.66 -0.41
1002.00 -1.61 -0.42
1005.00 -1.35 -0.16
1007.50 -1.99 -0.70
1008.00 -2.12 -1.07
1010.00 -1.43 -0.21
1012.20 -1.33 -0.54
1012.20 -1.40 -0.33
1015.00 -2.05 -0.90
1015.00 -2.00 -0.84
1017.00 -1.49 -0.45
1022.00 -1.48 -0.10
1024.00 -1.27 0.37
1024.00 -1.21 0.35
1026.00 -1.25 0.21
1026.00 -1.29 0.43
1028.00 -1.10 0.33
1030.00 -1.40 0.10
1033.00 -1.39 0.25
1033.00 -1.35 -0.36
1034.00 -1.30 -0.21
1038.00 -1.06 0.14
1041.10 -1.50 -0.26
104110 -1.33 -0.54
1042.00 -1.40 -0.54
104450 -1.24 -0.28
1056.70 -1.22 -0.16
1057.20 -1.56 —-0.46
105800 -1.10 -0.32
1059.00 -1.20 -0.23
1061.00 -1.24 -0.14
1061.00 -1.34 0.03
1063.00 -0.89 0.35
1063.00 -1.09 0.01
1064.00 -1.58 -0.21
1066.00 -1.79 -0.86
1066.00 -1.22 -0.15
1067.00 -1.31 -0.34
1068.00 -1.22 -0.34
1071.00 -1.18 0.00
107210 -1.80 -0.46
107210 -1.81 -0.50
1073.80 -2.17 -1.05
1075.00 -1.66 -0.83
1075.00 -1.21 0.38
1076.00 -1.22 0.91
1078.00 -1.24 122
1081.00 -1.08 1.02
1087.50 -1.07 1.19
1108.00 -1.18 1.60
111750 -111 1.50
111950 -1.78 1.03
112150 -0.56 1.52
1123.60 -1.06 191
112550 -1.21 212
112750 -1.18 1.80
1129.25 -1.27 1.79
1131.00 -1.15 2.08
1138.10 -0.91 2.16
1140.20 -0.83 1.53
1142.00 -0.70 1.74
114830 -0.66 1.68
114830 -0.72 157
1150.00 -0.68 1.95
1152.15 -0.57 1.26
1152.15 -0.59 1.29
1153.00 -0.63 119
1155.10 -0.56 1.32
1157.00 -0.78 11
1158.00 -0.79 1.02
1159.80 -0.85 118
1161.80 -0.83 121

GLOBAL SIGNIFICANCE OF AN ISOTOPIC RECORD

duce complementary results, indicating that the Vincentown Forma-
tion (upper Paleocene) was deposited at middle neritic water depths
(50-100 m), whereas the Manasquan Formation (lower Eocene) was
deposited in outer neritic (100-200 m) water depths. Thisis consis-
tent with previous water-depth estimates from slightly updip bore-
holes on the New Jersey Margin (Olsson and Wise, 1987).

All of the samples were analyzed for organic carbon content.
Samples were analyzed at Woods Hole Oceanographic Institution af-
ter combustion at 900°C on a Model 5011 Coulometer with a preci-
sion of 1%. Samples were first acidified with 5% phosphoric acid and
filtered onto precombusted glass microfiber filters.

STRATIGRAPHY

Stratigraphic control is provided by integrated planktonic fora-
miniferal and calcareous nannofossil stratigraphy and magneto-
stratigraphy (Miller et al., 1994; Browning et al., Chapter 16, this vol-
ume). Numerical ages are provided by the Berggren et al. (1995) time
scale. Datum levels used for the Island Beach age model are given in
Table 2.

All of the late Paleocene and early Eocene planktonic foraminifer-
al and calcareous nannofossil zones (P8 NP9-NP14) are
present at Island Beach, indicating relatively continuous deposition.
However, integrated stratigraphy (Browning et al., Chapter 16, this
volume) indicates that there are two significant hiatuses in the upper
Paleocene to the lower part of the lower Eocene section. The younger
hiatus is recognized by the lowest occurrence (LY ofozovella
formosa formosa andTribrachiatus orthostylus at 1019 ft (310.6 m).

A physical surface and an increase in glauconite are recognized at this
level; we estimate a hiatus of ~0.4 m.y. based on an age/depth plot
(Fig. 3). The second hiatus occurs at the lithologic contact between
the Vincentown and Manasquan Formations (1075.5 ft [327.9 m]).
An erosional disconformity occurs at this level associated with a
gamma-ray log peak (Miller et al., 1994). A single occurrence of the
planktonic foraminifeMorozovella acuta (considered to be equiva-
lent to the highest occurrence (HO) Mibrozovella velascoenss;
Berggren et al., 1995) is recognized within the basal Manasquan For-
mation (between 1074 and 1069 ft [327.4 and 326 m]). We suggest
that a distinctive carbon and oxygen isotopic excursion in the basal
Manasquan (at 1073.8 ft [327.4 m]) at Island Beach is correlative
with the latest Paleocene CIE. Based on paleomagnetics, planktonic
foraminiferal biostratigraphy, and isotopic correlation, we estimate
the duration of the hiatus to be ~0.3 m.y. However, we note that cor-
relation of the Island Beach isotopic excursion with the CIE is in di-
rect contradiction with the calcareous nannofossil stratigraphy (M.-P.
Aubry, pers. comm., 1995). At Southern Ocean and North Atlantic
sites (Aubry et al., 1996), the CIE occurs prior to the LO. &Fam-

lettei (within nannofossil Zone NP9). At Island Bea@hbramlettei

first occurs in the basalmost sediments of the Manasquan Formation
(Aubry, pers. comm., 1995), placing the isotopic excursion within
Zone NP10. Aubry (pers. comm., 1995) suggests that the isotopic
event at Island Beach is not correlative with the CIE, but is in fact a
much younger event. In addition Tobramlettei, a single specimen

of Pseudohastigerina spp. occurs at 1074 ft (327.4 m). Although the
range of this planktonic foraminiferal genus is diachronous, the LO
of Pseudohastigerina spp. approximates the Paleocene/Eocene
boundary in the tropics (Berggren et al., 1995). The presence of
Pseudohastigerina and T. bramlettei suggests that the basal sedi-
ments of the Manasquan Formation are Eocene, whereas the presence
of M. acuta and isotopic correlation suggest that they are Paleocene.
Although we cannot resolve the discrepancy between the two strati-
graphic interpretations, we point out that both interpretations are con-
sistent with the magnetostratigraphy, which indicates that the Chro-
nozone C25n/C24r boundary occurs between 1070 and 1090 ft (326.2
and 332.3 m; M. van Fossen, pers. comm., 1995). Furthermore, we
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Table 2. Age-model parameters, | land Beach borehole.

Age Depth
Level (Ma) (ft)
Top of C24n 524 973.0
FO Morozovella formosa 54.0 1019.0
FO Tribrachiatus orthostylus 53.6 1019.0
CIE 55.5% 1073.8
Sediment missing, equivaent 55.8 1076.0
to base of C24r

Top of C25n 55.9 1080.0
LO G pseudomenardii 59.2 1161.7

Note: * = age of CIE from Aubry et al. (1996).

note that at the Clayton borehole the LO T. bramlettei is at 93.4 m,
4.25 m above the Vincentown/Manasquan Formation contact (Gib-
son et d., 1993). Similarly, the HO of M. velascoensis occurs at 96.4
m, 1.25 m above the contact (R. Olsson and J. Browning, pers.
comm., 1995), indicating that sediments of the basal Manasguan at
the Clayton borehole are Paleocenein age.

We also observe occurrences of the benthic foraminifer Sensioi-
na beccariiformis in samples from both the Vincentown and Ma
nasquan Formations at | sland Beach. At deep-seasites, the HO of this
species is indicative of the latest Paleocene benthic extinction (e.g.,
Tjalsma and Lohmann, 1983) and correlative with the CIE (Kennett
and Stott, 1990; Thomas, 1990; Pak and Miller, 1992). At Island
Beach, S beccariiformis is abundant below 1073.8 ft (327.4 m), but
occurs sporadically to 1055 ft (321.6 m; Browning et a., Chapter 16,
this volume) in samples that are otherwise clearly Eocene according
to both the planktonic foraminifer and nannofossil stratigraphies. We
consider the presence of S beccariiformisin Eocene sedimentsto be
anomalous and suggest that this taxon may have adiachronous range
in shallow water or that specimens may have been reworked from
older material. Bioturbation and reworking can be significant in shal-
low-water sediments; both burrows and macrofossils are common in
the lower 34 ft (10.4 m) of the Vincentown Formation (Owenset al.,
Chapter 2, this volume). However, macrofossils are absent from the
interval of study (980-1160 ft [299-354 m]), and the presence of fine
laminations in the upper part of the Vincentown Formation and the
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lower part of the Manasquan Formation (Owenset al., Chapter 2, this
volume) indicate that bioturbation was not severe.

RESULTS

We compare our benthic foraminiferal isotopic record from Island
Beach with the published record (Pak and Miller, 1992) from ODP
Site 577 (32°26.18l, 157°43.4(E; 2675-m present depth; ~1500-m
Eocene paleodepth). Site 577 was selected for comparison, because
it is located in the deep Pacific, removed from the dominant sources
of Paleogene deepwater formation (Katz and Miller, 1991; Pak and
Miller, 1992, 1995) and thus approximated global average isotopic
values. We employ the published (Pak and Miller, 1992) stratigraphy
for Site 577, with a revised age of the CIE of 55.09 Ma on the Berg-
gren et al. (1995) time scale. This revision reflects recent work on the
chronology of the CIE (Aubry et al., 1996).

We make our interpretations based on our preferred isotopic and
Morozovella acuta-based Island Beach stratigraphy (Table 2; Figs. 4,
5). However, we also present isotopic figures based on the nannofos-
sil stratigraphy (Figs. 6, 7). With the nannofossil stratigraphy, few
high-resolution comparisons can be made between the Island Beach
and global isotopic records. However, inferred relationships between
the isotopic record and the record of water-depth changes at Island
Beach are unaffected by stratigraphic correlations. Similarly, general
comparisons between the Island Beach and global isotopic records
are unaffected by minor changes in correlation.

Carbon Isotopes

The Island Beach isotopic record indicates that there were three
late Paleocene—early Eocene cycles in benthic foraminité?al
(Fig. 2; cycle = a periodic or aperiodic interval in wh&PC values
are similar). Carbon-isotope values were relatively high in the upper
Paleocene (115074 ft [350.6327.4 m]), dropped abruptly in the
uppermost Paleocene to lowermost Eocene @079 ft [327.4
310.7 m]), and dropped to still lower values in the lower Eocene
(1019-980 ft [310.7298.8 m]). Each step comprised a decrease in
averaged®C values of ~0.75%dl.0%.. At Island Beach the major
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Figure 3. Age vs. depth plot of biostratigraphic and magnetic datum levels in the Island Beach borehole, modified after Browning et al. (Chapter 16, this vol-
ume). Crosses are faunal highest occurrences. Solid circles are faunal lowest occurrences. Open sguares are magnetic reversals.

steps are separated by unconformities representing hiatuses of 0.3— The primary difference between the records from Site 577 and Is-
0.4 m.y. (see “Stratigraphy” section). Within the first (upper Paleotand Beach is that the Island Beach record is—0®4o. depleted rel-
cene) and second (uppermost Paleocene/lowermost Eocene) stefise to Site 577. We attribute the I®C values at Island Beach to
there were two additional minor changes: a small decrease at 112@tie influence of relatively nutrient-enriched waters on the shelf that
(341.5 m) and a small increase at 1040 ft (317.1 m). result from local effects. Assuming that Pacific deep water reflects
Comparison between the Island Beach and Pacific (Site 57he global averagd®C (because it represents the largest volume of
benthic isotopic records indicates that & cycles recognized at deep water in the oceans and is far removed from deep-water sourc-
Island Beach were global (Fig. 4). The first extended from ~56.6 tes), we can “back out” mean deep-water values by subtracting the Is-
55.8 Ma on the Berggren et al. (1995) time scale. This interval of lateand Beach benthic foraminifer&C record from the Pacifid**C
Paleocene higld**C values has been widely recognized in bothrecord (Fig. 8). This comparison indicates that from 57.8 to 55.8 Ma
benthic and planktonic foraminifer&®C records and represents the AdC was 0.2%0.79%o, from 55.5 to 54 Mad*C was 0.85%c
highestd3C values of the Cenozoic (Douglas and Savin, 19711.2%., and from 53.6 to 52.5 M&'C was 0.3%v0.89%o.
Shackleton and Kennett, 1975; Shackleton and Hall, 1984; Shackle- It is unexpected that the Island Be&C should be depleted rel-
ton, 1986, 1987; Corfield and Cartlidge, 1992). The long-term droptive to the deep Pacific throughout the interval of comparison. To-
in foraminiferal °C across the Paleocene/Eocene boundary haday, biological activity leaves shallow (<5000 m) waters enriched
been equally well documented (Douglas and Savin, 1971; Shackletam 3C (Kroopnick, 1980). As a result, shelfal benthic foraminiferal
and Hall, 1984; Shackleton, 1986, 1987; Miller et al., 1987a; Corfieldtalcite is enriched i#C relative to deep water. The smaifiC dif-
and Cartlidge, 1992). We recognize the interval from ~55.5 to 53.8rence from 57.8 to 56 Ma at Island Beach probably reflects this bio-
Ma as the second Paleocene—Eoc®#@ cycle. The smalb**C in- logical enrichment oFC, because this section was deposited in very
crease from 54.4 to 54.1 Ma at Island Beach is not well representstiallow water (6670 m).
at Site 577. However, the modern New York Bight/New Jersey shelf is a spe-
The final 3°C cycle within our interval of study extends from cial situation, and may be analogous to the New Jersey Paleogene
~53.6 to 52.6 Ma. Although the interval comprises a relatively gradshelf. The bathymetry of the shelf encourages strong seasonal strati-
ual drop from the higher values of the previous step, these earfication because of spring runoff and summer warming, leading to
Eocen&**C values were among the lowest of the Cenozoic (Douglaseasonally low in situ oxygen (Seger and Berberian, 1976). Winter
and Savin, 1971; Shackleton and Hall, 1984; Shackleton, 1986, 1983torms disrupt the stratification, and deep mixing resumes (e.g., Seg-
Corfield and Cartlidge, 1992). Thus, the three late Paleocene to eady and Berberian, 1976; Fairbanks, 1982). During the Paleocene and
Eocene benthi®*C cycles that we recognize at Island Beach notEocene, warmer winters and fewer storms may have led to longer
only mirror the global record (here represented by Pacific Site 577)erm stratification of shelf waters, and persistent low oxygen condi-
but also span the largest change in the Cen@#¥icrecord. tions on the shelf. Low oxygen conditions at Island Beach are indi-
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Figure 4. Comparison between carbon isotopic records from Island Beach
(open circles; Cibicides spp. data; duplicates averaged) and Pecific Site 577
(solid circles; Nuttallides truempyi data corrected by 0.27%o). Island Beach
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cated by the presence of glauconite, which forms under suboxic con-

ditions (McRae, 1972). At Island Beach, glauconite is common from

1019 ft to 1071 ft (310.7-326.5 m;-3b.4 Ma) and abundant from
1071 ft to 1075.5 ft (326-827.9 m; 55.455.5 Ma; Miller et al.,
1994). In addition, we measured sedimentary organic carbon in each
of our samples. The results indicate that percent organic carbon was
slightly elevated in the region of the grea®&€ difference (Fig. 8),
consistent with lower oxygen. Finally, benthic foraminiferal biofa-
cies of the lower Manasquan Formation are dominated by species and
genera indicative of low-oxygen bottom conditions (Browning et al.,
Chapter 16, this volume; Gibson et al., 1993). We interpret the low-
O1C values at Island Beach as representative of locally low-oxygen
conditions, resulting in high in situ nutrients.

Oxygen | sotopes

The &80 record from Island Beach shows a general decrease of
~1.0%05'0 from the late Paleocene to early Eocene (Fig. 553%
Ma). This decrease reflects the well-known Paleocene warming of
ocean deep waters, which culminated in deep-ocean temperatures of
15°C in the early Eocene. Although the amplitude ofdK@ de-
crease is very similar between the Pacific and New Jersey records, the
New Jerseyw!'®O record is depleted relative to that from Site 577 by
approximately-1.0%. (Fig. 5). We attribute this depletion to the in-
fluence of local temperature and salinity in the shelfal environment.
Fresh water runoff and relatively warm temperatures at shallow depth
combine to form a lov®*®0O water mass on the shelves. In the modern
ocean, shelfad*®0 ranges from0.75%. to—2.2%. (Fairbanks, 1982),
which is ~0.6%0—2.05%0 depleted relative to the deep Pacific (Craig
and Gordon, 1965). Th#®0 values we report for Island Beach are
consistent with modern differences.

There is a strong positive covariance betw®e@ andd*®O with-

stratigraphy based on paleomagnetics, planktonic foraminifers, and isotopjg poth the Vincentown and Manasquan Formations of the Island
correlation.

Age (Ma)

Figure 5. Comparison between oxygen isotopic records from Island Beach
(open circles; Cibicides spp. data; duplicates averaged) and Pecific Site 577
(solid circles; Nuttallides truempyi data). |sland Beach stratigraphy based on
paleomagnetics, planktonic foraminifers, and isotopic correlation.
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Beach isotopic record (Fig. 2). Each of 8% cycles previously de-
scribed is matched by &0 decrease. In particular, the prominent
O1%C decreases at the beginning of each step (e.g., at 1073.8 and 1019
ft [327.4 and 310.7 m]) correspond with lafj#0 decreases. Cova-
riance between'®0O andd®C is also apparent in the early Paleogene
global isotopic record. The large late Paleocene to early Eocene glo-
bal decrease id"*C is represented by a smaller amplitude (~0.75%o)
decrease i8%0. As withdC, the lowesd™O values of the Ceno-
zoic occurred in the early Eocene (Emiliani, 1955; Douglas and
Savin, 1971; Shackleton and Kennett, 1975; Shackleton, 1986; Miller
et al., 1987a).

Within the Manasquan Formation of Island Bedgf) andd**C
show a strong positive correlation (Fig. 8510.7). Although recrys-
tallization can alter the isotopic composition of carbonates, we do not
think that our record is the result of diagenesis. In the marine environ-
ment, diagenesis is the result of recrystallization of foraminiferal cal-
cite within the microenvironment of pore waters. Pore-
becomes depleted relative to ocean water because of increased tem-
perature with increased burial depth and/or interaction with basaltic
basement (which has @0 value of-7%. to —15%o.), leading to
anomalously ligh©'®O values. Although thé&'O values at Island
Beach are ~1.0%. depleted relative to Site 577, such values are rea-
sonable for a near-shore site. Becad#?€ is not controlled by tem-
perature, it is more difficult to alter in pore waters unless there is a
oC-depleted source, such as methane or organic carbon, nearby.
Thus, the similar changes in b@lO andd**C argue against diage-
netic obliteration of the signal.

Because Island Beach is an onshore section, it is also possible that
diagenesis took place in meteoric water. This would lead to a positive
covariance, because ground waters are depleté¥mecause of in-
teraction with soils, as well as depletedi?O. However, we would
expect to see a correlation between lithology &#i0/6°C peaks,
with more porous sandy layers being more affected by the ground-
water signal than the clay-rich layers. We do not see such a pattern;
high-amplituded'®O/3'3C peaks are present in both the sandy basal
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Figure 6. Same as Figure 4, except with Island Beach stratigraphy based on
nannofossils (after M.-P. Aubry, pers. comm., 1995).
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Figure 7. Same as Figure 5, except with Island Beach stratigraphy based on
nannofossils (after M.-P. Aubry, pers. comm., 1995).

GLOBAL SIGNIFICANCE OF AN ISOTOPIC RECORD

Manasquan (1070-1075 ft [326.2-327.7 m]) and the relatively ho-
mogenous massive silty clays of the upper part of the unit (980-1020
ft [298.8-311 my]).

Finally, we note that the preservation of the global trend in both
oxygen and carbon at |sland Beach argues against asignificant diage-
netic signal, as does the high-amplitude nature of the record. In gen-
eral, diagenesis tends to damp the amplitude of high-frequency vari-
ations, rather than create spikes (Schrag et al., 1992). We maintain
that the high-frequency isotopic covariance is the result of high-
amplitude variations in the local environment of Isand Beach. We
suggest that strong stratification would lead to alow-6*0, low-33C
shelf water.

The Island Beach 60 record is more variable than the deep-
water record (Fig. 2). The higher amplitude signal does not simply
represent intrasampl e variability, because reproducibility is generally
good (15 duplicate analyses yielded a reproducibility of 0.17%o). In-
stead, we believe that the intersample variability reflects the variable
nature of near-shore waters. Coastal waters are subject to variations
in regional environmental conditions, as well as global climate
change. Therefore, we interpret the Island Be##h record as re-
flecting local variations in shelf@®0O, superimposed on the global
record of Paleocene—earliest Eocé#® decrease.

Covariance Between Water-Depth Changes
and the | sotopic Record

The late Paleocene—Eocene water-depth history of the New Jersey
shelf (Fig. 2) was identified on the basis of benthic foraminiferal bio-
facies studies and lithology (Browning et al., Chapter 16, this vol-
ume; Liu et al., Chapter 19, this volume). At Island Beach, sediments
of the Vincentown Formation (116&8075.5 ft [356.%£327.9 m]) in-
dicate deposition at shallow neritic depths{B0Om; Browning et al.,
Chapter 16, this volume; Liu et al., Chapter 10, this volume), al-
though the upper part of the Vincentown Formation (117BL30 ft
[358.4-341.5 m]) may have been deposited in slightly deeper water
(Liu et al., Chapter 10, this volume). A major change in benthic fora-
miniferal biofacies occurs at the Vincentown/Manasquan contact; an
Osangularia expansa assemblage dominates from the base of the
Manasquan to 1040 ft (317 m; Browning et al., Chapter 16, this vol-
ume). There was a large, correlative increase in water depth at 1075.5
ft (327.9 m) from middle neritic to outer neritic depths<B0 m to
~135 m+ 25 m; Browning et al., Chapter 16, this volume). Lithologic
and biofacies analyses indicate a minor shallowing at 1040 ft and an
increase in water depth at 1019 ft (Browning et al., Chapter 16, this
volume).

The major water-depth changes (at 1075.5 and 1019 ft [327.9 and
310.7 m]) correspond well with the isotopic steps we have identified
in the Island Beach record (Fig. 2). The first interval (H1475.5 ft
[347.6-327.9 m]), representing the highest Paleocene—Eazé@e
ando®O values, corresponds with the shallowest Paleocene—Eocene
water depths at Island Beach. Similarly, the two successive steps
(from 1075.5 to 1019 ft [327-810.7 m] and from 1019 to 980 ft
[310.7-298.8 m], respectively) correspond with increasing water
depth at Island Beach. In addition, mifC changes at 1120 and
1040 ft (341.5 and 317.1 m) correlate with lithologic and foraminifer-
al indicators of increasing and decreasing water depths.

Comparison with the Haq et al. (1987) cycle chart indicates that
the water-depth changes identified at Island Beach are similar in scale
to proposed eustatic changes. Hag et al. (1987) predicted latest Paleo-
cene to earliest Eocene sea-level rise, with the highest sea levels of
the Cenozoic occurring in the early Eocene. In addition, Browning et
al. (Chapter 16, this volume) noted that third-order sea-level events
predicted by the Haq et al. (1987) cycle chart correspond with the two
prominent unconformities in the Island Beach record (at 1075.5 and
1019 ft; 327.9 and 310.7 m). Finally, we note that the isotopic steps
identified in the Island Beacdd*C record mirror the global record.
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5%c (%o) Aubry et al., 1996), and that deep-sea sections are not necessarily
more complete than shallow-water sections. We suggest that other
carefully selected shelf sections may also provide relatively complete
stratigraphic records.

The preservation of global isotopic changes at Island Beach indi-
cates that direct comparisons between the shelf and deep sea can be
accomplished with stable isotopic and stratigraphic correlations. This
observation has important paleoceanographic implications. Because
53} - direct evidence of sea-level change is recorded on the continental
margin, we are able to examine Paleogene isotopic events in the con-
text of sea-level changes.

52 T T

Linkage Between 6180, 81°C, Sea Level, and Climate

— Al i Comparison among the Island Beach isotopic record, the deep-sea
‘25 isotopic record, and the record of New Jersey Margin sea-level events
= leads to several intriguing correlations.

o)

o

< 1. From the latest Paleocene to the early Eocene, three intervals

of change, defined by step-like decreaség®@ andd'3C, can
be identified in both the Island Beach and Site 577 (Pacific)
isotopic records (~56-65.8 Ma; ~55.554 Ma; ~53.652.6
Ma).
2. The steps are separated by prominent unconformities in the Is-
land Beach record.
56 | . 3. Each of the decreases in the isotopic record corresponds with
benthic foraminiferal biofacies and lithologic changes that in-
dicate water-depth increase on the New Jersey Coastal Plain.

We note the correspondence between decrea&i®gands*C and
. . increasing sea level, and suggest a linkage between global climate,
4 0 1 ) sea level, and organ_ic carbon accumulation. _
We suggest that intervals of warmer temperatures and higher sea
Organic carbon (%) levels were characterized by generally low oceanic productivity. De-
creased organic carbon burial rates have been cited previously as a
Figure 8. Comparison of &'3C difference between Pacific Site 577 and Island cause of the long-term (3 m.\3)C decrease spanning the Paleo-
Beach (solid line) and percent organic carbon at Island Beach (open circles). cene/Eocene boundary (Shackleton and Hall, 1984; Shackleton,
1987). Our study provides new evidence indicating that the long-term
We suggest that global changes in oceanic 3**C were linked to late decrease occurred in a step-like manner and was associated with sea-
Paleocene—early Eocene sea-level changes. level increase. We suggest that warm temperatures and sluggish
ocean circulation (Moore et al., 1978) associated with high sea levels
may have damped upwelling of nutrient-enriched waters, leading to
DISCUSSION low oceanic productivity. This mechanism has also been proposed to
explain similar covariance amor®@fO, &°C, and sea level in the
Our benthic foraminiferal carbon and oxygen isotopic recordMiocene (Flower and Kennett, 1993) and late Eocene—early Oligo-
from Island Beach, NJ, indicates that global isotopic signals were r&ene (Zachos et al., 1995). However, it is opposite in sense to models
corded on the New Jersey Margin during the late Paleocene and eaplsoposed to explain late Pleistocene glacial/intergl&i@l changes
Eocene, and can thus be used to correlate to the deep sea. This ob@@mwecker, 1982), which suggest that deep-o@¥ decreases are
vation confirms the results of recent studies (Gibson et al., 1993he result of sea-level decreases and the resultant erosion of isotopi-
Miller et al., 1994; Browning et al., Chapter 16, this volume), sug-cally light organic matter from exposed shelves. The deep-@&&&an
gesting that Paleocene and Eocene sedimentation was relatively coraeord does not help us distinguish between increased erosion of old
plete on the New Jersey Coastal Plain in spite of the shallow-waterganic deposits and decreased deposition of fresh organic matter.
environment and several unconformities. Although shallow-wateHowever, the shelf record at Island Beach indicates that periods of
sections may be very discontinuous, and therefore provide less usetidcrease@'*C in the late Paleocene and early Eocene were not the
stratigraphic information than deep-sea sections, there are severabult of increased supply of shelf carbon because of erosion, but
features of the New Jersey Margin that make it an ideal candidate farere instead correlative with times of sediment deposition and water-
a relatively complete stratigraphic record. First, sediments of the Paepth increase on the New Jersey shelf.
leogene New Jersey Margin were deposited on a gently sloping car- Benthic foraminiferab'*C values on the shelf followed the global
bonate ramp. The geometry of the margin discouraged vigorous er(deep sea) pattern, but remained very low relative to deep<sea
sion and encouraged pelagic deposition. Second, the Paleocene alld attribute low benthid'*C at Island Beach to increased stratifica-
Eocene record of eustasy is primarily one of gradual sea-level rid®n of shelf waters leading to low oxygen conditions below a shallow
(Haqg et al., 1987). Third, there are few early Eocene erosional uncomixed layer, and resultant low bent®&€C values at Island Beach.
formities in the deep-sea record, indicating generally sluggish oceaiWe suggest that warm Paleogene temperatures and high sea levels
circulation. Therefore, early Eocene sections may be relatively morencouraged stratification of shelfal waters and led to low in situ oxy-
complete than those of other ages. Finally, we note that the deep ggan on the deep shelf. Low oxygen conditions on the Paleocene and
is not the quiet depositional basin as once thought (e.g., Aubry, 199Epcene New Jersey shelf are supported by the presence of glauconite
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Figure 9. Covariance between Cibicides spp. 880 and '3C within the
Manasguan Formation at Island Beach.

(Miller et al., 1994), relatively high organic carbon (Fig. 8), and
benthic foraminiferal assemblages presumed to be characteristic of
low oxygen conditions (Gibson et a., 1993; Browning et al., Chapter
16, thisvolume; Liu et d., Chapter 10, this volume).

Low benthic &'*C and dissolved oxygen may also have been the
result of locally high productivity on the shelf. It is possible that nu-
trients derived from riverine input became trapped on the shelves
during sea-level rise. This would result in decreased productivity in
the oceans and increased productivity on the shelves. However, we
note that although organic carbon at Island Beach was dightly ele-
vated in the early Eocene, there is little evidence of widespread or-
ganic-rich deposits on the New Jersey Margin (Owens et a., Chapter
2, thisvolume).

L atest Paleocene Shallow-Water Environmental Changes

Until recently (Gibson et d., 1993), rapid environmental changes
associated with the CIE had been reported only from bathyal and
abyssd sites (e.g., Kennett and Stott, 1990; 1991; Thomas 1990; Pak
and Miller, 1992, Lu and Keller, 1993; Thomas and Shackleton,
1996). However, Gibson et al. (1993) reported a benthic foraminiferal
faunal turnover event within the Manasquan Formation in the Clay-
ton, NJ, borehole. The timing of the Clayton event (uppermost Paleo-
cene; within faunal Zone NP9) led Gibson et al. (1993) to suggest that
it was correlative with the well-known latest Paleocene benthic fora-
miniferal extinction event (Tjalsma and Lohmann, 1983; Thomas,
1990; Kennett and Stott, 1990), and thus with the CIE. Identification
of the extinction and CIE in neritic depths has seriousimplicationsfor
proposed explanations of the event, many of which point to tempo-
rary instability of deep-water source areas as a possible cause (e.g.,
Kennett and Stott, 1990; 1991; Thomas, 1990; Pak and Miller, 1992;
Kennett and Stott, 1995; Thomas and Shackleton, 1996).

A benthic foraminiferal turnover occurred at the Vincentown/Ma-
nasquan contact in the Island Beach section. Foraminifers commonly
occurring in the upper part of the Vincentown are Alabamina mid-
wayensis, Anomalinoides welleri, Bulimina hornerstownensis, B.
midwayensis, Cibicides mortoni, Cibicidoides hilgardi, Gyroidi-
noides subangulata, Lenticulina midwayensis, Nodosaria paleo-
cenica, Osangularia convexa, Stilostomella paleocenica, Tappanina
selmensis, and Tritaxia midwayensis (Liu et al., Chapter 10, thisvol-
ume). This assemblage changes to an Osangularia-dominated

GLOBAL SIGNIFICANCE OF AN ISOTOPIC RECORD

biofaciesin the lower Manasquan Formation (Browning et al., Chap-
ter 16, thisvolume). A ~0.7-m.y. hiatus at the contact precludes pre-
ciseidentification of the timing of the turnover, although its position
(within C24r, and at the NP9/NP10 and P5/P6a zonal boundaries) is
consistent with that of the deep-sea extinction event.

Our isotopic record indicates a prominent decrease in 6**C and
010 at 1073.8ft (327.4 m) at | sland Beach. The magnitude of theiso-
topic excursion (33C decreased by ~2.0%0, wheré@¥ decreased
by ~1.0%o0) is somewhat less than has been recorded in the Southern
Ocean (Kennett and Stott, 1991; Site 690; benthic foramind&@l
decreased by 3.0%. aéfO by 2.0%o.), but is equivalent to that re-
corded in mid-latitude Atlantic sections (e.g., Thomas and Shackle-
ton, 1996; Site 524'3C decreased by 2.0%. ad#O by 1.5%.). We
correlate the isotopic excursion at Island Beach with the deep-sea ex-
cursion, although M.-P. Aubry (pers. comm., 1995) suggests that it
corresponds to a much young®fC decrease (see “Stratigraphy”
section for further discussion). The position of the isotopic excursion
~1.5 ft above the Vincentown/Manasquan contact suggests that the
benthic foraminiferal turnover at Island Beach was not the neritic
equivalent of the deep-sea extinction, which was precisely coeval
with the isotope event in bathyal and abyssal sections. We suggest
that the benthic foraminiferal event on the New Jersey Margin was
the result of dramatic water-depth increase and facies change on the
shelf and was unrelated to the deep-sea extinction.

CONCLUSIONS

1. Isotopic, magnetostratigraphic, and biostratigraphic correla-
tions indicate that the upper Paleocene and lower Eocene sec-
tion of the Island Beach, NJ, borehole can be correlated to the
deep-sea record. This result contradicts previous assumptions
of highly discontinuous sedimentary sections and sparse cal-
careous microfossils on the continental shelves, and indicates
that at least some shelfal sequences can be directly correlated
with deep-sea sequences using integrated techniques.

2. Benthic foraminiferal oxygen and carbon isotopic records in-
dicate that the late Paleocene—early Eocene global isotopic
signal was recorded and preserved at Island Beach. However,
the neritic isotopic record is characterized by high-amplitude
variations and a deplet&®O andd'*C signal relative to the
deep-sea record. We attribute these differences to the more
variable shelfal conditions superimposed on the global record.

3. A latest Paleocene benthic foraminiferal turnover occurs ~1.5
ft below a prominend'®O andd'*C excursion at Island Beach.

We suggest that the foraminiferal turnover was the result of
water-depth increase and facies change on the New Jersey
shelf and was not correlative with the well-known latest Paleo-
cene deep-sea extinction event.

4. Steps of decreasini*C andd'®O correlate with increasing
water depth on the New Jersey shelf. The covariance between
isotopic steps and water-depth change suggests a linkage be-
tween sea level, global climate, and carbon cycling. We sug-
gest that globally warm temperatures and high sea levels led to
low oceanic productivity and*C decrease in the late Paleo-
cene and early Eocene.

ACKNOWLEDGMENTS

We thank M.-P. Aubry, M. van Fossen, G. Mountain, R. Fair-
banks, J. Wright, M. Katz and W. Ryan for helpful discussions and
D.R. Ostermann for producing the organic carbon data. The manu-
script was much improved by critical reviews from S. Snyder and E.
Thomas. This is LDEO contribution number 5697.

313



D. PAK, K. MILLER, J. BROWNING

REFERENCES Leg 113.In Barker, P.F., Kennett, J.P., et &pc. ODP, i. Results, 113:
College Station, TX (Ocean Drilling Program), 8880.
—, 1991. Abrupt deep-sea warming, paleoceanographic changes and

Aubry, M.-P, 1991. Sequence stratigraphy: eustasy or tectonic imprint? J. benthic extinctions at the end of the Palaeociatire, 353:225-229.
Geophys. Res., 96:6641-6679. —, 1995. Terminal Paleocene mass extinction in the deep sea: associ-
Aubry, M.-P, Berggren, W.A., Stott, L., and Sinha, A., 1996. The upper Pale- ation with global warmingln Stanley, S.M(Chair.), Effects of Past Glo-
ocene-lower Eocene stratigraphic record and the Paleocene/Eocene bal Change on Life: Washington, D.C. (National Academy Press); 94
boundary carbon isotope excursion: implications for geochronology. In 107.
Knox, R., Corfield, R., and Dunay, R.E. (Eds.), Correlation of the Early Kroopnick, P., 1980. The distribution &fC in the Atlantic OceanEarth
Paleogene in Northwestern Europe, Spec. Publ.—Geo. Soc. Am., 101: Planet. <ci. Lett., 49:469-484.
353-380. Lu, G., and Keller, G., 1993. Climatic and oceanographic events across the
Beckmann, J.-P., 1960. Distribution of benthonic foraminifera at the Creta- Paleocene-Eocene transition in the Antarctic Indian Ocean: inference
ceous-Tertiary boundary of Trinidad (West-Indids)er. Geol. Congr., from planktic foraminiferaMar. Micropaleontol., 21:10+142.
Rep. 21st Session, Norden. Part V: The Cretaceous-Tertiary Boundary, McRae, S.G., 1972. Glauconitéarth-Sci. Rev., 8:397440.
57-69. Miller, K.G., Fairbanks, R.G., and Mountain, G.S., 1987a. Tertiary oxygen
Berggren, W.A., Kent, D.V., Swisher, C.C., Ill, and Aubry, M.-P., 1995. A isotope synthesis, sea-level history, and continental margin erBsien.
revised Cenozoic geochronology and chronostratigraphBerggren, oceanography, 2:1-19.
W.A., Kent, D.V., Aubry, M.-P., and Hardenbol, J. (Ed&gochronol- Miller, K.G., Janecek, T.R., Katz, M.E., and Keil, D.J., 1987b. Abyssal circu-
ogy, Time Scales and Global Sratigraphic Correlation. Spec. Publ.— lation and benthic foraminiferal changes near the Paleocene/Eocene
Soc. Econ. Paleontol. Mineral., 54:329.2. boundaryPaleoceanography, 2:74+761.

Bralower, T.J., Zachos, J.C., Thomas, E., Parrow, M., Paull, C.K., KellyMiller, K.G., Sugarman, P., Van Fossen, M., Liu, C., Browning, J.V., Queen,
D.C., Premoli Silva, I., Sliter, W.V., and Lohmann, K.C., 1995. Late Pale- D., Aubry, M.-P., Burckle, L.D., Goss, M., and Bukry, D., 1994. Island
ocene to Eocene paleoceanography of the equatorial Pacific Ocean: sta- Beach site reportn Miller, K.G., et al.,Proc. ODP, Init. Repts.,, 150X:
ble isotopes recorded at Ocean Drilling Program Site 865, Allison Guyot. College Station, TX (Ocean Drilling Program);33.

Paleoceanography, 10:841-865. Moore, T.C., Jr., van Andel, T.H., Sancetta, C., and Pisias, N., 1978. Ceno-
Broecker, W.S., 1982. Ocean chemistry during glacial tiGeechim. Cos- zoic hiatuses in the pelagic sedimeMscropal eontology, 24:113-138.

mochim. Acta, 46:1689-1705. Olsson, R.K., and Wise, S.W., 1987. Upper Paleocene to middle Eocene dep-
Charisi, S., and Schmitz, B., 1995. Statl#¥¢, 5'%0) and strontium¥Sr/ ositional sequences and hiatuses in the New Jersey Atlantic Margin.

863r) isotopes through the Paleocene at Gebel Aweina, eastern Tethyan Ross, C., and Haman, D. (EdsT)ming and Depositional History of

region Paleogeogr., Paleoclimatol., Paleoecol., 116:103-129. Eustatic Sequences: Constraints on Seismic Sratigraphy. Spec. Publ.

Corfield, R., and Cartlidge, J., 1992. Oceanographic and climatic implica- Cushman Found. Foraminiferal Res., 24BE2.
tions of the Palaeocene carbon isotope maximiemra Nova, 4:443- Pak, D.K., and Miller, K.G., 1992. Paleocene to Eocene benthic foraminiferal
455. isotopes and assemblages: implications for deepwater circulBtbs.
Corfield, R.M., and Shackleton, N.J., 1988. Productivity change as a control oceanography, 7:405-422.
on planktonic foraminiferal evolution after the Cretaceous/Tertiary —, 1995. Isotopic and faunal record of Paleogene deep-water transi-

boundaryHist. Biol., 1:323-343. tions in the North Pacificln Rea, D.K., Basov, |.A., Scholl, D.W., and

Craig, H., and Gordon, L.l., 1965. Deuterium and oxygen-18 variations in  Allan, J.F. (Eds.)Proc. ODP, <i. Results, 145: College Station, TX
the ocean and the marine atmosphirdongiorgi, E. (Ed.) Sable Iso- (Ocean Drilling Program), 26281.
topes in Oceanographic Sudies and Paleotemperatures: Pisa (Cons.  Savin, S.M., Douglas, R.G., and Stehli, F.G., 1975. Tertiary marine paleotem-
Naz. delle Ric., Lab. di Geol. Nucleare}130. peraturesGeol. Soc. Am. Bull., 86:1499-1510.

Douglas, R.G., and Savin, S.M., 1971. Isotopic analyses of planktonic foré&&chmitz, B., Speijer, R. P., and Aubry, M.-P., 1996. Latest Paleocene benthic
minifers from the Cenozoic of the northwest Pacific, Le¢n6rischer, extinction event on the southern Tethyan shelf (Egypt): foraminiferal sta-
A.G,, Heezen, B.C., et alnit. Repts. DSDP, 6: Washington (U.S. Govt. ble isotopic §3C, 5'%0) recordsGeology, 24:347350.

Printing Office), 11231127. Schnitker, D., 1979. Cenozoic deep water benthic foraminifera, Bay of Bis-

Emiliani, C., 1955. Pleistocene temperatude§eol., 63:538-578. cay.In Montadert, L., Roberts, D.G., et dhjt. Repts. DSDP, 48: Wash-

Estes, R., and Hutchinson, J.H., 1980. Eocene lower vertebrates from Elles- ington (U.S. Govt. Printing Office), 37413.
mere Island, Canadian Arctic Archipelad®alaeogeogr., Palaeoclima- Schrag, D.P., DePaolo, D.J., and Richter, F.M., 1992. Oxygen isotope
tol., Palaeoecol., 30:325-347. exchange in a two-layer model of oceanic cristth Planet. Sci. Lett.,

Fairbanks, R.G., 1982. The origin of continental shelf and slope water in the 111:305-317.

New York Bight and Gulf of Maine: evidence from,'fD/H,%0 ratio Seger, D.A., and Berberian, G., 1976. Oxygen depletion in the New York
measurements. Geophys. Res., 87:5796-5808. Bight apex: causes and consequenées. Soc. Limnol. Spec. Suppl.,

Flower, B.P., and Kennett, J.P., 1993. Middle Miocene ocean/climate transi- 2:220-239.
tion: high-resolution oxygen and carbon isotopic records from DSDP Sit&hackleton, N.J., 1986. Paleogene stable isotope eviealiaeogeogr.,
588A, Southwest Pacifi®aleoceanography, 8:811843. Palaeoclimatol., Palaeoecal., 57:91-102.

Gibson, T.G., Bybell, L.M., and Owens, J.P., 1993. Latest Paleocene lithc————, 1987. The carbon isotope record of the Cenozoic: history of
logic and biotic events in neritic deposits of southwestern New Jersey. organic carbon burial and of oxygen in the ocean and atmosghere.
Paleoceanography, 8:495-514. Brooks, J., and Fleet, A.J. (EdsV)arine Petroleum Source Rocks. Geol.

Hallock, P., Premoli-Silva, I., and Boersma, A., 1991. Similarities between Soc. Spec. Publ. London, 26:4234.
planktonic and larger foraminiferal evolutionary trends through Paleo-Shackleton, N.J., and Hall, M.A., 1984. Carbon isotope data from Leg 74

gene paleoceanographic changPaleogeogr., Paleoclimatol., Paleo- sedimentsln Moore, T.C., Jr., Rabinowitz, P.D., et &hit. Repts. DSDP,
ecal., 83:49-64. 74: Washington (U.S. Govt. Printing Office), 683.9.
Haq, B.U., Hardenbol, J., and Vail, P.R., 1987. Chronology of fluctuating se&hackleton, N.J., and Kennett, J.P., 1975. Paleotemperature history of the
levels since the TriassiBcience, 235:1156:1167. Cenozoic and the initiation of Antarctic glaciation: oxygen and carbon
Janecek, T.R., and Rea, D.K., 1983. Eolian deposition in the northeast Pacific isotope analyses in DSDP Sites 277, 279, and B8XKennett, J.P.,
Ocean: Cenozoic history of atmospheric circulati@eol. Soc. Am. Houtz, R.E., et allnit. Repts. DSDP, 29: Washington (U.S. Govt. Print-
Bull., 94:7306-738. ing Office), 743-755.
Katz, M.E., and Miller, K.G., 1991. Early Paleogene benthic foraminiferalThomas, E., 1990. Late Cretaceous through Neogene deep-sea benthic fora-
assemblages and stable isotopes in the Southern Qce@&iesielski, minifers (Maud Rise, Weddell Sea, Antarctida) Barker, P.F., Kennett,
P.F., Kristoffersen, Y., et alRroc. ODP, Sci. Results, 114: College Sta- J.P., et al.Proc. ODP, i. Results, 113: College Station, TX (Ocean
tion, TX (Ocean Drilling Program), 48512. Drilling Program), 574594.

Kennett, J.P., and Stott, L.D., 1990. Proteus and Proto-oceanus: ancesffélomas, E., and Shackleton, N., 1996. The Palaeocene-Eocene benthic fora-
Paleogene oceans as revealed from Antarctic stable isotopic results: ODP miniferal extinction and stable isotope anomaliesknox, R.W.O'B.,

314



GLOBAL SIGNIFICANCE OF AN ISOTOPIC RECORD

Corfield, R.M., and Dunay, R.E. (Eds.), Correlation of the Early Paleo- Wolfe, JA., 1978. A paleobotanical interpretation of Tertiary climatesin the

gene in Northwest Europe, Spec. Publ. Geol. Soc. London, 101:401-441. Northern Hemisphere. Am. J. Sci.66:694-703.

Tjasma, R.C., and Lohmann, GP, 1983. Paleocene-Eocene bathya and Zachos, J.,, Salamy, K., Quinn, T., and Diester-Haas, L., 1995. The late
abyssal benthic foraminifera from the Atlantic Ocean. Micropal eontol. Eocene/early Oligocene deep sea sediment record of continental glacia-
Spec. Publ., 4. tion, ocean productivity, and deep water circulation and chemistry. Eos,

Tucholke, B., 1982. Geologic significance of seismic reflectors in the deep 76:187.
western North Atlantic basin. Spec. Publ.—Soc. Econ. Paleontol. Min- Zachos, J.C., Stott, L.D., and Lohmann, K.C., 1994. Evolution of early Cen-
eral., 32:23-37. 0zoic marine temperatures. Paleoceanography: 353-387.

van Andel, T.H., Heath, GR., and Moore, T.C., Jr., 1975. Cenozoic history
and paleoceanography of the central equatorial Pacific Ocean: aregional
synthesis of Deep Sea Drilling Project data. Mem.—Geol. Soc. Ani43. L .

von Hillebrandt, A., 1962. Das Paleozan und seine Foraminiferenfauna im Dateof initial receipt: 30 January 1996
Beckan von Reichenhall und Salzburg., Abh Bayer. Akad. Wiss., Math.- Date of acceptance: 15 October 1996
Naturw. KIl.,108:1-182. M s 150X SR-319



http://www-odp.tamu.edu/publications/150X_SR/150XTOC.HTM

	23. GLOBAL SIGNIFICANCE OF AN ISOTOPIC RECORD FROM THE NEW JERSEY...
	Dorothy Pak, Kenneth Miller, and James Browning 
	ABSTRACT
	INTRODUCTION
	METHODS
	STRATIGRAPHY
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES
	FIGURES
	Figure 1. Location map of Island Beach.
	Figure 2. Stratigraphy and stable isotopes of the ...
	Figure 3. Age vs. depth plot of biostratigraphic ...
	Figure 4. Comparison between carbon isotopic ...
	Figure 5. Comparison between oxygen isotopic ...
	Figure 6. Same as Figure 4, except with Island ...
	Figure 7. Same as Figure 5, except with Island ...
	Figure 8. Comparison of d13C difference between ...
	Figure 9. Covariance between Cibicides spp. d18O ...

	TABLES
	Table 1. Cibicides spp. isotopic data from the ...
	Table 2. Age-model parameters, Island Beach borehole...




