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THE CENOMANIAN/TURONIAN CARBON BURIAL EVENT, BASS RIVER, NJ, USA:
GEOCHEMICAL, PALEOECOLOGICAL, AND SEA-LEVEL CHANGES
P. J. SUGARMAN1, K. G. MILLER2, R. K. OLSSON2, J. V. BROWNING2, J. D. WRIGHT2, L. M. DE ROMERO3, T. S.
WHITE4, F. L. MULLER1, AND J. UPTEGROVE1
ABSTRACT

INTRODUCTION

The Bass River borehole (ODP Leg 174AX) recovered
approximately 200 ft (61 m) of upper Cenomanian to
lower Turonian strata from the New Jersey Coastal
Plain, USA, including the expression of a global carbon
burial event. The Cenomanian/Turonian (C/T) boundary is recognized at Bass River at ;1935.5 ft (589.9 m)
based on the contact of nannofossil Microstaurus chiastius and Eiffellithus eximius Subzones of the Parhabdolithus asper Zone. Carbon isotopic records of both Gavelinella and Epistomina show a large (.2‰) increase
immediately below the C/T boundary, with maximum
values of 6‰ in Epistomina and 4.3‰ in Gavelinella.
The d13C offset between these taxa is constant and we
conclude that Epistomina, like Gavelinella, faithfully records seawater d13C changes. Above the sharp d13C increase, elevated d13C and sedimentary organic carbon
(.0.9%) values continue into the lower Turonian, culminating in a sharp d13C decrease. High d13C values in
the uppermost Cenomanian-lower Turonian at Bass River correlate with a global carbon burial event recorded
in Europe and the U.S. Western Interior; we estimate
the duration of this event at Bass River as 400–500 k.y.
Although the carbon burial event occurred during a
long-term eustatic rise (10 m.y. scale), it occurs within a
1–2 m.y. long sequence at Bass River that indicates no
relationship with sea-level lowering on the m.y. scale.
The carbon burial event does not appear to be associated
with maximum flooding either, indicating little correlation with sea-level rise on a m.y. scale. Within the sequence spanning the carbon event, there are at least 4
shallowing-upward parasequences (durations ;350–460
k.y.) indicated by changes in abundance and type of Epistomina species, d18O variations, and minor lithologic
variations. The highest occurrences of 6 Epistomina species and the origination of Epistomina sliteri Olsson n.
sp. are associated with the parasequences and possibly
with higher d18O values. There is no clear association of
parasequence boundaries inferred at Bass River with the
carbon burial event; thus, there does not appear to be a
relationship of the event with sea-level change on the 100
k.y. scale. We conclude that while the organic carbon
burial event was associated with a general long-term (10
m.y. scale) eustatic rise, the initiation and termination of
the peak organic burial event itself were unrelated to
sea-level change.

The New Jersey Coastal Plain Drilling Project (Ocean
Drilling Program Legs 150X and 174AX) was designed to
evaluate global sea-level change and its influence on the
timing and characteristics of sequences, stratigraphic units
bounded by unconformities and correlative surfaces that are
associated at least locally with the lowering of base level
(definition of Mitchum et al., 1977 modified by Miller et
al., 1998). Eocene-Miocene sequences recovered by Leg
150X demonstrated synchrony between sequence boundaries and d18O increases for the past 42 million years, implying a primary control by ice sheet growth and decay (Miller
and others, 1998). Leg 174AX drilling at Bass River, NJ,
USA (Fig. 1) targeted Upper Cretaceous (CenomanianMaastrichtian) sequences and evaluated the relationship between sea-level change and several critical events in Earth
History, including the Cretaceous/Tertiary boundary (Olsson and others, 1997) and the global peak in organic carbon
extraction/burial associated with the Cenomanian/Turonian
boundary.
Cenomanian to Turonian strata are characterized by organic-rich deposits resulting from an increase in burial of
organic carbon (Arthur and others, 1985, 1987). This organic burial event (Ocean Anoxic Event 2 ([OAE2]; Arthur
and others, 1985) is reflected in a pronounced positive excursion of d13C in the Cenomanian/Turonian boundary interval (e.g. Schlanger and others, 1987; Jenkyns and others,
1994). Long-term sea-level was near it highest levels
(180640 m above the present level) during the mid-Cretaceous, although the precise timing of the long-term record
is not well constrained: Revelle and others (1990) placed
the highest point in the Albian, while Haq and others (1987)
placed it in the early-mid Turonian. Million-year scale eustatic changes were superimposed on this long-term rise,
preserving discrete m.y.-scale unconformity-bounded stratigraphic sequences (Haq, 1987; Olsson, 1991; Gale, 1995,
1996; Mitchell and others, 1996). Rising d13C values
throughout the early Turonian mimic the long-term eustatic
curve, and the carbon burial event is generally associated
with a long-term sea-level maximum (Jenkyns and others,
1994; Arthur and others, 1987). Thus, carbon isotopic and
organic carbon burial events appear to be associated with
long-term (10-m.y. scale) sea-level rise. Relationships been
→

FIGURE 1. Cenomanian/Turonian stratigraphic section from the
Bass River borehole (see inset map for location). From left to right:
depth in ft, a generalized lithologic column, downhole gamma ray log,
cumulative percentages of the coarse fraction, sequences and lithologic
units, d13C values, and the percentage of total organic carbon. Wavy
line at 1806.4 ft indicates unconformity. FS 5 flooding surfaces defining the bases of parasequences. MFS 5 maximum flooding surface. x
5 highest occurrence of the genus Rotalipora.
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TABLE 1. Carbon and oxygen isotopic data for the late Cenomanian/
early Turonian, Bass River, New Jersey.
Sample depth
(ft)

Epistomina spp.
d18O

Epistomina spp.
d13C

1807
1807.6
1809
1809.6
1815
1839
1843.5
1845.5
1849.5
1851.5
1853.5
1853.5
1855
1855.5
1856
1857.5
1859.5
1861.5
1863.5
1865.5
1867.5
1869.6
1870
1871.5
1873.4
1875.5
1877.5
1879.5
1881
1885
1885
1887
1889
1891
1893.7
1897.5
1899.5
1905
1907.5
1909.5
1911.5
1915
1915
1915.5
1917.5
1919.5
1921.5
1923.5
1925
1925
1927.5
1932.8
1936.7
1937.5
1939.7
1940.6
1943.5
1943.9
1945
1945
1947.6
1949.5
1955

3.00
3.09
2.97
3.05
2.74
2.74
1.43
2.46
3.01
3.00
3.25
2.68
3.12
2.78
3.42
2.10
2.82
3.72
3.74
3.24
3.78
3.76
3.79
4.21
3.77
3.60
3.61
3.82
3.83
3.68
3.64
3.85
3.70
4.03
4.27
3.86
3.91
3.28
4.60
4.69
4.80
5.18
5.31
5.09
5.22
5.29
5.76
5.77
5.37
5.39
5.38
5.57
5.53
6.02
5.26
4.95
4.66
4.58
3.42
3.77
3.96
3.54
3.75

22.85
22.84
22.84
22.83
22.98
22.76
23.14
22.68
22.49
22.58
22.54
22.70
22.36
22.58
22.43
23.33
23.34
22.31
22.45
22.78
22.50
22.13
22.15
22.14
22.71
22.62
22.50
22.46
22.33
22.92
22.65
22.52
22.79
22.47
22.29
22.49
22.75
22.87
22.30
22.34
22.23
22.41
22.19
22.18
22.09
22.42
22.44
22.13
21.77
21.65
22.23
22.26
22.34
22.00
21.82
22.17
22.27
22.46
22.64
22.12
22.41
22.67
21.24

TABLE 1.

Sample depth
(ft)

1807.6
1809.6
1815
1825
1829.1
1843.5
1849.5
1851.01
1851.5
1853.5
1855.5
1856
1857.6
1859.5
1861.5
1863.5
1865
1867.5
1869.6
1870
1871.5
1873.4
1875.5
1877.5
1879.5
1881
1883
1885
1887
1889
1905
1925
1932.8
1936
1936.7
1936.7
1937.5
1937.5
1940.6
1947.6
1955

Continued.

Gavelinella spp.
d13C

Gavelinella spp.
d18O

1.77
1.70
1.44
1.28
1.59
1.00
1.19
1.63
1.26
1.14
0.84
1.30
1.76
1.78
1.13
1.09
2.06
2.08
1.92
1.28
1.94
2.19
1.55
1.47
1.66
1.72
2.04
2.12
1.89
2.14
1.72
2.87
3.69
3.14
1.99
2.30
4.31
4.10
1.58
1.23
2.02

23.06
23.26
23.48
23.07
22.82
23.40
23.36
23.01
23.05
23.58
23.22
22.78
23.58
23.81
23.46
23.34
23.00
23.24
22.93
22.48
23.04
23.13
23.51
23.53
23.44
23.40
22.91
22.71
23.01
22.88
22.71
22.11
22.74
22.01
23.41
23.08
22.36
22.64
23.79
23.73
21.66

Cenomanian-Turonian d13C events and sea-level change on
the m.y. scale are less clear; Gale (1995, 1996) and Mitchell
et al. (1996) suggested such a correlation. However, their
studies of pelagic sections lacked direct evidence for sealevel change. The only detailed record of sea-level for this
interval was provided in the synthesis of Haq and others
(1987), but public documentation of this portion of their
record has been very limited. The Bass River borehole provides an opportunity to assess directly the relationship between sea-level expressed in the sequence stratigraphic record and global d13C variations.
Studies of shallow-marine sections collected from the
New Jersey Coastal Plain have demonstrated that sequences
deposited in the updip section of this passive margin can
preserve detailed records for studies of eustasy. In addition,
contrasting facies and other paleoenvironmental indicators
including well-preserved benthic foraminifera allow for
clear identification of water-depth variations within sequences. This paper presents stratigraphic, isotopic, and paleoecological results from the continuously cored Cenomanian to
Turonian section from the Bass River borehole. We specif-
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ically focus on comparing sea-level changes on the m.y. and
k.y. scale with the d13C record across the C/T boundary.
METHODS
Core descriptions, core recovery, downhole gamma-ray
log, and cumulative coarse fraction percentages (Fig. 1) are
taken from the Bass River borehole site report (398369 420
N, 748269 120 W; Miller, Sugarman, Browning, and others,
1998). Cumulative percentages were computed from the
weight percent coarse fraction, with the percentage of glauconite vs. quartz sand fraction estimated visually.
Benthic foraminifera were picked from the .63 mm size
fraction and ultrasonically cleaned in distilled water. Stableisotope values of foraminifera were measured in the University of Maine Stable Isotope Laboratory on a VG Prism
II mass spectrometer, using an IsoCarb automated carbonate
prep system, and are reported relative to the VPDB standard
(Table 1). Samples were reacted in 100% phosphoric acid
at 908C for ten minutes. Each run of ;30 samples was preceded and followed by at least three standards of NBS-20,
with reported values of 24.14‰ and 21.06‰ for d18O and
d13C, respectively (Coplen and others, 1983). The standard
deviation (1 s) of the NBS-20 standards analyzed with the
samples was 0.06‰ and 0.05‰ for d18O and d13C, respectively.
We tentatively present d18O records from Bass River (Table 1), acknowledging that the burial depth (nearly 600 m)
and the variability in the d18O data probably indicate some
diagenetic overprinting. Such overprinting is much less of
a concern for d13C given its lower thermal coefficient and
its different pore water geochemistry (e.g., Bottinga, 1968).
In the case of Bass River, the excellent match of d13C records with global records indicates minimal diagenetic affect
on carbon isotopic composition.
Total carbon and carbonate carbon were measured at Penn
State University using a carbon dioxide coulometer with
total carbon and acidification modules. Carbonate carbon
was calculated by acidifying each sample with phosphoric
acid in a heated reaction vessel. Evolved CO2 was directed
into the carbon dioxide coulometer cell where it was measured by coulometric titration. Total carbon was measured
by combusting samples in an oxygen atmosphere at 9508C.
Evolved CO2 was handled in the same manner as acidevolved CO2. Total organic carbon was calculated by the
difference between total carbon and carbonate carbon. Sample runs were preceded by standard calibration and blank
runs. Analytical runs of ten samples were bracketed by standard calibration; at least one duplicate was run during each
set of ten samples. The precision of coulometric analyses at
Penn State University is regularly better than 1% of the
carbon present (Sageman and others, 1997).
Foraminifera were evaluated semi-quantitatively from the
.63 mm size fraction (Table 2). Benthic foraminiferal
changes were used to infer paleobathymetric variations.
Benthic foraminifera indicate that the entire section was deposited in shallow shelf (probably inner nerific; ,30 m)
environments. Relative abundance changes of Epistomina,
Ceratobulimina, and Reinholdella provide evidence for water-depth variations; biofacies dominated by these taxa rep-

resent progressively shallower environments, respectively
(Sikora and Olsson, 1991).
Nannofossil biostratigraphy was initially provided by D.
Bukry (in Miller, Sugarman, Browning, and others, 1998)
using the CC zonal scheme of Sissingh (1977). Additional
samples near the C/T boundary were examined for nannofossils (Table 3; L. de Romero, this study) using the boundary zonation of Bralower (1988). Smear slides were prepared using standard techniques. The slides were examined
with a light microscope at 1250X magnification. Pollen
zones were provided by G. Brenner (in Miller, Sugarman,
Browning, and others, 1998) using the zonal scheme of
Christopher (1979).
RESULTS
BIOSTRATIGRAPHY

AND

AGE ESTIMATES

The Bass River borehole recovered approximately 200 ft
(61 m) of upper Cenomanian to lower Turonian strata (nannofossil Zones CC10-CC11; pollen Zone IV). The Cenomanian/Turonian boundary recognized by nannofossils was
originally placed at the Zone CC10/CC11 boundary between 1930.9 and 1937.9 ft (588.5 and 590.7 m; Bukry, in
Miller, Sugarman, Browning, and others, 1998). Re-evaluation of the nannofossil data indicates that the highest occurrence (HO) of Lithraphidites acutum is at 1938.5 ft
(590.9 m); this species is restricted to the Cenomanian (e.g.,
Perch-Nielson, 1985; Bralower, 1988). The lowest occurrence (LO) of Eiffellithus eximius at 1936.5 ft (590.2 m) is
immediately below lowermost Turonian E. eximius Subzone
of the Parhabdolithus asper Zone (Bralower, 1988). The
major marker for the C/T boundary, Microstaurus chiastius,
is not found at Bass River. Thus, the C/T boundary at Bass
River is placed at ;1935.5 ft (590.6 m) based on the contact
of nannofossil Microstaurus chiastius and Eiffellithus eximius Subzones. Ancillary taxa support the placement of the
boundary at 1935.5 ft (589.9 m): 1) the HO of Parhabdolithus asper is 1932.5 ft (589 m); this species ranges into
the earliest Turonian (Bralower, 1988); and 2) the HO of
Axopodorhabdus albianus is at 1946.5 ft (593.3 m); this
taxon disappeared immediately prior to the C/T boundary
(Bralower, 1988). We conclude that the best estimate for the
placement of the C/T boundary based on nannofossils is at
1935.5 ft (589.9 m).
The initial report placed the Cenomanian/Turonian (C/T)
boundary at 1920 ft (585.2 m) based on the HO of the
planktonic foraminifera Rotalipora (Olsson in Miller, Sugarman, Browning, and others, 1998), at least 15.5 ft (4.7
m) higher than the nannofossil placement. This initial report
relied on the identification of a single isolated specimen of
R. brotzeni at 1920 ft (585.2 m). Subsequent examination
of samples indicates that the highest consistent occurrence
of the genus Rotalipora is at 1945 ft (592.8 m) at Bass River
(Table 2), suggesting strongly that the one specimen above
this is reworked or a contaminant. Because planktonic foraminifera are generally rare due to the shallow marine environment at Bass River, the definitive zonal marker R.
cushmani was not identified. Nevertheless, sufficient planktonic foraminifera were recovered from the section (Table
2) for us to identify Cenomanian strata at 1945 ft (592.8 m)
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TABLE 2. Foraminiferal data from the upper Cenomanian/lower Turonian strata, Bass River, New Jersey. x 5 present; VR 5 very rare (1–2
specimens); R 5 rare (3–5 specimens); F 5 frequent (5–10 specimens); C 5 common (10–15 specimens); A 5 Abundant (. 15 specimens). S 5
single, isolated specimen.

and below (i.e., the presence of this genus is a positive indicator of Cenomanian strata; Caron, 1985).
The Bass River sequence also contains palynomorphs assigned to Pollen Zone IV (Christopher, 1979). The age of
Zone IV generally has been interpreted as upper Cenomanian (Christopher, 1979), although it has been argued that this
zone continues into the early Turonian (Doyle and Robins,
1977). Based on foraminiferal and nannofossil correlations
summarized here, Pollen Zone IV is late Cenomanian to
early Turonian.
Biostratigraphic control is not sufficient to constrain rigorously sedimentation rates and durations of events, although there is sufficient control on the Bass River sequence
to estimate rates and durations. Using an age of 93.5 Ma
for the C/T boundary and 91.8 Ma for the lower/middle
Turonian boundary (Gradstein and others, 1995), the lower
Turonian portion of the Bass River sequence (131.1 ft, 40
m; Fig. 1) conservatively spans at most 1.7 m. y., and was
deposited at moderate to high sedimentation rates of 2.35
cm/k.y. Because the top of the sequence is truncated, the
section almost certainly does not span the entire early Turonian. W. Cobban (written communication, 1998) tentatively identified the late early Turonian marker Mammites
nodosoides at 1855 ft (565.4 m) at Bass River, suggesting
that this ammonite zone is at least partly represented (Fig.

2). This zone is ;0.7 m.y. in duration (Gradstein and others,
1995). Assuming that at least 1.3 m.y. of the early Turonian
is represented yields a sedimentation rate of 3.07 cm/k.y.
(corresponding to 20 to 29 k.y. sampling for the 2 to 3 ft
[0.6 to 0.9 m] sampling interval).
LITHO-

AND

SEQUENCE STRATIGRAPHY

We recognize two major unconformity-bounded sequences in the 200 ft (61.0 m) Cenomanian-Turonian section at
Bass River: 1) a lower sequence (the Bass River sequence;
Fig. 1) spans the C/T boundary and shallows upsection from
inner neritic to prodelta environments; this sequence corresponds with the Bass River Formation of Petters (1976) who
showed that this unit is Cenomanian to lower Turonian (see
also Sikora and Olsson, 1991); and 2) a more terrestrial
upper sequence (the Magothy sequence; Fig. 1) coarsens and
shallows upsection from prodelta to delta front to fluvial
environments; this sequence corresponds with the Magothy
Formation and perhaps part of the Raritan Formation (Miller, Sugarman, Browning, and others, 1998). This paper concentrates on the Bass River sequence because it is fossiliferous (containing well-preserved benthic foraminifera for
paleontologic, paleogeographic and isotopic analyses) and
spans the Cenomanian/Turonian boundary.
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TABLE 2.

Continued.

In the Bass River borehole, the Bass River sequence is
at least 150 ft (45.7 m) thick (1956.5–1806.4 ft; 596.3–
550.6 m; Fig. 1), and consists predominantly of a very dark
gray laminated, fossiliferous silty clay at the base (to 1914
ft; 583.4 m), grading upward into fossiliferous sandy silt to
clay (to 1859 ft; 566.6 m), and upward into fine sandy fossiliferous micaceous silts and clays. The unconformity at the
base of the Bass River sequence is below the total depth
(TD) of 1956.5 ft (596.3 m); an increase in glauconite near
the base of the borehole is typical of the lower portion of
sequences in New Jersey (Sugarman and others, 1995). This
indicates that the lower part of the sequence was penetrated
(Fig. 1). The Bass River sequence generally reflects a shallowing upward trend within the inner neritic environment
(Miller, Sugarman, Browning, and others, 1998).
CARBON ISOTOPES

AND

ORGANIC CARBON

Initial studies of the Bass River borehole (Miller, Sugarman, Browning, and others, 1998) showed that the section
contained enough well-preserved carbonate for carbon isotopic studies spanning the Cenomanian/Turonian boundary.
Miller, Sugarman, Browning, and others (1998) provided
coarsely spaced (;10 ft, 3 m) d13C analyses of this section,
showing that the global d13C pattern of increasing values
near the C/T boundary was well represented in this section.
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We increased sampling resolution to 2–3 ft (0.6–0.9 m) for
the benthic foraminifera Gavelinella and Epistomina (Table
1, Fig. 1).
Epistomina d13C variations are similar to those observed
in Gavelinella, although values are offset. The latter taxon
is generally rare to absent in parts of the Bass River sequence and the Epistomina isotopic record is much more
detailed. Epistomina is an aragonitic taxon that yields d13C
values that are significantly (;2‰) enriched relative to
Gavelinella. This is similar to the modern Hoeglundina (another aragonitic taxon of the Family Ceratobuliminidae) that
yields d13C values that are significantly (;1.3‰) enriched
relative to Cibicidoides (Shackleton and others, 1984). Gavelinella, like Cibicidoides, is generally the preferred benthic
foraminiferal taxon for stable isotopic studies (Shackleton
and others, 1984), although our studies show that Epistomina faithfully tracks Gavelinella carbon isotopic values (Fig.
1). Therefore, we rely on the more closely-sampled Epistomina d13C record for most of the detailed interpretations
and correlations presented below.
Carbon isotopic records of both Gavelinella and Epistomina show a large (.2‰) increase below the C/T boundary,
with maximum values of 6‰ in Epistomina and 4.3‰ in
Gavelinella attained just below the nannofossil-recognized
C/T boundary. Generally high d13C values (.4.5‰ in Epistomina) persist above the increase (1907.5–1938 ft;
581.4–590.7 m) in association with high values in sedimentary organic carbon (i.e., values greater than the mean of
0.87%; Table 4). The Bass River sequence is similar to coeval sections throughout the world that record peak organic
carbon with peak d13C values (e.g., the Bonarelli bed of
Italy; Scholle and Arthur, 1980; Jenkyns and others, 1994).
There is a sharp lower Turonian decrease in d13C values
in the Bass River sequence (1905.0–1907.5 ft; 580.8–581.6
m) that is immediately below a decrease in organic carbon
values (Fig. 1). Carbon isotopic values continue to decrease
from ;1890–1840 ft (576.1–560.8 m). Organic carbon values are low in the lower part of this section (i.e., less than
the mean; Fig. 1), but increase to the highest values noted
in the section at ;1838 ft (560.2 m). This second interval
of high organic carbon occurs in the shallowest paleodepths
of the Bass River sequence, and is associated with low d13C
values at Bass River (Fig. 1) and globally (Jenkyns and
others, 1994); thus, although this interval may reflect a local
productivity event evinced by high sedimentary organic carbon, it does not appear to reflect a global carbon burial
event.
Our current sampling interval does not allow detailed
evaluation of 10 k.y.-scale events, although there are hints
of very rapid changes. The Gavelinella d13C record shows
a large increase just below the C/T boundary, followed by
a sharp decrease (1936.7 ft; 590.3 m), and then another increase (1936 ft; 590.1 m). If real, this sharp decrease represents extremely large, rapid fluctuations in the carbon system. Using sedimentation rate estimates of 2.35 or 3.07 cm/
k.y. (see above), the sharp change in Gavelinella represents
5-6 k.y. or less (i.e., it occurs between two closely spaced
[0.7 ft, 0.2 m] samples). However, this transient decrease is
not recorded in the Epistomina d13C record (Fig. 1), although resolution of this record is lower in the section of

444

SUGARMAN, MILLER, OLSSON, BROWNING, WRIGHT, DE ROMERO, WHITE, MULLER, AND UPTEGROVE

TABLE 3. Calcareous nannofossil range chart at the Cenomanian/Turonian boundary, Bass River New Jersey. Nannofossil zonation is after Bralower
(1988). VR 5 one specimen observed; R 5 few specimens observed; X 5 many specimens observed; C 5 one or more specimens per field of
view.

interest. Higher resolution records of both taxa are needed
to validate this transient decrease.
Global comparisons between the Bass River d13C record
and other published records show an excellent correlation
(Fig. 2). The d13C increase, high d13C values (1908–1938 ft;
581.6–590.7 m), and rapid d13C decrease (1905–1907.5 ft;
580.6–581.4 m) observed at Bass River are interpreted as
global (Fig. 2). The global significance of the peak d13C at
1937.5 ft (590.6 m) in both Gavelinella and Epistomina and
the subsequent trend of decreasing values within the peak
interval is not clear because they are not well represented
in other sections (Fig. 2, see below).
Strikingly similar d13C records have been reported from
upper Cenomanian and lower Turonian sections at the Bass
River borehole, an Eastbourne, England outcrop (Gale and
others, 1993), and a borehole near Pueblo, Colorado (Pratt
and Threlkeld, 1984) (Fig. 2). We compared the three sections (Fig. 2) by pattern matching each record plotted versus
depth. We obtained an excellent visual fit by scaling the
sedimentation rate at Bass River to 78% of the Eastbourne
section and offsetting the Eastbourne bulk d13C record by
10.75%. Our correlation implies that the Eastbourne section
had slightly higher sedimentation rates; the bulk Eastbourne
d13C record yields higher values than benthic foraminifera
from Bass River; this is consistent with modern and ancient
differences maintained by the ‘‘biological pump’’ (Broecker
and Peng, 1982; Shackleton, 1987). Comparisons with the
d13C record from Pueblo, Colorado are less straightforward

because the latter was derived from d13C of carbon, not carbonate (Pratt and Threlkeld, 1984). Nevertheless, the Pueblo
d13C record (Fig. 2) shows virtually identical patterns and
amplitudes as the bulk d13C at Eastbourne (with virtually
the same thickness and inferred sedimentation rate) and the
benthic foraminiferal d13C record at Bass River, suggesting
that all three recorded global variations in the carbonateorganic carbon system.
Our simple pattern matching yields remarkably good correspondence among the isotopic records (Fig. 2): 1) the increase in global d13C values begins in Bass River, Eastbourne, and Pueblo sections in the upper Cenomanian; 2)
higher values span the C/T boundary in all 3 sections; and,
3) there is a decrease in all 3 sections in the lower Turonian.
There appears to be minor differences in biostratigraphic/
d13C correlations: 1) the HO of R. cushmani occurs immediately above the d13C increase at Eastbourne and Pueblo;
the HO of Rotalipora spp. at Bass River at 1945 ft (592.8
m) is just below the increase; 2) nannofossil correlations
suggest some diachrony, because the base of the P. asper
Zone at Pueblo is associated with the top of the d13C increase while the d13C increase at Bass River is entirely within the P. asper Zone; and 3) the C/T boundary as correlated
here (Fig. 3) appears to be diachronous relative to the d13C
variations. The nannofossil-recognized boundary at Bass
River is associated with the d13C increase, while the ammonite-recognized boundary at Eastbourne and Pueblo is
associated with the d13C maximum. We attribute these minor
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TABLE 3.

differences (K1 m.y. assuming sedimentation rates at Bass
River outlined above) to minor diachrony and fossil intercalibration problems.
The thickness of the interval of high d13C and high total
organic carbon values associated with the C/T boundary
suggests the carbon burial event lasted several hundred k.y.
The broad d13C maxima at Bass River (1905–1945 ft;
580.6–592.8 m) has a maximum duration of ;500 k.y.
based on our conservative estimate of sedimentation rates
(2.35 cm/k.y) to a minimum duration of ;400 k.y. based
on the higher sedimentation rate estimate of 3.076 cm/k.y.
PALEOECOLOGY

OF

EPISTOMINA

Species of the benthic foraminifer Epistomina are biostratigraphically useful in Jurassic/Cretaceous stratigraphic
sections principally in Europe and in eastern Canada (Williamson and Stam, 1988). Jurassic and Cretaceous Epistomina spp. lived primarily in shallow (inner neritic) environments where biostratigraphically useful species of planktonic foraminifera are rare to absent. Epistominids diversified
first in the Jurassic and again in the Early Cretaceous (Williamson and Stam, 1988). Speciation of epistominids involved mostly ornamented morphotypes (forms with raised
sutures and reticulations or pitting) that became extinct during times of ‘‘crisis’’; smooth-walled morphotypes generally
survived these turnovers. Following each radiation, ornamented morphotypes were largely eliminated in the late Ju-
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Continued.

rassic and again in the late Albian turnover. New Jersey
Cenomanian and Turonian sections provide one of the few
records of ornamented epistominids of this age (Sikora and
Olsson, 1991).
The upper Cenomanian-lower Turonian section in the
Bass River borehole contains abundant, diverse, and wellpreserved epistominids. Six of the seven recognized species
in this section have their origins in the Early Cretaceous
(Albian or older) and one species, Epistomina sliteri n. sp.,
had its origin in the early Turonian (Fig. 3). Of the ornamented species, two (E. suturalis, E. cretosa) disappeared
in the Cenomanian and one (E. carpenteri) disappeared in
the Turonian at Bass River (Fig. 3). Three smooth-walled
species (E. chapmani, E. lenticularia, E. stelligera) had
their HO’s in the Turonian at Bass River. Epistomina sliteri
n. sp., an ornamented species, evolved from the smoothwalled species E. lenticularia in the early Turonian.
Recurrent, upsection changes occur in upper Cenomanian
to lower Turonian benthic foraminifera at Bass River, with
Epistomina at the base, Ceratobulimina in the middle and
Reinholdella at the top of four repeating successions (Table
2). We interpret these successions as shallowing upward
parasequences bounded by flooding surfaces (FS). At least
4 FS’s are recognized in the Bass River section (Fig. 3).
Epistominids are most abundant, often dominating the benthic assemblage, in the basal transgressive parts of parasequences and become rarer or even absent in the upper parts
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TABLE 4. Total organic carbon from the upper Cenomanian/lower
Turonian strata, Bass River, New Jersey.
Depth (ft)

%TOC

Depth (ft)

%TOC

Depth (ft)

%TOC

1954
1953
1952
1951
1950
1949
1948
1947
1946
1945
1944
1943
1942
1941
1940
1938
1937
1936
1935
1934
1933
1932
1931
1930
1929
1928
1927
1926
1925
1924
1923
1922
1921
1920
1919
1918
1917
1916
1915
1914
1913
1912
1911
1910

0.34
0.5
0.72
0.57
0.78
1.01
0.35
0.69
0.98
0.94
1.09
0.82
0.83
1.16
0.74
1.3
0.88
0.72
1.55
1.32
0.95
0.89
1.14
1.03
1.18
0.89
0.66
0.88
0.89
1.31
1.09
1.39
1.11
1.06
1.29
1.06
0.97
0.86
1.27
0.8
0.92
0.97
0.44
0.59

1909
1908
1907
1906.5
1906
1905
1904
1903
1902
1901
1900
1898
1897
1896
1894
1893.5
1893
1892
1891
1890
1889
1888
1887
1886
1885
1884
1883
1882
1881
1880
1879
1878
1877
1876
1875
1874
1873
1872
1871
1870
1869
1868
1867
1866

0.69
0.89
0.95
1.22
1.16
1.03
0.78
1.01
0.86
0.58
0.7
0.6
0.75
0.52
0.46
0.15
0.63
0.78
0.98
0.87
1
0.82
0.71
0.73
0.8
1
1.29
0.5
0.71
0.6
0.58
0.91
0.85
0.81
0.78
0.64
0.53
0.64
0.24
1.25
0.29
1.15
0.97
0.87

1865
1864
1863
1862
1859
1856
1855
1854
1852
1849
1847
1844
1841
1838
1835
1832.8
1830
1827
1824
1822
1819
1817
1814
1811
1808
1805
1803A
1800
1795
1792
1789
1787
1784
1776
1773
1770
1763
1760
1751
1744

0.38
0.36
0.48
0.39
1.36
0.83
0.61
1.59
1.32
1.15
0.9
1.21
1.99
1.1
1.11
0.83
1.33
1.21
0.28
0.99
0.45
1.49
0.33
0.35
0.35
1.48
1.4
1.8
2.61
1.35
0.86
1.06
1.45
0.13
0.72
0.07
0
0.02
0.03
1.3

of the parasequences (Table 2). The significance of these
parasequences is discussed below.
The Bass River borehole provides insights into epistominid evolution and paleoecology. Epistominid assemblages
are often dominated by one or two species and other species
are rare or even absent. This pattern suggests that Epistomina species may have been narrowly adapted to certain microenvironments or ecological relationships, which may
help explain their variable stratigraphic ranges noted elsewhere in the record (Williamson and Stam, 1988). Epistominid species generally have their HO’s within the lower parts
of parasequences at Bass River except for E. suturalis,
which had its HO at the base of a parasequence (Fig. 3).
Because the epistominids were shallow, inner-shelf dwellers, the stress of sea level and temperature fluctuations may
explain their disappearance in the late Cenomanian and early Turonian. There is no clear correlation of epistominid
disappearances with the Bonarelli/OAE2 d13C excursion;

therefore, variations in carbon cycling appear to be unrelated
to epistominid evolution.
We speculate that disappearances of epistominid species
may be associated with periods of cooler temperatures because the HOs of six species is in the lower parts of parasequences associated with higher d18O values (Fig. 3). As noted above, the d18O records from Bass River probably reflect
some diagenetic overprinting by isotopically depleted pore
water. Nevertheless, the d18O data (Fig. 3) do show a relatively coherent pattern with maximum values attained near
the bases of parasequences and the highest occurrences of
epistominid species.
COMPARISON

OF

d13C

WITH

SEA LEVEL CHANGES

Million year-scale (i.e., the 2nd- and 3rd-order events of
Haq and others, 1987) sea-level falls did not cause the initiation or the termination of the organic carbon burial event.
The Bass River borehole contains a continuous C/T boundary section and a global record of the C/T d13C excursion
(Fig. 2). The entire carbon burial event is contained within
the Bass River sequence. In general, sequence-bounding unconformities represent lowerings of regional baselevel (Mitchum and others, 1977), usually associated with global sealevel lowerings or tectonic events (Christie-Blick, 1991).
Sequence boundaries noted throughout the New Jersey
Coastal Plain are interpreted as reflecting lowering of sea
level (i.e., Olsson, 1991; Miller and others, 1998). It is clear
from the results at the Bass River borehole that there is no
sequence boundary or major lowering of baselevel associated with the C/T organic carbon burial event, either its
initiation or termination. This argues against any correlation
between eustatic lowering on the m.y. scale and carbon burial.
Although the OAE2 carbon burial event is independent
of sea-level lowering, global carbon extraction appears to
be associated with a long-term tectonoeustatic sea-level rise
and the highest sea level of the past 100 m.y. (Haq and
others, 1987; Sahagian and Jones, 1993). It is possible that
such a relationship occurs on a m.y.-scale (e.g., Mitchell and
others, 1996): the initiation of the carbon extraction event
at Bass River could be associated with a Maximum Flooding Surface (MSF). Such MFSs are inferred to represent the
maximum rates of sea-level rise (e.g., Posamentier and others, 1988). We test the possible relationship between MFS
(5 inferred sea-level rises) and the carbon extraction event
below.
The placement of the MFS in the Bass River sequence is
not clear. We initially placed the MFS at ;1950 ft (594.4
m) at the top of a glauconitic layer (Fig. 1; Miller, Sugarman, Browning, and others, 1998) similar to other MFSs in
the Upper Cretaceous of New Jersey (Sugarman and others,
1995). While we still favor this placement, we note that the
MSF could be placed at two other levels: 1) it is possible
to place the MFS at 1925 ft at a lithologic change from
clays below to silty clays above; this minor coarsening is
also associated with the base of a FS identified using benthic
foraminifera (see below); 2) a MFS could be inferred at
1935–1940 ft (589.8–591.3 m) based on a sharp increase in
Gavelinella d18O values (Fig. 3; Table 1). However, this
increase is not noted in Epistomina d18O values and, as not-
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FIGURE 2. Comparison of upper Cenomanian d13C records from Bass River, New Jersey and Eastbourne, England. The Eastbourne section is
from Jenkyns and others (1994). Note that the depth scales vary, with the Bass River 78% of Eastbourne. The carbon isotopic scale at Eastbourne
is offset from Bass River by 1 0.75‰. On right is the d13C of organic carbon and stratigraphy from a section near Pueblo, Colorado (Pratt and
Threlkeld, 1984). x 5 highest occurrence of the genus Rotalipora at Bass River.

ed above, there is probably some diagenetic overprinting of
d18O values. We conclude that the most likely placements
of the MSF (either 1950 or 1925 ft) both preclude a close
association of sea-level rise and the initiation or termination
of the organic carbon burial event.
We further examine the relationship of sea-level and the
major C/T carbon burial event by evaluating minor changes
in water depth on the 100 k.y. scale associated within the
Bass River sequence. The identification of the flooding surfaces within this sequence allows recognition of parasequences (packages bounded by flooding surfaces; Van Wagoner and others, 1988).
We tentatively identify 4–5 parasequences in the Bass
River sequence based predominantly on paleoenvironmental
interpretations using benthic foraminifera (especially the relative abundances of Epistomina, Ceratobulumina and Reinholdella), changes in the d18O record (Fig. 3), and variations
in sedimentary facies and grain size (there are increases in
foraminifera comprising coarse-fraction carbonate associated with 3 out of 4 FS’s; Fig. 1). These parasequences represent small variations in water depth that may or may not
reflect eustatic changes. Benthic foraminifera indicate deposition in the inner neritic zone throughout (,30 m), although deposition probably was somewhat deeper at the
base of parasequences. Nevertheless, the water-depth variations delineated here are ,30 m; if ascribed entirely to
eustasy and correcting for water loading, they would correspond to eustatic variations of ,20 m (Watts and Steckler,
1979).

The parasequence boundaries and attendant water-depth
changes tentatively identified (Fig. 3) are not associated
with the carbon burial event at Bass River. The base of the
lowermost parasequence in the Bass River borehole is uncertain. Of the 4–5 FSs identified in the Bass River section,
none are associated with the initiation of the C/T carbon
burial event. One FS (1900 ft; 579.1 m) just overlies the
termination of the C/T carbon burial event at 1907.5 ft
(581.4 m). While it is possible that other variations in water
depth occurred in this section, they would be low amplitude
(K30 m water depth and K20 m of eustasy; Fig. 3). Thus,
we conclude that there appears to be no relationship between
the carbon burial event and flooding surfaces on the 100
k.y. scale.
The high d18O values associated with the base of parasequences may be due to cooler temperatures associated with
greater paleodepths. Although some may argue that high
d18O values represent ice volume increases in this purportedly ice-free world (Stoll and Schrag, 1996), our data clearly
contradict this on the 100 k.y. scale because the d18O maxima are associated with maximum water depths (flooding
surfaces), not eustatic lowerings. Note also that the d18O
values show little or no correspondence with the d13C data,
again indicating little or no association between water-depth
variations and the carbon burial event.
The parasequences at Bass River represent minor changes
in water depth (,30 m) that occurred on the 300–600 k.y.
scale. With bounding surfaces at 1924.5, 1900, 1856, and
1818 ft (586.6, 579.1, 565.7, and 554.1 m) the parasequenc-
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FIGURE 3. Comparison of d13C and d18O data with parasequences from upper Cenomanian/lower Turonian Sequence 1 from the Bass River
borehole. Also shown are the range terminations of the epistomininds in the borehole. FS 5 flooding surfaces defining the bases of parasequences.
x 5 highest occurrence of the genus Rotalipora at Bass River.

es have thicknesses of .35, 24.5, 44, and 38 ft (10.7, 7.5,
13.4, and 11.6 m). These correspond to durations of .455,
318, 571, and 493 k.y. assuming a constant sedimentation
rate of 2.35 cm/k.y., and 348, 243, 436, and 377 k.y. assuming a sedimentation rate of 3.07 cm/k.y. Although not
definitive, the cyclicity observed is close to the ca. 400 k.y.
eccentricity cycle.
CONCLUSIONS
The Bass River 174AX borehole recovered a complete C/
T boundary section. The section is predominantly lower Tu-

ronian (.35m), with at least 6 m of upper Cenomanian
strata. Using an age of 93.5 Ma for the C/T boundary and
91.8 Ma for the lower/middle Turonian boundary (Gradstein
and others, 1995), the lower Turonian section conservatively
spans 1.7 m.y., and was deposited at sedimentation rates of
.2 cm/k.y.
The Cenomanian/Turonian isotopic section was compiled
from samples taken every 2-3 ft (0.6-0.9 m) for a 20 to 29
k.y. sampling interval. The more detailed Epistomina d13C
record was positively offset by 2‰ versus the Gavelinella
profile. Our peak d13C values of 6‰ for Epistomina and
→

PLATE 1
All specimens from Bass River Borehole, bar 5 100mm. 1–2 Epistomina chapmani Ten Dam. Sample 1950.0–.1 ft (594.5 m). 3–5 Epistomina
cretosa Ten Dam. Sample 1945.0–.1 ft (593.0 m). 6–9 Epistomina carpenteri (Reuss). Sample 1910.0–.1 ft (582.3 m). 10–13 Epistomina suturalis
Ten Dam. Sample 1955.0–.1 ft (596.0 m). 14, 15 Epistomina stelligera (Reuss). Sample 1910.0–.1 ft (582.3 m). 16–18 Epistomina lenticularia
Tappan. Sample 1936.0–.1 ft (590.2m). 19–24 Epistomina sliteri n. sp. Sample 1853.0–.1 ft (564.9 m). 19 holotype (USNM #499265), 20–24
paratypes (USNM #499266-499270).
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4.3‰ for Gavelinella at 1937 ft (41.8 m) near the C/T
boundary. The global C/T carbon burial (Bonarelli/OAE2)
event is correlated with a broad d13C maxima from 1945–
1905 ft (592.8–580.6 m) at Bass River. This interval also
has corresponding high total organic carbon values. The
broad d13C maxima has a duration of 400–500 k.y. based
on sedimentation rate estimates and shows excellent correlation with other global records.
The broad latest Cenomanian d13C increase, latest Cenomanian-early Turonian d13C maxima, and early Turonian
d13C decrease are all contained within one m.y.-scale sequence at Bass River, arguing against any correlation between eustatic lowering and carbon burial on the m.y. scale.
We find no definitive evidence for the association of d13C
and flooding surfaces (including MFSs). Within the Bass
River sequence, there are at least 4–5 parasequences (units
bounded by flooding surfaces) identified on minor lithologic
variations, benthic foraminiferal variations, and d18O maxima. Comparison of parasequence boundaries and the d13C
record also shows a lack of correlation between water depth
and d13C variations on the 100 k.y. scale. There is a general
correlation of the HO’s of six species and the origin of one
species of Epistomina with periods of cooler temperatures
indicated by higher d18O values. We conclude that, while
epistominid extinction and evolution probably was related
to sea-level change, the initiation and termination of the
Bonarelli/OAE2 carbon burial event was unrelated to sealevel change on the m.y. or k.y. scale.
SYSTEMATIC DESCRIPTIONS
Family CERATOBULIMINIDAE Cushman, 1927
Subfamily EPISTOMINIDAE Wedekind, 1937
Epistomina Terquem, 1883

Epistomina carpenteri (Reuss) 1862
Plate 1, figs. 6–9
Rotalia carpenteri, p. 94, pl. 13, fig. 6a–c.
Remarks. This species is identified by it convex test and thin slightly
raised sutures on the ventral side. The raised dorsal sutures are usually
discontinuous and sometimes absent between the last-formed chambers. Small reticulations or pits are sometimes present in the umbilicus
and on the dorsal sutures. The surface of the test wall is lightly to
heavily covered, more so on the dorsal side, with small pustules. The
species was described from the Albian of north Germany and subsequently has been recorded from the Albian of England (Hart and others, 1981), the Netherlands (Ten Dam, 1948) and eastern Canada (Scotian shelf, Ascoli, 1976). In the Bass River borehole Epistomina carpenteri is present in the upper Cenomanian and disappears in the lower
Turonian.
Epistomina chapmani Ten Dam 1948
Plate 1, figs. 1, 2
Epistomina chapmani, p. 166, pl. 1, fig. 5.
Remarks. This smooth-walled, biconvex species was described from
the Albian of the Netherlands. Hart and others (1981) record an Aptian
to lower Cenomanian range in Europe and Ascoli (1976) records an
Aptian to Albian range in eastern Canada (Scotian shelf). Sikora and
Olsson (1991) reported an upper Albian to upper Cenomanian range
in the New Jersey coastal plain. In the Bass River borehole the species
disappears in the lowermost Turonian.
Epistomina cretosa Ten Dam 1947
Plate 1, figs. 3–5
Epistomina cretosa, p. 29, fig. 6.
Remarks. This distinctive species is recognized by its sharply raised

sutures and umbilical collar on the ventral side. The dorsal keel is
strongly developed and the ventral keel less so. The species is described from the Albian of the Netherlands. The species occurs widely
in the Albian of Europe (Hart, 1983; Williamson and Stam, 1988). A
Hauterivian to Albian range is recorded by Ascoli (1976) in eastern
Canada (Scotian shelf). It has previously been reported from the upper
Albian and upper Cenomanian of New Jersey (Sikora and Olsson,
1991). In the Bass River borehole the species disappears in the uppermost Cenomanian just below the Bonarelli/OAE2 d13C excursion.

Epistomina lenticularia Tappan 1943
Plate 1, figs. 16–18
Epistomina lenticularia, p. 512, pl. 82, fig. 12a–c.
Remarks. This distinctive species is easily recognized by its compressed, flattened test and wide dorsal keel. The dorsal side is planar
or slightly concave, suggesting that this species in life was attached to
marine grasses. The species was described from the Albian of the Gulf
Coastal Plain (Tappan, 1943). Ten Dam (1948) reported it in the Albian
of the Netherlands. The only other record of this species is from the
upper Albian and upper Cenomanian of the New Jersey coastal plain
(Sikora and Olsson, 1991). Sikora and Olsson reported sporadic occurrences of this species in the upper Cenomanian. In the Bass River
borehole the species is common to abundant in the Cenomanian and
Turonian. The species gave rise to Epistomina sliteri n. sp. in the
Turonian.
Epistomina stelligera (Reuss) 1854
Plate 1, figs. 14, 15
Rotalina stelligera, p. 69, figs. 15a–c.
Remarks. This species is recognized by its smooth wall and slightly
elevated sutures which merge into a raised massive umbilicus. Ohm
(1967) gives a Turonian to Coniacian range in Europe for this species
and Ascoli (1976) records a similar range in eastern Canada (Scotian
shelf). Sikora and Olsson (1991) reported an upper Cenomanian to
lower Turonian distribution in the New Jersey coastal plain. In the Bass
River borehole it ranges into the middle part of the Turonian section.
Epistomina stelligera appears closely related to Epistomina chapmani.
Intermediate morphotypes between the two species were noted in the
New Jersey upper Albian and upper Cenomanian by Sikora and Olsson
(1991) and are also noted in this study.
Epistomina suturalis Ten Dam 1947
Plate 1, figs. 10–13
Epistomina reticulata (Reuss) 1862 var. suturalis, p. 169, pl. 2, fig. 5.
Remarks. Its biconvex test, sharply raised sutures and small umbilical reticulations or pits on the ventral side, and raised sutures and
larger reticulations on the dorsal side characterize this species. A sharp,
narrow dorsal keel is present. The species was described from the
Albian of the Netherlands. The morphologically similar Epistomina
reticulata (Reuss) has a Barremian to Albian range. It differs from E.
suturalis in having less distinctly raised ventral sutures and larger umbilical reticulations. In the Bass River borehole E. suturalis occurs in
the basal part of the upper Cenomanian section where it has a short
range before disappearing prior to the Bonarelli/OAE2 d13C excursion.
Epistomina sliteri Olsson n. sp.
Plate 1, figs. 19–24
Diagnosis. Test with 8–9 chambers in the final whorl, compressed,
flattened, with a planodorsal side and slightly inflated ventral side. Test
periphery sharply acute with a broad thin keel, and a subdued secondary keel which is slightly stepped back on the ventral side. Dorsal
chambers reniform in shape and overlap equally on preceding chambers and whorls, describing a flattened V-shaped inner margin. Dorsal
sutures thickened and may be slightly raised, especially on the inner
spiral where pitting or reticulate ornamentation may occur. Ventral sutures slightly depressed between the later formed chambers in the final
whorl but sometimes raised as thin ridges within slight depressions on
the earlier formed chambers. Sutures are pitted and reticulate in the
umbilical area. Primary aperture is a thin slit on the face of the ultimate
chamber, secondary lateral marginal apertures are closed on all chambers except the final one.
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Maximum diameter: 571–780 mm
Deposition of types. Holotype from sample 1853.0–.1 ft (564.9 m)
and paratypes from sample 1853.0–.1 ft, Bass River borehole were
deposited in the U.S. National Museum of Natural History (holotype,
USNM #499265; paratypes, USNM #499266-499270).
Remarks. This distinctive species is named in recognition of the
contributions to Cretaceous geology made by the late William (Bill)
Sliter. The species is characterized by a broad, thin, fringing keel and
by the presence of pitting and reticulations in the umbilical area and
sometimes on the spiral area of the dorsal side. It differs from Epistomina lenticularia, which is regarded as the ancestral species, by the
presence of the pitting and reticulations. Both E. lenticularia and E.
sliteri n. sp. have flattened, sometimes slightly concave dorsal sides
which suggests that they were probably attached to flat surfaces such
as marine grasses.
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