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ABSTRACT

The primary aim of the this investigation was to examine the stabil-
ity of subtropical sea-surface temperatures and reconstruct the surface-
to-benthos thermal gradient. High-resolution stable isotopic analyses
(δ18O and δ13C) were conducted on late middle Eocene planktonic and
benthic foraminifers recovered from Hole 1051B, Blake Nose, western
North Atlantic. The sequence comprises a siliceous nannofossil and for-
aminifer ooze, with well-preserved calcareous microfossils. Isotopic ex-
amination was conducted on the mixed-layer dweller Morozovella
spinulosa and the benthic foraminifer Nuttalides truempyi at this sub-
tropical site.

INTRODUCTION

Site 1051 (30°03′N, 76°21′W) is located at a water depth of 1980 m at
Blake Nose, western North Atlantic. This site includes an expanded and
virtually entire Paleogene section of pelagic and hemipelagic sediments,
from Paleocene to early late Eocene age. The sediments consist predom-
inantly of a siliceous nannofossil and foraminifer ooze (Norris, Kroon,
Klaus, et al., 1998). The middle Eocene foraminifers recovered at this
site are highly suitable for isotopic examination as they are well pre-
served. In this data report we detail the isotopic analyses conducted on
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planktonic and benthic foraminifers from the late middle Eocene of
Hole 1051B.

Whereas the climatic shifts during the Eocene are understood in gen-
eral terms, many specific questions remain unanswered, particularly in
terms of the variability of climate, the timing of oceanic cooling, and
the effect on oceanographic structure. This is because high-resolution,
low-latitude Paleogene records are scarce and previously acquired
Eocene records are either incomplete, intermittently cored, or disturbed
by drilling through Eocene chert.

Tropical sea-surface temperatures (SSTs) have been shown to be es-
sential to verify the character of forcing and feedback of warm climatic
states. However, a disparity prevails between proxy temperature inter-
pretations from isotopic (e.g., Boersma et al., 1987; Zachos et al., 1994;
Bralower et al., 1995) and paleontological indices for the middle Eocene
tropics (e.g., Adams et al., 1990; Graham, 1994).

We have produced δ18O and δ13C profiles from well-preserved plank-
tonic foraminifers, which will be used to obtain late middle Eocene SSTs
from the subtropical Atlantic. The stable isotope record from Site 1051
will be applied to document and assess the scale and timing of rela-
tively short term climatic changes associated with the switch from the
early Eocene greenhouse to the late Eocene icehouse world in the Atlan-
tic Ocean. Benthic foraminifers are analyzed to compare benthic tem-
peratures with nearby Ocean Drilling Program Site 1052 and to obtain a
direct measurement of thermal gradients in the intermediate waters
over the Blake Nose. In addition, the comparison of temperature
records derived from planktonic and benthic foraminifers permits re-
construction of the surface-to-benthos thermal gradient in the western
North Atlantic.

METHODS AND PROCEDURES

For isotopic analyses, 2.8-cm3 samples from Hole 1051B were exam-
ined at 10-cm intervals. All samples were dried, weighed, soaked in a
Calgon/peroxide solution overnight, and wet sieved on a 63-µm mesh.
The >63-µm size fraction was then oven dried at <50°C and weighed
again to obtain a measurement of percentage coarse fraction (>63 µm).
For planktonic foraminiferal analyses the >63-µm fraction was dry
sieved into three different size fractions: >355 µm, 250–355 µm, and
<250 µm. Isotopic examination was conducted on planktonic foramini-
fers from the 250- to 355-µm size fraction. A narrow size fraction was
selected to overcome vital and ontogenetic effects on stable isotopic in-
terpretation (Shackleton et al., 1985; Corfield and Cartlidge, 1991; Pear-
son et al., 1993).

The mixed-layer dweller Morozovella spinulosa was selected for analy-
sis because of its ease of identification, abundance within the samples,
and light δ18O values. When this taxon was rare, Morozovella crassata,
Acarinia praetopilensis, or Globigerinatheka mexicana were chosen as the
best alternatives.

For planktonic isotopic investigation, multiple specimens of the
same species were picked for each sample studied, normally 5–20 indi-
viduals depending on abundance. Analysis of multiple specimens pro-
vides results that are nearer to the species mean stable isotopic value
than analyses conducted on single specimens. However, using this
method, data on intraspecific deviation are lost (Pearson and Shackle-
ton, 1995). Sample weights were usually 0.17 ± 0.03 mg. Before analy-
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sis, specimens were placed in methanol and cleaned ultrasonically to
dislodge attached fine calcite particles. Ultrasonic cleaning was re-
peated when visual examination proved this to be required.

All planktonic foraminifer samples were analyzed isotopically using a
VG Isogas Prism III mass spectrometer at the University of Edinburgh,
Scotland. Normal corrections were employed, and results of stable iso-
tope measurements are expressed in parts per thousand relative to the
Peedee belemnite (PDB) standard reference carbonate of zero (Craig,
1957). Silver Mine (SM) calcite powdered standard was measured con-
currently (mean = 0.20 mg) to record analytical precision and instru-
ment calibration. Replicate analyses of standards gave rise to standard
deviations of 0.09‰ for δ18O and 0.05‰ for δ13C.

The benthic foraminifer Nuttalides truempyi was picked from the
>150-µm fraction and analyzed isotopically with a Finnigan MAT252
mass spectrometer and associated automated carbonate device (“Kiel
Device”) in the Department of Geology and Geophysics at the Woods
Hole Oceanographic Institution. Samples (average weight = 60 µg) were
lightly crushed in the reaction vessels to ensure complete reaction with
phosphoric acid at 70°C. Six standards were run with each set of 40 un-
knowns; standards included Carrara Marble, Atlantis II deep-sea coral,
and B-1 marine carbonate. Results were corrected to VPDB (PDB esti-
mated by analysis of NBS-19) followed by a second correction for sam-
ple gas volume. Replicate analyses of all three standards yield standard
errors of 0.08‰ for δ18O and 0.04‰ for δ13C as averages for reproduc-
ibility on the A and B lines in the Kiel Device.

Leg 171B material has never been deeply buried, resulting in the ex-
cellent preservation of foraminifers. Light and scanning electron mi-
croscopy shows the foraminifers to be devoid of carbonate infilling and
visible dissolution. Pores on the outer and inner test walls are plainly
visible with no surficial overgrowth. Preservation of primary calcite is
shown by cross sections through the test walls where pores are open
and smooth. A minor amount of fine carbonate debris (mainly cocco-
liths) are seen attached to the test surfaces. Good preservation is also
confirmed by the difference in δ18O between the planktonic species and
between planktonic and benthic species, whereas uniform δ18O values
are forecast from models of bulk carbonate diagenetic alteration (Kill-
ingley, 1983; Schrag et al., 1995). Our results will contribute to the de-
bate on mechanisms of climate change by establishing subtropical SSTs
from well-preserved and complete material, without the consequences
of diagenic alteration.

RESULTS

The data are displayed in Table T1. Here we list sample, depth in
meters below seafloor (mbsf), taxon, size fraction, stable isotopic results
of oxygen and carbon, and for planktonic foraminifers the number (N)
of specimens analyzed.

Warm climatic intervals were previously thought to be periods of rel-
ative stability. However, our results reveal large shifts in the δ18O values
of the subtropical surface waters between –2‰ and 0‰ PDB (Fig. F1).
The δ18O values obtained from the benthic foraminifers show fluctua-
tions between 0‰ and 1.5‰ PDB. Large variations are also seen in the
planktonic foraminifer δ13C values, between 0.7‰ and 3.1‰ PDB,
whereas the δ13C values of benthic foraminifer range from 0.2‰ to
1.3‰ PDB (Fig. F2). The results from Leg 171B will document how rap-

T1. Stable isotope analyses, Hole 
1051B, p. 8.
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idly these changes took place and explore the stability of warm climatic
phases. The data reported here are discussed and interpreted in Wade et
al. (in press).
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Figure F1. Middle Eocene planktonic and benthic foraminifer δ18O (parts per thousand relative to the Pee-
dee belemnite [PDB]) record from Hole 1051B. Squares = Morozovella spinulosa; diamonds = Nuttalides truem-
pyi.
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Figure F2. Middle Eocene planktonic and benthic foraminifer δ13C (parts per thousand relative to the Pee-
dee belemnite [PDB]) record from Hole 1051B. Squares = Morozovella spinulosa; diamonds = Nuttalides truem-
pyi.
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Table T1. Results of stable isotope analyses, Hole 1051B. (See ta-
ble note. Continued on next six pages).

Core, section, 
interval (cm)

Depth 
(mbsf) Taxon

Size 
(µm) δ18O δ13C N

Planktonic foraminifers
171B-1051B-

2H-1, 0-2 4.80 M. spinulosa 250-355 –0.25 2.44 20
2H-1,10-12 4.90 M. spinulosa 250-355 –0.71 2.25 14
2H-1, 20-22 5.00 M. spinulosa 250-355 –0.46 2.48 20
2H-1, 0-32 5.10 M. spinulosa 250-355 –0.12 2.87 20
2H-1, 50-52 5.30 M. spinulosa 250-355 –0.44 2.79 20
2H-1, 60-62 5.40 M. spinulosa 250-355 –1.11 1.64 20
2H-1, 70-72 5.50 M. spinulosa 250-355 –1.19 1.34 13
2H-1, 80-82 5.60 M. spinulosa 250-355 –0.33 2.68 20
2H-1, 90-92 5.70 M. spinulosa 250-355 –0.21 2.59 15
2H-1, 100-102 5.80 M. crassata 250-355 0.17 3.07 17
2H-1, 110-112 5.90 M. spinulosa 250-355 –0.63 2.18 11
2H-1, 120-122 6.00 M. spinulosa 250-355 –1.05 2.15 13
2H-1, 130-132 6.10 M. spinulosa 250-355 –0.51 2.62 14
2H-1, 140-142 6.20 M. crassata 250-355 –0.01 2.93 20
2H-2, 2-4 6.30 M. spinulosa 250-355 –0.49 2.43 13
2H-2, 10-12 6.40 M. spinulosa 250-355 –0.43 2.40 20
2H-2, 20-22 6.50 M. spinulosa 250-355 –0.82 1.70 5
2H-2, 30-32 6.60 M. spinulosa 250-355 –0.88 1.76 10
2H-2, 40-42 6.70 M. spinulosa 250-355 –0.11 2.43 13
2H-2, 50-52 6.80 M. spinulosa 250-355 –0.13 2.44 13
2H-2, 60-62 6.90 M. spinulosa 250-355 1.30 18
2H-2, 60-62 6.90 M. crassata 250-355 0.15 2.99 20
2H-2, 80-82 7.10 M. spinulosa 250-355 –1.03 1.37 9
2H-2, 80-82 7.10 M. crassata 250-355 0.16 3.09 20
2H-2, 90-92 7.20 M. crassata 250-355 –0.12 3.16 20
2H-2, 100-102 7.30 M. spinulosa 250-355 –1.53 0.74 17
2H-2, 110-112 7.40 M. spinulosa 250-355 2.78 19
2H-2, 120-122 7.50 M. spinulosa 250-355 –0.39 2.45 15
2H-2, 130-132 7.60 M. spinulosa 250-355 –0.58 2.50 20
2H-3, 0-2 7.80 M. spinulosa 250-355 –0.44 2.80 20
2H-3, 20-22 8.00 M. spinulosa 250-355 –0.22 2.93 20
2H-3, 30-32 8.10 M. spinulosa 250-355 –0.59 2.63 20
2H-3, 40-42 8.20 M. spinulosa 250-355 –0.28 2.88 20
2H-3, 50-52 8.30 M. spinulosa 250-355 –0.74 2.55 13
2H-3, 60-62 8.40 M. spinulosa 250-355 –0.44 2.70 16
2H-3, 70-72 8.50 M. spinulosa 250-355 –0.83 2.50 7
2H-3, 80-82 8.60 M. spinulosa 250-355 –0.08 2.74 14
2H-3, 90-92 8.70 M. spinulosa 250-355 –0.35 2.49 9
2H-3, 100-102 8.80 M. spinulosa 250-355 –0.85 2.05 6
2H-3, 110-112 8.90 M. crassata 250-355 –0.20 2.88 12
2H-3, 120-122 9.00 M. crassata 250-355 –0.15 2.94 17
2H-3, 130-132 9.10 M. crassata 250-355 0.00 3.02 10
2H-3, 130-132 9.10 M. crassata 250-355 –0.19 2.87 10
2H-3, 140-142 9.20 M. crassata 250-355 –0.17 2.94 12
2H-4, 10-12 9.40 M. spinulosa 250-355 –1.46 1.34 11
2H-4, 20-22 9.50 M. spinulosa 250-355 –1.43 1.24 10
2H-4, 30-32 9.60 M. spinulosa 250-355 –1.67 17
2H-4, 30-32 9.60 M. spinulosa 250-355 –1.47 17
2H-4, 30-32 9.60 M. crassata 250-355 0.19 2.93 20
2H-4, 40-42 9.70 M. spinulosa 250-355 –1.30 1.92 14
2H-4, 50-52 9.80 M. spinulosa 250-355 –0.80 2.13 16
2H-4, 60-62 9.90 M. spinulosa 250-355 –0.80 2.27 18
2H-4, 70-72 10.00 M. crassata 250-355 –0.10 3.09 17
2H-4, 100-102 10.30 M. crassata 250-355 –0.28 3.16 8
2H-4, 110-112 10.40 M. crassata 250-355 0.00 2.79 20
2H-4, 120-122 10.50 M. crassata 250-355 –0.13 2.84 20
2H-4, 140-142 10.70 M. crassata 250-355 –0.15 2.81 20
2H-5, 0-2 10.80 M. spinulosa 250-355 1.15 11
2H-5, 0-2 10.80 M. crassata 250-355 –0.12 2.87 19
2H-5, 10-12 10.90 M. spinulosa 250-355 –0.67 2.26 11
2H-5, 20-22 11.00 M. spinulosa 250-355 –0.64 2.88 17
2H-5, 30-32 11.10 M. spinulosa 250-355 1.72 8
2H-5, 40-42 11.20 M. spinulosa 250-355 –0.49 3.01 15
2H-5, 50-52 11.30 M. spinulosa 250-355 –0.95 1.79 12
2H-5, 60-62 11.40 M. spinulosa 250-355 –0.18 2.77 20
2H-5, 70-72 11.50 M. spinulosa 250-355 –0.14 2.83 19
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2H-5, 90-92 11.70 M. spinulosa 250-355 –0.32 2.51 14
2H-5, 100-102 11.80 M. spinulosa 250-355 –0.78 2.44 19
2H-5,110-112 11.90 M. spinulosa 250-355 –0.47 2.51 9
2H-5, 120-122 12.00 M. spinulosa 250-355 –0.19 2.86 20
2H-5, 130-132 12.10 M. spinulosa 250-355 –0.52 2.29 13
2H-5, 140-142 12.20 M. spinulosa 250-355 –0.43 2.41 11
2H-6, 0-3 12.40 M. crassata 250-355 0.20 2.83 18
2H-6, 10-13 12.40 M. spinulosa 250-355 –0.24 2.68 17
2H-6, 20-23 12.50 M. spinulosa 250-355 –0.14 3.08 20
2H-6, 30-33 12.60 M. spinulosa 250-355 –0.93 2.14 20
2H-6, 40-43 12.70 M. crassata 250-355 –0.21 2.69 20
2H-6, 50-53 12.80 M. crassata 250-355 –0.17 2.68 20
2H-6, 70-73 13.00 M. spinulosa 250-355 –0.93 2.42 18
2H-6, 80-83 13.10 M. spinulosa 250-355 2.62 17
2H-6, 90-93 13.20 M. crassata 250-355 –0.30 2.59 20
2H-6, 100-103 13.30 M. spinulosa 250-355 –0.87 2.39 19
2H-6, 110-113 13.40 M. spinulosa 250-355 –0.47 2.22 16
2H-6, 120-123 13.50 M. spinulosa 250-355 –0.87 2.26 13
2H-6, 130-133 13.60 M. spinulosa 250-355 –0.91 1.96 18
2H-6, 140-143 13.70 M. spinulosa 250-355 –0.72 2.11 20
2H-7, 0-3 13.80 M. spinulosa 250-355 –0.62 2.41 20
2H-7, 10-13 13.90 M. crassata 250-355 –0.17 2.85 20
2H-7, 20-23 14.00 M. spinulosa 250-355 –0.82 1.97 11
2H-7, 30-33 14.10 M. crassata 250-355 –0.18 2.75 11
2H-7, 40-43 14.20 M. spinulosa 250-355 –0.44 2.73 18
2H-7, 70-73 14.30 M. spinulosa 250-355 –0.58 2.45 20
3H-1, 10-13 14.40 M. spinulosa 250-355 –0.35 2.64 20
3H-1, 10-13 14.40 M. crassata 250-355 –0.27 2.50 21
3H-1, 20-23 14.50 M. spinulosa 250-355 –0.25 2.79 16
3H-1, 30-33 14.60 M. spinulosa 250-355 –0.10 2.77 20
3H-1, 30-33 14.60 M. crassata 250-355 –0.06 2.63 20
3H-1, 40-43 14.70 M. spinulosa 250-355 –0.14 2.77 12
3H-1, 50-53 14.80 M. spinulosa 250-355 –0.18 2.67 20
3H-1, 60-63 14.90 M. spinulosa 250-355 –0.03 2.54 20
3H-1, 70-73 15.00 M. spinulosa 250-355 –0.20 2.73 19
3H-1, 80-83 15.10 M. spinulosa 250-355 –0.57 2.69 20
3H-1, 90-93 15.20 M. spinulosa 250-355 –0.47 2.49 20
3H-1, 98-100 15.27 M. spinulosa 250-355 –0.40 2.79 20
3H-2, 10-13 15.90 M. spinulosa 250-355 –0.11 2.76 20
3H-2, 20-23 16.00 M. spinulosa 250-355 –0.66 2.03 17
3H-2, 30-33 16.10 M. spinulosa 250-355 –0.89 2.33 20
3H-2, 40-43 16.20 M. spinulosa 250-355 –0.55 2.21 20
3H-2, 50-53 16.30 M. spinulosa 250-355 –0.88 2.28 15
3H-2, 60-63 16.40 M. spinulosa 250-355 –0.64 2.52 20
3H-2, 70-73 16.50 M. spinulosa 250-355 –0.65 2.37 20
3H-2, 80-83 16.60 M. spinulosa 250-355 –0.54 2.42 20
3H-2, 90-93 16.70 M. spinulosa 250-355 –0.52 2.60 20
3H-2, 100-103 16.80 M. spinulosa 250-355 –0.39 2.40 20
3H-2, 110-113 16.90 M. spinulosa 250-355 –0.45 2.52 19
3H-2, 120-123 17.00 M. spinulosa 250-355 –0.30 2.49 17
3H-2, 125-127 17.05 M. spinulosa 250-355 –0.23 2.83 20
3H-2, 145-147 17.25 M. spinulosa 250-355 –0.51 2.76 19
3H-3, 0-3 17.30 M. spinulosa 250-355 –0.50 2.57 20
3H-3, 10-13 17.40 M. spinulosa 250-355 –0.71 2.40 10
3H-3, 10-13 17.40 M. crassata 250-355 –0.36 2.70 14
3H-3, 20-23 17.50 M. spinulosa 250-355 –0.62 2.42 11
3H-3, 20-23 17.50 A. praetopilensis 250-355 –0.29 2.79 15
3H-3, 30-33 17.60 M. spinulosa 250-355 –0.29 2.59 14
3H-3, 40-43 17.70 M. spinulosa 250-355 –0.28 2.79 16
3H-3, 50-53 17.80 M. spinulosa 250-355 –0.85 2.20 8
3H-3, 50-53 17.80 A. praetopilensis 250-355 –0.03 2.63 14
3H-3, 50-53 17.80 G. mexicana 250-355 –0.27 1.99 12
3H-3, 60-63 17.90 M. spinulosa 250-355 –0.37 2.77 16
3H-3, 70-73 18.00 M. spinulosa 250-355 –0.60 2.61 15
3H-3, 70-73 18.00 A. praetopilensis 250-355 –0.17 2.74 19
3H-3, 70-73 18.00 M. crassata 250-355 –0.69 2.59 13
3H-3, 80-83 18.10 M. spinulosa 250-355 –0.57 2.63 13
3H-3, 90-93 18.20 M. spinulosa 250-355 –0.69 2.51 11
3H-3, 90-93 18.20 A. praetopilensis 250-355 0.22 2.99 21
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3H-3, 100-103 18.30 M. spinulosa 250-355 –0.76 2.29 10
3H-3, 100-103 18.30 A. praetopilensis 250-355 –0.23 2.79 20
3H-3, 110-113 18.40 M. spinulosa 250-355 –0.61 2.67 12
3H-3, 120-123 18.50 M. spinulosa 250-355 –0.63 2.43 8
3H-3, 120-123 18.50 A. praetopilensis 250-355 –0.71 2.25 21
3H-3, 130-133 18.60 M. spinulosa 250-355 –0.76 2.52 14
3H-3, 140-143 18.70 A. praetopilensis 250-355 –0.21 2.63 21
3H-4, 0-3 18.80 G. mexicana 250-355 –0.24 1.74 20
3H-4, 10-13 18.90 M. spinulosa 250-355 –1.08 1.93 14
3H-4, 20-23 19.00 M. spinulosa 250-355 –1.35 2.04 11
3H-4, 30-33 19.10 G. mexicana 250-355 –0.47 1.99 20
3H-4, 40-43 19.20 M. spinulosa 250-355 –1.31 2.11 20
3H-4, 50-53 19.30 M. spinulosa 250-355 –1.07 2.18 20
3H-4, 60-63 19.40 M. spinulosa 250-355 –1.21 2.10 20
3H-4, 70-73 19.50 M. spinulosa 250-355 –0.94 2.51 16
3H-4, 80-83 19.60 M. spinulosa 250-355 –1.31 2.09 12
3H-4, 90-93 19.70 M. spinulosa 250-355 –0.98 2.14 20
3H-4, 100-103 19.80 M. spinulosa 250-355 –0.81 2.30 20
3H-4, 110-113 19.90 M. spinulosa 250-355 –1.03 2.04 14
3H-4, 120-123 20.00 M. spinulosa 250-355 –0.75 2.25 20
3H-4, 120-123 20.00 M. spinulosa 250-355 –0.77 2.42 20
3H-4, 130-133 20.10 M. spinulosa 250-355 –0.68 2.38 12
3H-4, 140-143 20.20 M. spinulosa 250-355 –1.01 2.35 20
3H-4, 140-143 20.20 M. spinulosa 250-355 –1.21 5
3H-5, 0-3 20.30 M. spinulosa 250-355 –0.58 2.58 20
3H-5, 0-3 20.30 M. spinulosa 250-355 –0.47 2.71 20
3H-5, 10-13 20.40 M. spinulosa 250-355 –0.80 2.80 20
3H-5, 10-13 20.40 M. spinulosa 250-355 –0.47 2.71 20
3H-5, 20-23 20.50 M. spinulosa 250-355 –0.63 2.69 20
3H-5, 30-33 20.60 M. spinulosa 250-355 –0.63 2.88 20
3H-5, 40-43 20.70 M. spinulosa 250-355 –0.65 2.80 20
3H-5, 50-53 20.80 M. spinulosa 250-355 –0.74 2.90 20
3H-5, 50-53 20.80 M. spinulosa 125-250 –0.50 2.24 18
3H-5, 60-63 20.90 M. spinulosa 250-355 –0.51 2.81 20
3H-5, 60-63 20.90 M. spinulosa 125-250 –0.53 2.33 23
3H-5, 70-73 21.00 M. spinulosa 250-355 –0.67 2.63 20
3H-5, 70-73 21.00 M. spinulosa 250-355 2.89 6
3H-5, 80-83 21.10 M. spinulosa 250-355 –0.77 2.87 20
3H-5, 90-93 21.20 M. spinulosa 250-355 –0.46 2.87 20
3H-5, 100-103 21.30 M. spinulosa 250-355 –0.65 2.74 20
3H-5, 110-113 21.40 M. spinulosa 250-355 –0.81 2.73 20
3H-5, 120-123 21.50 M. spinulosa 250-355 –1.01 2.65 20
3H-5, 120-123 21.50 M. spinulosa 250-355 –0.76 2.45 20
3H-5, 130-133 21.60 M. spinulosa 250-355 –0.66 2.74 20
3H-5, 140-143 21.70 M. spinulosa 250-355 –0.36 2.79 20
3H-6, 0-2 21.80 M. spinulosa 250-355 –0.47 2.94 20
3H-6, 10-12 21.90 M. spinulosa 250-355 –0.39 2.89 20
3H-6, 20-22 22.00 M. spinulosa 250-355 –0.98 2.83 21
3H-6, 30-32 22.10 M. spinulosa 250-355 –0.28 2.98 21
3H-6, 40-42 22.20 M. spinulosa 250-355 –0.40 3.26 20
3H-6, 50-52 22.30 M. spinulosa 250-355 –0.21 3.15 20
3H-6, 60-62 22.40 M. spinulosa 250-355 –0.54 3.32 19
3H-6, 70-72 22.50 M. spinulosa 250-355 –0.45 3.08 20
3H-6, 80-82 22.60 M. spinulosa 250-355 –0.30 3.06 12
3H-6, 90-92 22.70 M. spinulosa 250-355 –0.92 3.24 5
3H-6, 100-102 22.80 M. spinulosa 250-355 –0.60 2.83 5
3H-6, 110-112 22.90 Morozovella spp. 250-355 –0.63 2.92 7
3H-6, 110-112 22.90 A. praetopilensis 250-355 –0.29 2.64 13
3H-6, 120-122 23.00 M. spinulosa 250-355 –1.05 3.13 5
3H-6, 130-132 23.10 Morozovella spp. 250-355 –0.57 2.94 11
4H-1, 60-62 24.40 M. spinulosa 250-355 –0.48 3.34 18
4H-1, 70-72 24.50 M. spinulosa 250-355 –0.42 3.09 20
4H-1, 80-82 24.60 M. spinulosa 250-355 –0.61 3.41 9
4H-1, 90-92 24.70 M. spinulosa 250-355 –0.48 2.98 15
4H-1, 100-102 24.80 M. spinulosa 250-355 –0.47 3.15 16
4H-1, 110-112 24.90 M. spinulosa 250-355 –0.63 2.95 17
4H-1, 120-122 25.00 M. spinulosa 250-355 –0.53 3.15 13
4H-1, 130-132 25.10 M. spinulosa 250-355 –0.48 3.03 19
4H-1, 140-142 25.20 M. spinulosa 250-355 –0.56 3.10 20
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4H-2, 10-12 25.40 M. spinulosa 250-355 –0.69 3.26 17
4H-2, 20-22 25.50 M. spinulosa 250-355 –0.55 3.17 20
4H-2, 30-32 25.60 M. spinulosa 250-355 –0.68 3.18 21
4H-2, 40-42 25.70 M. spinulosa 250-355 –0.60 3.15 20
4H-2, 50-52 25.80 M. spinulosa 250-355 –0.55 3.03 20
4H-2, 60-62 25.90 M. spinulosa 250-355 –0.68 3.18 9
4H-2, 70-72 26.00 M. spinulosa 250-355 –0.55 3.24 16
4H-2, 80-82 26.10 M. spinulosa 250-355 –0.59 2.96 21
4H-2, 90-92 26.20 M. spinulosa 250-355 –0.41 3.16 15
4H-2, 100-102 26.30 M. spinulosa 250-355 –0.72 3.29 6
4H-2, 110-112 26.40 M. crassata 250-355 –0.49 3.03 17
4H-2, 120-122 26.50 M. spinulosa 250-355 –0.52 3.27 10
4H-2, 120-122 26.50 M. spinulosa 250-355 –0.52 3.12 12
4H-2, 130-132 26.60 M. spinulosa 250-355 –0.54 3.31 20
4H-2, 140-142 26.70 M. spinulosa 250-355 –0.59 3.20 18
4H-3, 0-2 26.80 M. spinulosa 250-355 –0.68 3.09 21
4H-3, 10-12 26.90 M. spinulosa 250-355 –0.70 3.17 20
4H-3, 20-22 27.00 M. spinulosa 250-355 –0.66 3.16 20
4H-3, 30-32 27.10 M. spinulosa 250-355 –0.78 3.11 21
4H-3, 40-42 27.20 M. spinulosa 250-355 –0.53 3.11 20
4H-3, 50-52 27.30 M. spinulosa 250-355 –0.86 3.01 20
4H-3, 60-62 27.40 M. spinulosa 250-355 –0.86 3.10 21
4H-3, 70-72 27.50 M. spinulosa 250-355 –0.61 3.19 20
4H-3, 80-82 27.60 M. spinulosa 250-355 –0.67 3.07 13

Benthic foraminifers
171B-1051B-

2H-1, 0-2 4.80 N. truempyi <150 1.00 1.06
2H-1, 10-12 4.90 N. truempyi <150 1.01 1.18
2H-1, 20-22 5.00 N. truempyi <150 1.03 1.23
2H-1, 30-32 5.10 N. truempyi <150 0.93 1.14
2H-1, 40-42 5.20 N. truempyi <150 1.03 1.17
2H-1, 50-52 5.30 N. truempyi <150 0.90 1.05
2H-1, 60-62 5.40 N. truempyi <150 0.86 1.07
2H-1, 70-72 5.50 N. truempyi <150 0.92 1.05
2H-1, 80-82 5.60 N. truempyi <150 0.88 1.12
2H-1, 90-92 5.70 N. truempyi <150 0.87 1.05
2H-1, 100-102 5.80 N. truempyi <150 0.95 1.42
2H-1, 110-112 5.90 N. truempyi <150 0.94 1.12
2H-1, 120-122 6.00 N. truempyi <150 0.91 1.14
2H-1, 130-132 6.10 N. truempyi <150 0.93 1.08
2H-1, 140-142 6.20 N. truempyi <150 0.91 1.07
2H-2, 2-4 6.30 N. truempyi <150 0.88 1.04
2H-2, 10-12 6.40 N. truempyi <150 0.92 1.14
2H-2, 20-22 6.50 N. truempyi <150 0.93 1.08
2H-2, 30-32 6.60 N. truempyi <150 0.98 1.11
2H-2, 40-42 6.70 N. truempyi <150 0.92 1.13
2H-2, 50-52 6.80 N. truempyi <150 0.82 1.14
2H-2, 60-62 6.90 N. truempyi <150 0.99 1.18
2H-2, 70-72 7.00 N. truempyi <150 0.84 1.08
2H-2, 80-82 7.10 N. truempyi <150 0.98 1.17
2H-2, 90-92 7.20 N. truempyi <150 0.94 1.15
2H-2, 100-102 7.30 N. truempyi <150 0.98 1.12
2H-2, 110-112 7.40 N. truempyi <150 0.94 1.13
2H-2, 120-122 7.50 N. truempyi <150 0.93 1.16
2H-2, 130-132 7.60 N. truempyi <150 0.97 1.14
2H-2, 140-142 7.70 N. truempyi <150 0.98 1.62
2H-3, 0-2 7.80 N. truempyi <150 0.83 0.92
2H-3, 10-12 7.90 N. truempyi <150 0.86 0.89
2H-3, 20-22 8.00 N. truempyi <150 0.88 1.04
2H-3, 30-32 8.10 N. truempyi <150 0.79 0.89
2H-3, 40-42 8.20 N. truempyi <150 0.78 0.88
2H-3, 50-52 8.30 N. truempyi <150 0.78 0.89
2H-3, 60-62 8.40 N. truempyi <150 0.85 0.87
2H-3, 70-72 8.50 N. truempyi <150 0.97 0.81
2H-3, 80-82 8.60 N. truempyi <150 0.96 0.96
2H-3, 90-92 8.70 N. truempyi <150 0.92 0.99
2H-3, 110-112 8.90 N. truempyi <150 0.68 0.82
2H-3, 120-122 9.00 N. truempyi <150 0.56 0.82
2H-3, 130-132 9.10 N. truempyi <150 0.69 0.86
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2H-3, 140-142 9.20 N. truempyi <150 0.57 0.84
2H-4, 0-2 9.30 N. truempyi <150 0.76 0.89
2H-4, 10-12 9.40 N. truempyi <150 0.67 0.77
2H-4, 20-22 9.50 N. truempyi <150 0.78 0.91
2H-4, 30-32 9.60 N. truempyi <150 1.00 1.06
2H-4, 30-32 9.60 N. truempyi <150 1.00 1.06
2H-4, 40-42 9.70 N. truempyi <150 0.71 0.97
2H-4, 50-52 9.80 N. truempyi <150 0.78 0.95
2H-4, 60-62 9.90 N. truempyi <150 0.72 0.91
2H-4, 70-72 10.00 N. truempyi <150 0.75 0.88
2H-4, 80-82 10.10 N. truempyi <150 0.63 0.93
2H-4, 90-92 10.20 N. truempyi <150 0.75 0.85
2H-4, 100-102 10.30 N. truempyi <150 0.62 0.77
2H-4, 110-112 10.40 N. truempyi <150 0.69 0.95
2H-4, 120-122 10.50 N. truempyi <150 0.69 0.85
2H-4, 130-132 10.60 N. truempyi <150 0.61 0.86
2H-4, 140-142 10.70 N. truempyi <150 0.75 0.84
2H-5, 0-2 10.80 N. truempyi <150 0.69 0.81
2H-5, 10-12 10.90 N. truempyi <150 0.67 0.96
2H-5, 20-22 11.00 N. truempyi <150 0.74 0.83
2H-5, 30-32 11.10 N. truempyi <150 0.82 0.87
2H-5, 40-42 11.20 N. truempyi <150 0.84 0.96
2H-5, 50-52 11.30 N. truempyi <150 0.85 0.86
2H-5, 60-62 11.40 N. truempyi <150 0.70 0.83
2H-5, 70-72 11.50 N. truempyi <150 0.79 0.88
2H-5, 90-92 11.70 N. truempyi <150 0.85 0.62
2H-5, 100-102 11.80 N. truempyi <150 0.84 0.72
2H-5, 110-112 11.90 N. truempyi <150 0.85 0.90
2H-5, 120-122 12.00 N. truempyi <150 0.79 0.84
2H-5, 130-132 12.10 N. truempyi <150 0.69 0.91
2H-5, 140-142 12.20 N. truempyi <150 0.75 0.88
2H-6, 0-3 12.30 N. truempyi <150 0.75 0.84
2H-6, 10-13 12.40 N. truempyi <150 0.72 0.75
2H-6, 20-23 12.50 N. truempyi <150 0.56 0.62
2H-6, 30-33 12.60 N. truempyi <150 0.61 0.77
2H-6, 40-43 12.70 N. truempyi <150 0.94 0.88
2H-6, 50-53 12.80 N. truempyi <150 0.87 0.83
2H-6, 60-63 12.90 N. truempyi <150 0.83 0.87
2H-6, 70-73 13.00 N. truempyi <150 0.74 0.71
2H-6, 80-83 13.10 N. truempyi <150 0.71 0.39
2H-6, 90-93 13.20 N. truempyi <150 0.60 0.60
2H-6, 100-103 13.30 N. truempyi <150 0.58 0.63
2H-6, 110-113 13.40 N. truempyi <150 0.80 0.76
2H-6, 130-133 13.60 N. truempyi <150 0.85 0.87
2H-6, 140-143 13.70 N. truempyi <150 0.72 0.89
2H-7, 0-3 13.80 N. truempyi <150 0.84 0.79
2H-7, 20-23 14.00 N. truempyi <150 0.73 0.69
2H-7, 30-33 14.10 N. truempyi <150 0.64 0.69
2H-7, 40-43 14.20 N. truempyi <150 0.71 0.74
2H-7, 70-73 14.30 N. truempyi <150 0.59 0.63
3H-1, 20-23 14.50 N. truempyi <150 0.63 0.32
3H-1, 30-33 14.60 N. truempyi <150 0.76 0.83
3H-1, 40-43 14.70 N. truempyi <150 0.69 0.70
3H-1, 50-53 14.80 N. truempyi <150 0.48
3H-1, 60-63 14.90 N. truempyi <150 0.68 0.70
3H-1, 70-73 15.00 N. truempyi <150 0.66 0.72
3H-1, 80-83 15.10 N. truempyi <150 0.66 0.48
3H-1, 90-93 15.20 N. truempyi <150 0.52 0.60
3H-2, 20-23 16.00 N. truempyi <150 0.88 0.72
3H-2, 30-33 16.10 N. truempyi <150 0.88 0.74
3H-2, 40-43 16.20 N. truempyi <150 0.75 0.68
3H-2, 50-53 16.30 N. truempyi <150 0.96 0.78
3H-2, 60-63 16.40 N. truempyi <150 0.92 0.74
3H-2, 70-73 16.50 N. truempyi <150 1.05 0.82
3H-2, 80-83 16.60 N. truempyi <150 0.73 0.61
3H-2, 90-93 16.70 N. truempyi <150 0.89 0.76
3H-2, 100-103 16.80 N. truempyi <150 0.83 0.55
3H-2, 110-113 16.90 N. truempyi <150 0.86 0.83
3H-2, 120-123 17.00 N. truempyi <150 0.87 0.77
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3H-2, 125-127 17.05 N. truempyi <150 0.80 0.73
3H-2, 145-147 17.25 N. truempyi <150 0.75 0.58
3H-3, 0-3 17.30 N. truempyi <150 0.83 0.68
3H-3, 20-23 17.50 N. truempyi <150 0.75 0.75
3H-3, 30-33 17.60 N. truempyi <150 0.92 0.84
3H-3, 40-43 17.70 N. truempyi <150 0.71 0.63
3H-3, 50-53 17.80 N. truempyi <150 0.82 0.65
3H-3, 60-63 17.90 N. truempyi <150 0.59 0.60
3H-3, 70-73 18.00 N. truempyi <150 0.76 0.62
3H-3, 80-83 18.10 N. truempyi <150 0.80 0.73
3H-3, 90-93 18.20 N. truempyi <150 0.84 0.87
3H-3, 100-103 18.30 N. truempyi <150 0.96 0.96
3H-3, 110-113 18.40 N. truempyi <150 0.78 0.83
3H-3, 140-143 18.70 N. truempyi <150 0.71 0.81
3H-4, 0-3 18.80 N. truempyi <150 0.79 0.81
3H-4, 10-13 18.90 N. truempyi <150 0.56 0.65
3H-4, 20-23 19.00 N. truempyi <150 0.80 0.73
3H-4, 30-33 19.10 N. truempyi <150 0.68 0.65
3H-4, 40-43 19.20 N. truempyi <150 0.88 0.83
3H-4, 50-53 19.30 N. truempyi <150 0.76 0.75
3H-4, 60-63 19.40 N. truempyi <150 0.01 0.34
3H-4, 80-83 19.60 N. truempyi <150 0.92 0.86
3H-4, 90-93 19.70 N. truempyi <150 0.88 0.85
3H-4, 100-103 19.80 N. truempyi <150 0.77 0.81
3H-4, 110-113 19.90 N. truempyi <150 1.11 0.96
3H-4, 130-133 20.10 N. truempyi <150 0.72 0.71
3H-4, 140-143 20.20 N. truempyi <150 0.64 0.64
3H-5, 0-3 20.30 N. truempyi <150 0.50 0.51
3H-5, 0-3 20.30 N. truempyi <150 0.50 0.51
3H-5, 10-13 20.40 N. truempyi <150 0.71 0.85
3H-5, 10-13 20.40 N. truempyi <150 0.71 0.85
3H-5, 20-23 20.50 N. truempyi <150 0.71 0.86
3H-5, 30-33 20.60 N. truempyi <150 0.76 0.83
3H-5, 40-43 20.70 N. truempyi <150 0.73 0.73
3H-5, 60-63 20.90 N. truempyi <150 0.68 0.76
3H-5, 70-73 21.00 N. truempyi <150 0.51 0.63
3H-5, 80-83 21.10 N. truempyi <150 0.68 0.70
3H-5, 100-103 21.30 N. truempyi <150 0.45 0.45
3H-5, 110-113 21.40 N. truempyi <150 0.49 0.57
3H-5, 130-133 21.60 N. truempyi <150 0.66 0.66
3H-6, 10-12 21.90 N. truempyi <150 0.65 0.75
3H-6, 20-22 22.00 N. truempyi <150 1.05 0.51
3H-6, 30-32 22.10 N. truempyi <150 0.77 0.74
3H-6, 40-42 22.20 N. truempyi <150 0.65 0.77
3H-6, 50-52 22.30 N. truempyi <150 1.36 1.08
3H-6, 80-82 22.60 N. truempyi <150 0.91 0.71
3H-6, 100-102 22.80 N. truempyi <150 0.95 0.94
3H-6, 110-112 22.90 N. truempyi <150 0.79 0.70
3H-6, 120-122 23.00 N. truempyi <150 0.79 0.76
3H-6,130-132 23.10 N. truempyi <150 0.69 0.91
4H-1, 60-62 24.40 N. truempyi <150 0.67 0.93
4H-1, 70-72 24.50 N. truempyi <150 0.76 0.84
4H-1, 80-82 24.60 N. truempyi <150 0.80 0.90
4H-1, 90-92 24.70 N. truempyi <150 0.66 0.83
4H-1, 100-102 24.80 N. truempyi <150 0.74 0.84
4H-1, 110-112 24.90 N. truempyi <150 0.58 0.74
4H-1, 130-132 25.10 N. truempyi <150 0.60 0.76
4H-2, 10-12 25.40 N. truempyi <150 0.65 0.89
4H-2, 20-22 25.50 N. truempyi <150 0.54 0.20
4H-2, 30-32 25.60 N. truempyi <150 0.82 0.94
4H-2, 50-52 25.80 N. truempyi <150 0.64 0.85
4H-2, 70-72 26.00 N. truempyi <150 0.75 0.87
4H-2, 80-82 26.10 N. truempyi <150 0.55 0.33
4H-2, 90-92 26.20 N. truempyi <150 0.64 0.82
4H-2, 100-102 26.30 N. truempyi <150 0.58 0.48
4H-2, 110-112 26.40 N. truempyi <150 0.69 0.92
4H-2, 130-132 26.60 N. truempyi <150 0.67 0.83
4H-3, 0-2 26.80 N. truempyi <150 0.62 0.84
4H-3, 10-12 26.90 N. truempyi <150 0.46 0.79

Core, section, 
interval (cm)

Depth 
(mbsf) Taxon

Size 
(µm) δ18O δ13C N

Table T1 (continued).
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4H-3, 20-22 27.00 N. truempyi <150 0.61 0.60
4H-3, 30-32 27.10 N. truempyi <150 0.76 0.80
4H-3, 40-42 27.20 N. truempyi <150 0.63 0.74
4H-3, 50-52 27.30 N. truempyi <150 0.70 0.81
4H-3, 60-62 27.40 N. truempyi <150 0.75 0.77
4H-3, 70-72 27.50 N. truempyi <150 0.60 0.78
4H-3, 80-82 27.60 N. truempyi <150 0.57 0.81

Core, section, 
interval (cm)

Depth 
(mbsf) Taxon

Size 
(µm) δ18O δ13C N

Table T1 (continued).
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