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ABSTRACT

We present benthic isotope stratigraphies for Sites 1236, 1237, 1239,
and 1241 that span the late Miocene–Pliocene time interval from 6 to
2.4 Ma. Orbitally tuned timescales were generated for Sites 1237 and
1241 by correlating the high-frequency variations in gamma ray attenu-
ation density, percent sand of the carbonate fraction, and benthic δ13C
to variations in Earth’s orbital parameters. The astronomical timescales
for Sites 1237 and 1241 are in agreement with the one from Atlantic
Site 925/926 (Ocean Drilling Program Leg 154). The comparison of
benthic δ18O and δ13C records from the east Pacific sites and Atlantic
Site 925/926 revealed a surprising clarity of the “41-k.y. signal” in δ13C
records and a remarkably good correlation between their δ13C records.
This suggests that the late Miocene–Pliocene amplitudes of obliquity-
related δ13C cycles reflect a magnitude of global response often larger
than that provided by obliquity-related δ18O cycles. At Site 1237, the or-
bitally derived ages of Pliocene magnetic reversal boundaries between
the base of Réunion and the top of Thvera confirm astronomical dat-
ings of the generally accepted ATNTS2004 timescale, except for the top
of Kaena and the base of Sidufjall. Our astronomical age for the top of
Kaena is about one obliquity cycle older. The base of Sidufjall appears to
be about one precession cycle younger. The age models of Sites 1236
and 1239 were established by correlating their benthic δ18O and δ13C
records directly to the orbitally tuned isotope record of Site 1241.
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INTRODUCTION

Our goal is to establish an astronomical timescale (ATS) from 12 to
2.5 Ma at Sites 1237 and 1241 that integrates the framework of magne-
tostratigraphy, biostratigraphy, tephrachronology, and oxygen isotope
stratigraphy. Here, we present a progress report that documents our re-
sults of an orbitally tuned stratigraphy for the early Pliocene time inter-
val from 6 to 2.5 Ma. The tuned ages of magnetic reversals (Site 1237)
and oxygen isotope records (Sites 1237 and 1241) are directly compared
with other orbitally tuned age models from Ceara Rise (Tiedemann and
Franz, 1997), the equatorial east Pacific (Shackleton et al., 1995), and
the Mediterranean (Lourens et al., 1996).

The astronomical tuning technique is at present the most accurate
dating method for sediment records spanning the time interval of the
last 35 m.y. for which astronomers provide a valid and precise orbital so-
lution for variations in Earth’s orbital parameters (Laskar, 1999).
Changes in the eccentricity of Earth’s orbit are marked by main periods
of 413 and 100 k.y., and the tilt and precession of Earth’s axis are domi-
nated by periods of 41 and 23/19 k.y., respectively. These astronomical
records provide the basis to date Neogene sediment records by matching
patterns of cyclic variation in climate proxy records with patterns of
changes in solar radiation that are controlled by cyclic variations in
Earth’s orbital parameters. The astronomical tuning method is based on
the fact that cyclic changes in climate proxy records respond statistically
convincingly to variations in insolation. The application of this tuning
procedure made a high-precision time calibration possible because the
“astronomical clock” is very accurate and cyclic changes in orbital pa-
rameters give very small-scale time markers on geological timescales
(Laskar, 1999; Berger and Loutre, 1991). At best, the ATS could provide
an age control point every 10,000 or 20,000 years, corresponding to half
of a precession or obliquity cycle. The orbital tuning method is far more
precise than that achievable by radiometric dating alone (Hilgen et al.,
1999). The error of an astronomically tuned timescale is systematic and
includes a few thousand years, based on the assumption of a constant
(mostly unknown) time lag between a change in orbital insolation and
the following climate response. Within this inaccuracy, the tuning ap-
proach provides a reliable and absolute timescale for magnetic reversal
stratigraphy, biostratigraphy, oxygen isotope stratigraphy, and, of
course, records of climate and oceanographic variability that transfer the
astronomical record of varying insolation into quasi-cyclic sedimento-
logical variability. The orbitally tuned geological timescale became the
standard chronology for the Pleistocene and Pliocene (0–5.3 Ma) when
the tuned ages of magnetic reversals were adopted to the geological
timescale (Cande and Kent, 1995).

The improvement of the Pleistocene astronomical polarity timescale
(APTS) and its expansion into the Miocene has been primarily pushed
forward by two scientific criteria, using sedimentary cycle patterns in
both, marine successions exposed on land in the Mediterranean (Hilgen
and coworkers, Utrecht, Netherlands) and marine records from Ocean
Drilling Program (ODP) sites located in the equatorial Pacific and Atlan-
tic (Shackleton and coworkers, Cambridge, UK). Hilgen (1991a, 1991b)
developed a Pliocene APTS back to 5.3 Ma by correlating sedimentary
cycles from land-based sections to the astronomical record (Berger and
Loutre, 1991). Lourens et al. (1996) improved this record by tuning to
the astronomical solution of Laskar et al. (1993). The work of Hilgen et
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al. (1995), Krijgsman et al. (1999), and Hilgen et al. (2003) expanded
the Mediterranean APTS back to 13.6 Ma.

Based on marine records from ODP Leg 138 in the eastern equatorial
Pacific, Shackleton et al. (1995) developed an APTS for the past 6 m.y.
by matching cyclic variations in gamma ray attenuation (GRA) density
records to the orbital insolation record of Berger and Loutre (1991) and
advanced the Pliocene oxygen isotope stratigraphy from 2.5 to 6 Ma. At
the same time, Tiedemann et al. (1994) developed an astronomically
calibrated oxygen isotope timescale for northeast Atlantic Site 659 off
the coast of Africa by tuning Pliocene variations in dust flux (2.5–5 Ma)
to the astronomical solution of Berger and Loutre (1991). These studies
provided a common benthic oxygen isotope stratigraphy and nomen-
clature for the Pliocene. The work of Shackleton et al. (1995) also pro-
vided a preliminary tuning from 6 to 10 Ma by using an astronomically
calibrated age of 5.9 Ma for the magnetic reversal C3A.n(t) as a starting
point and an age of 9.6 Ma for C5n.1n(t) as a fixed endpoint that, how-
ever, was based on radiometric dating. The APTS from Leg 138 suggests
that the ages of the late Miocene reversal boundaries are as much as 180
k.y. younger than those derived from the Mediterranean area (Hilgen et
al., 1995; Krijgsman et al., 1999). The offset seems to develop in the in-
terval from 5.3 to 6 Ma (Kent, 1999). 

More recently, Tiedemann and Franz (1997), Shackleton and
Crowhurst (1997), and Shackleton et al. (1999) established an ATS from
2.5 to 34 Ma in sediment records from Leg 154 (Ceara Rise) by tuning
sedimentary cycles to the astronomical record of Laskar et al. (1993).
The work of Tiedemann and Franz (1997), Billups et al. (1997), and
Shackleton and Crowhurst (1997) provided an oxygen isotope stratig-
raphy for the interval from 2.5 to 7 Ma (Site 925/926). The application
of the Laskar solution (instead of Berger and Loutre, 1991) improved
the calibration of the early Pliocene isotope stages, especially prior to ~4
Ma. Unfortunately, the sediment records from Leg 154 provided no
magnetostratigraphic information, which complicates comparisons
with other timescales. The latest APTS that summarizes the ages of mag-
netic reversals is given by Lourens et al. (2004) and is referred to the
ATNTS2004 timescale, whereas the ages of reversal boundaries between
5 and 13 Ma are mainly derived from continental successions.

Rapid progress in advancing the marine APTS to the Neogene/Paleo-
gene boundary is limited by the availability of good reference sections.
The sediment record from Site 1237, which was drilled during Leg 202
on Nazca Ridge, meets nearly all aspects of providing such a reference
section:

1. It comprises a complete Neogene sequence that was drilled by
the advanced piston corer (APC) technique. The composite
depth section documents complete recovery for the sequence
from 0 to ~31.5 Ma without any detectable stratigraphic breaks
as indicated by microfossil and magnetic stratigraphy. 

2. Various types of data, indicative of changes in chemical sedi-
ment composition and physical properties, document the evi-
dent orbital cycles. 

3. High carbonate concentrations allow establishment of high-res-
olution benthic oxygen and carbon isotope records and offer ex-
cellent potential for refining the foraminiferal and nannofossil
biostratigraphy. 

4. The paleomagnetic stratigraphy at Site 1237 is excellent with
clear definitions of all chrons and subchrons over the last 5 m.y.
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as well as from 7 to 13 Ma. The polarity assignments for the in-
terval from 5 to 7 Ma and for the lowermost part of the sequence
between 13 and 31 Ma are still preliminary because the polarity
sequence allows several possible interpretations. 

At Site 1237 so far, we developed an astronomically tuned age model for
the time interval from 2.5 to 6 Ma that includes benthic oxygen isotope
stratigraphy from 4 to 6 Ma.

To verify our tuning at Site 1237, we also established an orbitally
tuned timescale at Site 1241. Site 1241 yielded a complete and continu-
ous sediment record for the time interval of the last 9 m.y. Here, we
measured a benthic isotope record from 2.5 to 5.7 Ma that enables a
comparison with that from Site 1237 within the overlapping time inter-
val from 4 to 5.7 Ma.

DATA AND METHODS

For orbital tuning, we considered shipboard core logging data (mag-
netic susceptibility, bulk density, and color spectra) as well as carbonate
percentages, sand fraction percentages of the carbonate fraction, and
benthic isotope records. Core logging shipboard data (Mix, Tiedemann,
Blum, et al., 2003) were measured at intervals of 2.5 cm (Site 1237) and
5 cm (Site 1241) and provide a temporal resolution of 1000–2500 yr,
which corresponds to sedimentation rates ranging from 1 to 3 cm/k.y.
at Site 1237 and from 2 to 5 cm/k.y. at Site 1241. Isotope data, carbon-
ate, and sand percentages were measured every 5 cm at Site 1237 and
every 10 cm at Site 1241.

Isotope data from Sites 1237 and 1241 were analyzed at the IFM-
GEOMAR Institute in Kiel (Germany) using a Finnigan/MAT-252 mass
spectrometer equipped with a fully automated Finnigan/Kiel-Carbo-II
carbonate preparation device. For each isotope analysis, up to five spec-
imens of the epibenthic foraminifers Cibicidoides wuellerstorfi or Cibici-
doides mundulus were picked from the 250- to 500-µm fraction. The
laboratory standard was calibrated to Peedee belemnite through Na-
tional Bureau of Standards reference material NBS-19. Analytical repro-
ducibility of the laboratory standard typically was about ±0.06‰ for
δ18O and ±0.03‰ for δ13C (±1σ). Isotope data from Site 1236 were mea-
sured at the Leibniz Labor for Radiometric Dating and Isotope Research
at Kiel University (Kiel, Germany) using a Finnigan/Delta-Plus-XL mass
spectrometer coupled to a Finnigan/Gas-Bench-II. Precision of the local
carbonate standard was ±0.07‰ for δ18O and ±0.05‰ for δ13C (±1σ)
over the period of analyses.

The CaCO3 contents were determined by infrared absorption of total
CO2 (organic and inorganic carbon) released by combustion with a
LECO analyzer. Early Pliocene organic carbon contents are lower than
0.4 wt% at Sites 1236, 1237, and 1241 (Mix, Tiedemann, Blum, et al.,
2003). Hence, carbonate percentages might be overestimated by as
much as 3.3 wt% (equal to an organic carbon content of 0.4 wt%).

The sand fraction represents the wet-sieved residue of the >63-µm
fraction, which consists of nearly 100% carbonate. The content of the
dry sand fraction is given as weight percent of total CaCO3 to compen-
sate for dilution effects caused by noncarbonate dilutants.

For orbital tuning and spectral analyses, we use the software package
AnalySeries 2.0 (Paillard et al., 1996). AnalySeries especially facilitates
the transformation of “proxy data vs. depth” records into “proxy data
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vs. age” records by graphically adjusting cyclic fluctuations of paleocli-
matic proxy records to the astronomical target record. The age of each
data point was estimated by linear interpolation between age-depth
control points. AnalySeries also provides filters and a set of spectral
analysis methods that are partly complementary in terms of robustness
vs. resolution. We preferred to use the classical Blackman-Tukey
method (Blackman and Tukey, 1958) for spectral analysis in the time
and depth domain. The algorithm computes first the autocovariance of
the data, applies a window, and finally applies a Fourier transform to
compute the spectrum. It is a very robust method, unlikely to present
spurious spectral features. The main drawback is its poor resolution in
the spectral domain because sharp features can be considerably
smoothed. This method allows the user to choose a resolution vs. confi-
dence parameter: the length of the autocovariance series, which is gen-
erally set to 60% of the input series. The confidence level associated
with the error bar on the spectrum is typically set to 80%. For filtering
and spectral analysis in the time domain, we interpolated each record
at equidistant intervals, corresponding to the average time resolution of
the proxy record. Tukey bandpass filters with a central frequency of
0.045 cycles/k.y. (bandwidth = 0.01) and 0.024 cycles/k.y. (bandwidth =
0.009) were used to extract the precession- and obliquity-related com-
ponents from the proxy records, respectively.

We used the orbital solution from Laskar et al. (2004) for Pliocene
variations in Northern Hemisphere summer insolation (June 21–July
21), obliquity, and precession as a tuning target. Until 1996, orbitally de-
rived age models were based on the astronomical solution of Berger and
Loutre (1991). Lourens et al. (1996) demonstrated, however, that unreal-
istic large time lags will occur between obliquity and the obliquity-
related variations in the proxy records if the orbital data from Berger and
Loutre (1991) are used as a tuning target. Lourens et al. (1996) pointed
out that the geological record can be calibrated most accurately to the
summer insolation record calculated from the Laskar et al. (1993) solu-
tion La93(1,1) with a dynamically ellipticity of the Earth of 1 and a tidal
dissipation term of 1, both close to present-day values. The new solution
La2004 for the astronomical computation of the insolation quantities
on Earth (Laskar et al., 2004) improved the solution La93 by using a di-
rect integration of the gravitational equations for the orbital motion and
by improving the dissipative contributions, in particular in the evolu-
tion of the Earth–Moon System. This orbital solution has been used for
the latest calibration of the astronomically tuned Neogene timescale
(ATNTS2004; Lourens et al., 2004) and is expected to be used for age cal-
ibrations of paleoclimatic data over the last 40–50 m.y.

Verification of Depth Scales

A major precondition for tuning marine paleoclimate records to the
astronomical record is to ensure the recovery of complete and undis-
turbed sediment records. This is achieved by drilling multiple offset
holes at the same site location to splice across coring gaps and distorted
sediment sequences through interhole correlations using closely spaced
core logging measurements. This strategy (Ruddiman et al., 1987) be-
came a standard during paleoceanographic ODP legs. At Sites 1236,
1237, 1239, and 1241, the construction of the composite depth was
based on core logging magnetic susceptibility and GRA density data.
We reinspected the composite depth of Sites 1237 and 1241 by consid-
ering in addition the core logging color data, which was not possible
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during the cruise because of time constraints. We did not verify the
composite depth at Sites 1236 and 1239.

Only at Site 1241, the correlation of overlapping sections from adja-
cent holes by means of color data suggests a mismatch between Cores
202-1241C-11H and 202-1241A-16H (Fig. F1). The former correlation
resulted in a doubling of a 63-cm-long sediment section. Our new splice
suggests a switch point at 175.77 meters composite depth (mcd), from
Section 202-1241C-11H-7, 20 cm (same as before), to Section 202-
1241A-16H-4, 72 cm. This deletes 63 cm from the former composite
depth (interval 202-1241A-16H-4, 7–72 cm; corresponding to an inter-
val of 65 cm on the meters below seafloor scale). The revision leads to a
small reduction of the composite depth scale, as 63 cm is subtracted
from the mcd below Section 202-1241A-16H-4, 72 cm.

Tuning Procedure

At best, the tuning medium should be marked by cyclic, high-ampli-
tude fluctuations and a high signal-to-noise ratio. From our experience,
however, we know that a single climate proxy record often includes an
interval of low signal-to-noise ratios, where a clear interpretation of the
geological record with regard to its orbitally induced variability is diffi-
cult to derive. Therefore, we used a multiproxy approach for orbital
tuning to overcome such problems. Discrete ash layers (Mix, Tiede-
mann, Blum, et al., 2003) were removed from the data sets to avoid
misinterpretations of the climate signal and distortions of sedimenta-
tion rates. The sediment record from Site 1237 was especially affected
by the frequent deposition of ash layers. Fourteen ash layers were iden-
tified in the time interval from 2.4 to 6 Ma by the Leg 202 shipboard
party, some of them ranging in thickness from 15 to 36 cm. Inspection
of the sand fraction record indicated that the range with significant
amounts of ash often spanned a larger interval than simply suggested
by a discrete ash layer. Although we deleted discrete ash layers from the
composite depth, the “normal pelagic sedimentation rate” is overesti-
mated by the amount of dispersed ash in such intervals.

The first step toward astronomical calibration was to identify domi-
nant cycles of selected proxy records in the depth domain by means of
spectral analyses on succeeding 10-m-long intervals. This approach
helped to trace long-term changes in sedimentation rates (e.g., an in-
crease in sedimentation rate would move dominant precession- or
obliquity-related frequencies [cycles/m] to lower frequencies). The spec-
tral comparison between different proxy records also clearly identifies
precession- and obliquity-related cycles and indicates which of the proxy
records are best suited for tuning to the precession and/or obliquity.

In a second step, we extracted the precession- and obliquity-related
components from the proxy records by bandpass filtering each of the
succeeding 10-m-long sections. We then used the merged filter outputs
for a first tuning. We started with tuning to obliquity for two reasons.
First, most proxy records revealed a stronger response to obliquity than
to precession. More than one proxy for tuning to obliquity improved
the continuous and reliable detection of the 41-k.y. cycle from 2.5 to 6
Ma. Second, the effect of obliquity on insolation is symmetric across
hemispheres. That is, cold summers occur in both hemispheres at the
same time (in phase). This increases the likelihood that proxy records
indicative of global climate change respond to obliquity forcing with
possibly different but relatively constant phase lags. Pliocene variations
in benthic δ18O and δ13C are dominated by 41-k.y. cycles and are

-3

-2

-1

-3

-2

-1

153 154 155 156 157 158 159 160

Section 202-1241C-11H-7, 20 cm (157.77 mcd)

Depth (mcd)

New tie point!

Former
correlation

Section 202-1241A-16H-4, 72 cm (157.77 mcd)

C
ol

or
 a

-v
al

ue
 (

H
ol

e 
12

41
A

)

Core 202-1241C-11H

Core 202-1241A-16H

C
ol

or
 a

-v
al

ue
 (

H
ol

e 
12

41
C

)

mcd

mcd

F1. Revision of former mcd splice, 
Site 1241, p. 22.



R. TIEDEMANN ET AL.
TIMESCALES AND BENTHIC ISOTOPE STRATIGRAPHIES 7
thought to respond with relatively constant phase lags to obliquity
forcing. Fluctuations in benthic δ18O records are linked to high-latitude
processes because they are sensitive to variations in global ice volume
and to changes in deepwater temperature/salinity. Provided that the ef-
fect of obliquity on insolation is symmetric across hemispheres, the
mid-Pliocene shift from unipolar to bipolar glaciations or changes in
the location of predominant deepwater formation (Southern Ocean vs.
North Atlantic) should not have significantly affected the phase of the
obliquity-related benthic δ18O variations (Clemens, 1999). The work of
Imbrie and Imbrie (1980) and Imbrie et al. (1984) suggested a lag be-
tween obliquity and obliquity-controlled variations in ice volume of 8
k.y. for the Pleistocene time interval. Their model also implied that the
time lag strongly depends on the size of the ice sheet, whereas a smaller
ice sheet would result in a smaller phase lag. For the relatively warm
Pliocene interval prior to Northern Hemisphere glaciation, the true
phase lag may have been close to 6 k.y., as suggested by Chen et al.
(1995). The disadvantage of solely using Pliocene benthic δ18O records
for orbital tuning is their low signal-to-noise ratio because the small
variability in global ice volume prior to Northern Hemisphere glacia-
tion (>3 Ma) distinctly decreased the δ18O amplitudes. In some intervals
of the early Pliocene, the signal-to-noise ratio is so low that it is difficult
to decide whether 41-k.y. cycles are registered or not (Tiedemann et al.,
1994; Shackleton et al., 1995). In this context, the benthic δ13C records
are an alternative for tuning to obliquity. Obliquity-related fluctuations
in benthic δ13C are thought to be largely controlled by global variations
in marine productivity and the mass of organic matter stored in forests,
soils, and shallow marine sediments (Shackleton, 1977), presumably re-
lated to glacial–interglacial climate change. Although the globally cor-
relative nature of the Pliocene benthic δ13C signal has never been
examined in detail, several studies indicated that Pliocene benthic δ13C
maxima lag δ18O minima in the eastern Pacific with a relatively con-
stant phase of ~2 k.y. at the obliquity band (Mix et al., 1995; Shackleton
et al., 1995). Considering a phase difference of 6 k.y. between Pliocene
variations in orbital obliquity and benthic δ18O, δ13C maxima may have
lagged obliquity maxima by ~8 k.y. For an unambiguous tracing of 41-
k.y. cycles, we also considered other proxy records like GRA density,
magnetic susceptibility, and color reflectance data. After determining
their phase relationships with respect to δ18O minima (warm stages), we
established a preliminary age model that is based on tuning their 41-
k.y. components to orbital obliquity. At this stage, the tuning provided
constant phase relationships between the proxy records and orbital
obliquity but did not include the possible phase lags for δ18O and δ13C,
as mentioned above. Instead of that, we continued with tuning to pre-
cession; matching the obliquity-related filter output of a proxy record
to orbital obliquity is not as easy as tuning to precession because the
amplitudinal variability in orbital obliquity is low and thus provides no
eye-catching control points for a correct match.

The advantage of tuning to orbital precession is that the amplitudi-
nal power of orbital precession is well structured by eccentricity-in-
duced packets of 100- or 400-k.y. intervals. These packets are often
easily recognized in proxy records that are dominated by precessional
variance (e.g., Tiedemann et al., 1994; Tiedemann and Franz, 1997).
Therefore, we also used such packets for aligning climate variables with
strong precessional responses. GRA density data from Site 1237 and the
sand fraction record from Site 1241 reveal significant response to or-
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bital precession forcing. Their precession-related filter outputs provided
a powerful independent check on the correlation initially defined by
tuning to obliquity. Nevertheless, we are aware of the fact that the
amplitudinal variability of precession-related cycles could also be influ-
enced by changes in sedimentation rates or internal processes of the cli-
mate system. Low sedimentation rates decrease the time resolution and
the signal-to-noise ratio and thus may distort the original, amplitudinal
climate response to orbital forcing. Internal processes of the climate sys-
tem couple specific variables or mutually interact among them. These
interactions may either amplify anomalies of one of the interacting ele-
ments or damp them. Thus, we only set precession-based age control
points, where the alignment with the orbital record is corroborated by
both the precession component and the obliquity component of proxy
records. A point of discussion is that we have no model linking the pre-
cessional response of the proxy records to orbital forcing. Precession in-
solation forcing is hemispherically asymmetric with Northern
Hemisphere summers being 180° (11.5 k.y.) out of phase with Southern
Hemisphere summers and we did not examine whether Northern or
Southern Hemisphere insolation exerted a stronger control on the pre-
cessional signal of the proxy records. We simply assumed that the ob-
served correlation between benthic δ18O warm stages and obliquity-
related maxima or minima in proxy records is similar for precessional
minima. For instance, if obliquity-related maxima in GRA density cor-
relate with δ18O warm stages (maxima in orbital obliquity), we also as-
sumed that precession-related maxima in GRA density correspond to
precession-controlled maxima in insolation. We used the summer inso-
lation at 65°N as a target record and assumed an in-phase relationship
between insolation and the proxy record. However, we did not tune to
precession if the adjustment would lead to unrealistic large time lags
between obliquity and glacial-bound variations in proxy records indica-
tive of global climate change.

Development of an Orbitally Derived Age Model 
for Site 1237

Sedimentation rates are relatively low (<3 cm/k.y.) at Site 1237. For
this reason, we first demonstrate that the quality of the logging data
from Site 1237 is still appropriate for orbital tuning (Fig. F2). The depth
interval from 60 to 80 mcd is especially suited for a test because it has a
well-constrained paleomagnetic age model that provides a first approxi-
mation of changes in sedimentation rates. Sedimentation rates range
from 1.6 to 2 cm/k.y. between the base of Mammoth Chron and the
base of Cochiti Chron. Within this interval, cyclic fluctuations of the
GRA bulk density and magnetic susceptibility records are characterized
by two major clusters of cycles, from 37 to 49 cm and from 77 to 114
cm (Fig. F2). These two clusters clearly identify the response to preces-
sion (19- and 23-k.y. cycles) and obliquity (41-k.y. cycle), whereas the
range of the clusters is defined by the variability of sedimentation rates.

Spectral analyses in the depth domain suggested that the records of
benthic δ13C, magnetic susceptibility, and GRA density are best suited
for orbital tuning. The δ13C and magnetic susceptibility records revealed
significant variability at the obliquity frequency band. The GRA density
record provided in addition significant variability at precession-related
frequencies (Fig. F2). Before tuning, we examined their relationships to
obliquity-dominated changes in global climate as indicated by compar-
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isons with the benthic δ18O record. The GRA densities vary according to
the nature of the sedimentary matrix, which is dominated by carbonate
and smaller amounts of siliciclastics and biogenic opal. Maxima in GRA
density reflect maxima in carbonate percentages. Obliquity-related
maxima in GRA densities are associated with δ18O warm stages and δ13C
maxima. The magnetic susceptibility record is negatively correlated to
the carbonate record and represents the degree of magnetized sediment
and, hence, approximates the ratio of siliciclastic vs. biogenic material.
Maxima in magnetic susceptibility reflect relatively higher amounts of
siliciclastics during δ18O cold stages. The siliciclastic fraction is mainly
derived from eolian deposition, as Site 1237 underlies the modern path
of dust that originates in the Atacama Desert of Chile (Mix, Tiedemann,
Blum, et al., 2003). Accordingly, we correlated obliquity-related minima
in magnetic susceptibility, maxima in GRA density, and maxima in
benthic δ13C with maxima in orbital obliquity (warm stages). We in-
volve the benthic δ18O record into this process in those intervals where
obliquity-related cycles were clearly registered. We started our tuning
from the Gauss/Matuyama boundary (47.9 ± 0.1 mcd), which has a
well-constrained astronomical age of 2.59 ± 0.01 Ma (Shackleton et al.,
1995; Lourens et al., 1996). Other magnetic reversal boundaries were
not considered during the tuning process. An initial age model for the
interval from 2.1 to 6 Ma was derived by tuning the 41-k.y. component
of the magnetic susceptibility record to orbital obliquity. The tuning
was then verified via comparisons with the obliquity-related GRA den-
sity filter output. In a final approach, we matched the precessional
component of the GRA record to the insolation record (Fig. F3) and re-
duced the number of tie points to an amount sufficient to keep the
GRA density record approximately in phase with obliquity and preces-
sion (Table T1).

After tuning, we extracted the precession- and obliquity-related com-
ponents from the proxy records by using Tukey bandpass filters. The fil-
tered components are compared with the respective orbital time series
in Figures F3 and F4. The 21-k.y. component of the GRA density record
reveals a remarkably good resemblance with orbital precession in the
intervals from 2.2 to 4.7 Ma and from 5.6 to 6.0 Ma, in particular with
respect to the eccentricity modulation as reflected in the amplitude
variations. In addition, a very consistent relation is found between the
41-k.y. components in our proxy records (GRA density and benthic δ13C
and δ18O) and astronomical obliquity. The age model from 4.7 to 5.6
Ma is mainly based on correlating the 41-k.y. signal of the isotope
records to obliquity (Fig. F4) because the GRA density record provided a
weak variability at the obliquity band, especially between 4.9 and 5.5
Ma, and no clear similarity in amplitude fluctuations between orbital
precession and the 21-k.y. GRA component.

In addition, a convincing age model should not produce physically
unreasonable changes in sedimentation rates, especially in pelagic re-
gions. The sedimentation rates at pelagic Site 1237 were found to vary
from 1.1 to 2.8 cm/k.y., which seems reasonable. This range provides
no evidence for distortions caused by the age model (Fig. F3) and is
close to the values obtained from initial bio- and magnetostratigraphy.

To further examine our timescale, we used cross-spectral analyses to
determine the time lags and coherencies of the proxy records with re-
spect to the orbital time series. Coherency between the geological data
and the orbital target in the precession band is one of the fundamental
methods by which a timescale may be evaluated (Shackleton et al.,
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1995). Separating the time interval from 2 to 6 Ma into four succeeding
intervals, cross-spectral comparison indicated that Northern Hemi-
sphere summer insolation and GRA density were in phase (as requested
by our tuning) and displayed high coherencies at the precession
(mainly >0.95) and obliquity (0.91–0.97) frequency bands (Table T2;
Fig. F5). The benthic δ13C record provided coherencies of 0.97 and 0.89
for the time intervals from 4.2 to 5 Ma and from 5 to 5.9 Ma, respec-
tively. Brüggemann (1992) showed that high coherencies are very un-
likely to appear by tuning a randomly fluctuating time series to the
astronomical record. Thus, the very high coherencies at Site 1237
would not be obtained without a close coupling between changes in in-
solation and southeast Pacific paleoceanography. Cross-spectral
analyses also indicated fairly constant phase relationships between vari-
ations in orbital obliquity and benthic isotopes. For consistency of
phase calculations, the δ18O record was multiplied by –1, so that larger
values indicate interglacial conditions along with maxima in Northern
Hemisphere summer insolation. Variations in benthic δ13C lag obliquity
forcing by ~5 k.y. and obliquity-related variations in –δ18O by ~2 k.y.
Accordingly, the benthic –δ18O signal, indicative of changes in ice vol-
ume, would lag obliquity forcing by ~3 k.y. As a consequence, the tuned
ages at Site 1237 might be a few thousand years too old rather than too
young, if the true phase lag was close to 6 k.y., as suggested by Chen et
al. (1995).

Development of an Orbitally Derived Age Model 
for Site 1241

The proxy records from Site 1241 contain significant distribution of
variance at obliquity-related wavelengths of 100–200 cm. Accordingly,
sedimentations rates vary from 2.5 to 5 cm/k.y. and are higher than
those at Site 1237. The primary signals that we used for tuning were
benthic δ13C and sand percentages of the carbonate fraction. Both
records are highly coherent with δ18O at the obliquity frequency band.
Maxima in δ13C and sand percentages are associated with δ18O warm
stages. The sand fraction record is additionally marked by strong con-
centration of variance at precessional frequency bands. Carbonates and
GRA density values show distinctly weaker correlations to δ18O, al-
though obliquity-related minima in GRA density and carbonate per-
centages are mainly associated with δ18O warm stages. This correlation
is opposite to that found at Site 1237. These data were only considered
for identifying obliquity- or precession-related cycles in intervals where
the variance or the response to orbital forcing was less pronounced in
the δ13C and sand fraction records.

Before using the sand fraction data for tuning, we examined the type
of paleoceanographic information provided by this record. Variations
in the sand percentages of the carbonate fraction are often used as a
proxy to reconstruct either changes in carbonate dissolution or differ-
ences in carbonate accumulation between foraminifers and calcareous
nannoplankton. The sand fraction consists of nearly 100% of foramin-
iferal shells at Site 1241. For such environments, it has been shown that
the sand content of deep-sea carbonates decreases as dissolution
progresses (e.g., Bickert et al., 1997). Foraminiferal shells are weakened
by dissolution and tend to break down in small fragments. As a result,
material moves from the coarse fraction into finer fractions. At the shal-
low water depth of Site 1241 (2027 m), carbonate dissolution is ex-

T2. Cross-spectral coherencies and 
phase relationships, p. 35.
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pected to have been low. Therefore, it is not surprising that the Pliocene
variability in sand fraction percentages does not correspond to the gen-
eral pattern of Pacific carbonate dissolution. Over the past 4.5 m.y., car-
bonate dissolution in the equatorial Pacific was enhanced during
interglacials (Farrell and Prell, 1991). Thus, Pliocene changes in carbon-
ate dissolution mainly operated on 41-k.y. cycles. These relationships
rather exclude changes in carbonate dissolution as a primary mecha-
nism because high sand percentages at Site 1241 are associated with in-
terglacials and reveal in addition strong precession-related variability.
As carbonate dissolution seems to be of secondary importance, changes
in the ratio between nannofossil placoliths and foraminiferal shells are
regarded as the primary mechanism that could change the relative por-
tion of the coarse fraction (Bickert and Wefer, 1996). Hence, the sand
fraction record is indicative of changes in carbonate productivity.

We used the oxygen isotope Stages 96, 98, and 100 as a starting point
for calibrating the timescale at Site 1241. These stages were easily recog-
nized in the benthic oxygen isotope record (Fig. F6). Their age assign-
ments to the orbital record are well constrained (e.g., Tiedemann and
Franz, 1997) and identified the three corresponding obliquity cycles.
We then tuned the 41-k.y. component of the benthic δ13C record to or-
bital obliquity assuming no phase difference. This resulted in a prelimi-
nary timescale for the interval from 2.4 to 5.7 Ma. In a next step, we
compared the sand fraction record with the Northern Hemisphere sum-
mer insolation record and tuned the precession-related maxima of the
sand record to insolation maxima (Fig. F6). The new age model
changed the phase relationship between the δ13C record and orbital
obliquity with δ13C lagging obliquity insolation forcing relatively con-
stant by ~5 k.y. and lagging δ18O by ~3 k.y. during the interval from 2.5
to 5.5 Ma (Table T2). Mix et al. (1995) found a similar phase relation-
ship for the Pliocene between benthic δ13C and δ18O at tropical east Pa-
cific Site 849 (2 k.y.). Results from cross-spectral analyses from Site 1241
imply that the benthic δ18O signal, indicative of changes in ice volume,
lagged obliquity forcing by ~2 k.y. For comparison, the tuning at Site
1237 yielded a similar phase lag of ~3 k.y. The tuned ages at Site 1241
might be a few thousand years too old rather than too young if a larger
phase lag close to 6 k.y. is assumed (Chen et al., 1995). The age-depth
control points for Site 1241 are given in Table T3.

To evaluate our tuned age model and the match between the proxy
records and the orbital record, we applied the same methods used for
Site 1237. Tuning to precession resulted in a concentration of variance
over all the main orbital frequencies. For statistical evaluation of the
tuned timescale, we applied cross-spectral analyses to estimate the co-
herencies between the proxy records and the orbital target for the time
intervals from 2.5 to 3.5 Ma, 3.5 to 4.5 Ma, and 4.5 to 5.5 Ma (Fig. F7).
At the obliquity band, coherency estimates for the sand fraction and
benthic δ13C and δ18O records are >0.94. At the precession bands, the
sand fraction record provided coherency estimates of >0.9. Table T2
summarizes the coherencies and phase estimates of the different prox-
ies for Site 1241. The high coherencies also indicate that the physical
linkage between changes in solar insolation and paleoceanography was
strong through the entire interval from 2.5 to 5.5 Ma. Sedimentation
rates were estimated and vary between 2 and 5 cm/k.y. Higher sedimen-
tation rates mark the older part of the record. This is reasonable because
the depositional environment in the equatorial east Pacific was charac-
terized by a late Miocene to early Pliocene biogenic bloom, enhancing
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the sediment flux to the seafloor. Finally, we applied bandpass filtering
to extract the orbital frequency components from the sand fraction,
δ13C, and δ18O time series and compared them with orbital precession
and obliquity. We found a remarkable similarity between the amplitude
variation in orbital precession and the precessional components in the
sand fraction record (Fig. F6). This implies that we correctly mapped
the climate signal onto the orbital record. A mismatch of precession-
related cycles (e.g., making one precession cycle too old or too young)
would be recognized by an out-of-phase relationship with orbital obliq-
uity. The filtered 41-k.y. components in the sand fraction, δ13C, and
δ18O records show a very consistent relationship with orbital obliquity,
with different but relatively constant phase offsets (Table T2). The mis-
match between orbital obliquity and the 41-k.y. component of the sand
fraction at ~2.9 Ma is caused by relatively high amounts of ash, al-
though we deleted the corresponding interval of the ash layer (77.08–
77.10 mcd) (Mix, Tiedemann, Blum, et al., 2003) before tuning. Inspec-
tion of the sand fraction, however, revealed relatively high amounts of
ash over an interval of ~1.5 m (76.27–77.77 mcd) that clearly distorted
the primary signal of the sand fraction record. 

COMPARISON OF ASTRONOMICALLY TUNED 
AGE MODELS

To further examine the quality of the astronomically calibrated
timescales from Sites 1237 and 1241, we plotted the benthic δ18O and
δ13C records from both sites vs. age (Fig. F8). This allows us to compare
their age models for the time interval from 4.2 to 5.7 Ma. The oxygen
isotope records from the two sites are well correlated and are almost in
phase at the precession- and obliquity-related frequency bands (Table
T2). Several eye-catching structures and prominent isotope stages are
easily recognized and have almost identical ages (within a range of ±2
k.y.). Accordingly, we numbered the unambiguously correlated isotope
stages in Figure F8 following the numbering scheme developed by
Shackleton et al. (1995). In several intervals, however, patches are seen
where the signal-to-noise ratio in the δ18O records is so low that isotope
stages bear no clear resemblance. The comparison of the carbon isotope
records further strengthens the stratigraphic correlation between the
two sites, as the δ13C records are exceptionally well correlated, which is
also indicated by cross-spectral analyses. Both δ13C records are highly
coherent with each other at the orbital periods of 41 and 23 k.y (Table
T2). We used the excellent correlation to complete the numbering of
isotope stages for the interval from 5.7 to 4.2 Ma (Fig. F8). In summary,
the correlation of isotope stratigraphies between Sites 1237 and 1241
demonstrated that their astronomically calibrated age models are iden-
tical within an error range of a few thousand years.

The comparison of the benthic δ18O and δ13C records from Pacific
Site 1241 and Atlantic Site 925/926 provides another excellent opportu-
nity to test our age model for the late Miocene to Pliocene interval from
5.7 to 2.5 Ma (Fig. F9). The timescale at Atlantic Site 925/926 (Ceara
Rise) (Tiedemann and Franz, 1997; Shackleton and Crowhurst, 1997)
was developed by tuning precession-related variations in magnetic sus-
ceptibility to the same target record used for calibrating Sites 1241 and
1237. The benthic isotope records were established by Tiedemann and
Franz (1997), Billups et al., (1997), and Shackleton and Hall (1997). For
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the time interval from 4 to 2.5 Ma, cross-spectral comparison between
the δ18O records from Sites 1241 and 925/926 indicates that the spectral
distribution of variance is very similar and coherent for 41-k.y. cycles
(Fig. F10). The dominant obliquity-related variations are highly coher-
ent and in phase (Table T2). In the time interval from 5.7 to 4 Ma, the
distribution of spectral variance for 41-k.y. cycles is less similar, but
variations in δ18O are highly coherent at the obliquity band. The visual
comparison of the oxygen isotope records indicates a remarkably good
correlation for the time intervals from 3.75 to 2.5 Ma and 5.1 to 4.5 Ma
(Fig. F9), reflecting the global nature of the δ18O ice volume signal and
relatively uniform changes in deepwater temperatures and/or salinity at
the two sites. The correlation is less pronounced in the intervals from
5.7 to 5.1 Ma and from 4.5 to 3.75 Ma because the δ18O amplitude fluc-
tuations are more different between both sites. These differences cannot
be ascribed to differences in the time resolution, as the sampling resolu-
tion and the sedimentation rates are similar at both sites. Thus, we at-
tribute these deviations to larger local differences in deepwater
temperature/salinity fluctuations. The regional overprint of the global
δ18O signal is expected to have been larger at Site 925/926 than at Site
1241, at least for the interval from 4.5 to 3.75 Ma. This has been sug-
gested by the isotope study of Billups et al. (1997). The bathymetric
comparison of Pliocene benthic δ18O records from Ceara Rise indicated
anomalous high δ18O values at Site 925 between 4.2 and 3.7 Ma, which
were interpreted to represent a stronger flux of relatively warmer and
more saline North Atlantic Deep Water (NADW) at 3000 m water depth.
This is consistent with other studies that attribute early Pliocene
warmth and enhanced NADW production to an increased northward
heat and salt transport, which probably resulted from a critical thresh-
old in the closure history of the Central American Isthmus (Haug and
Tiedemann, 1998; Haug et al., 2001).

The benthic δ13C records from Sites 925/926 and 1241 are exception-
ally well correlated between 5.7 and 2.5 Ma (Fig. F9) and surprisingly
good in those intervals, where the correlation of the δ18O signal is rela-
tively weak (5.7–5.1 and 4.5–3.75 Ma). Cross-spectral analyses between
the δ13C records indicate that the spectral distribution of variance is
very similar and coherent for 41-k.y. cycles, especially in the older time
interval from 5.7 to 4 Ma (Fig. F10; Table T2). The remarkable similarity
between the Pacific and Atlantic δ13C deepwater signal (Fig. F9) with
strongest concentration of variance at the 41-k.y. cycle indicates a
strong response to global variations in the carbon reservoirs and associ-
ated isotope fractionations. The amplitudes and the clarity of the 41-
k.y. cycles are more strongly developed in the δ13C than in the δ18O
records, especially in the late Miocene and early Pliocene intervals. This
demonstrates that the benthic δ13C records are not only a powerful me-
dium for orbital tuning, but also a valuable tool for chronostratigraphic
correlations that could assist the late Miocene and early Pliocene
benthic oxygen isotope stratigraphy, as the δ13C signal lags relatively
constantly behind δ18O at the 41-k.y. period (2–3 k.y.). This opportunity
may primarily become important when extending the isotope stratig-
raphy further back in time, particularly for those intervals where the
δ13C response to cyclic changes in global climate is more clearly devel-
oped than in the oxygen isotope signal. The comparison between the
isotope records from Sites 1241 and 925/926 also suggests that their or-
bitally tuned age models are almost identical within an error range of a
few thousand years.
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During the review process of our publication, Lisiecki and Raymo
(2005) presented an orbitally tuned 5.3-m.y. stack (the “LR04” stack) of
globally distributed benthic δ18O records. Our oxygen isotope nomen-
clature as well as the timing of oxygen isotope stages is consistent with
that presented in Lisiecki and Raymo (2005), except for the interval
prior to 4.8 Ma. The comparison between the LR04 δ18O stack and the
δ18O records from Sites 1237 and 1241 is shown and discussed in Tiede-
mann and Mix (this volume).

Finally, the excellent paleomagnetic stratigraphy at Site 1237 with
clear definitions of all Pliocene chrons allows an independent compari-
son of our age model to the actual ATNTS2004 polarity timescale that
has been compiled by Lourens et al. (2004). Our age assignments for the
Pliocene magnetic reversal boundaries agree within their error ranges
(depth range of magnetic reversals) with the ATNTS2004, except for the
top of Kaena and the base of Sidufjall (Table T4).

Our astronomical age for the top of Kaena is ~30 k.y. older. Apart
from the general discrepancy in absolute age control, our age model
suggests that Kaena Chron spans a time interval of 54 ± 12 k.y. As this
interval is 103 ± 23 cm long, the appropriate sedimentation rate is 1.9
cm/k.y. (Fig. F3). Considering the depth range for the top and base of
Kaena, the interval of the reversal would be ~30 k.y. shorter than sug-
gested by the ATNTS2004 timescale (Table T4). Expanding the interval
by ~30 k.y. would significantly drop the sedimentation rate and means
that we misinterpreted one or two obliquity cycles as precession cycles.
This is not very likely for the following reasons. First, the magnetic re-
versals of Kaena as well as the top of Mammoth are determined at the
same core and the mcd in this interval is not affected by a switch point
between holes. Therefore, we can exclude that we missed a sediment
section over this interval. Second, the next older magnetic reversals, the
base of Kaena and the top of Mammoth, are only ~1 m and ~2 m down-
core and their assigned ages agree well with those from the ATNTS2004
(Table T4). Our age model suggests a sedimentation rate of ~1.4 cm/k.y.
for the interval between the top of Mammoth and the base of Kaena,
which is similar to that found for Kaena Chron. Third, spectral varia-
tion in both GRA density and color reflectance reveals a dominant pre-
cession-related 44-cm cycle for the interval from 54 to 59 mcd (2.92–
3.23 Ma). In addition, the spectral variance of the color reflectance is
also marked by a pronounced eccentricity-related 222-cm cycle. One
may argue that this cycle is statistically not convincing, as it occurs
only twice in this short interval. On the other hand, its appearance be-
tween 2.92 and 3.23 Ma is not very surprising because the precession-
related amplitudes of the color reflectance record may just reflect the
strong eccentricity modulation of the astronomical precession record
within this interval (Fig. F3).

Our astronomical age for the base of Sidufjall is about one precession
cycle younger than that provided by the ATNTS2004 timescale (Table
T4). Our age for the top of Sidufjall, however, is in good agreement with
that from the ATNTS2004 timescale. Accordingly, our tuning suggests a
time span of ~75 k.y. for Sidufjall Chron instead of 97 k.y. as suggested
by the ATNTS2004 timescale. Although the top and base of Sidufjall
were determined at sediment intervals that belong to the composite
depth, they were determined in different holes: in Hole 1237C and
1237D, respectively (Mix, Tiedemann, Blum, et al., 2003). Therefore, we
verified the tie point between the two holes at 89.11 mcd. This tie point
occurs within the interval that defines the depth range for the base of
Sidufjall (88.77–89.27 mcd) (Table T4), whereas the lower limit of the

T4. Ages of the magnetic reversals 
between 2.1 and 6 Ma, p. 37.
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base of Sidufjall occurs within the composite section. The correlation of
GRA density records between Holes 1237C and 1237D reveals a small
mismatch for the original tie point in the range of 7–10 cm. Since this
small inaccuracy does not add an extra cycle, it does not influence our
age assignments. Consequently, the assigned age of 4.888 Ma for the
lower limit of the base of Sidufjall at 89.27 mcd will remain unaffected
(the depth of the upper limit has been corrected for the small offset)
(Table T4). We consider both the age range for the base of Sidufjall and
the tuning around Sidufjall Chron as reliable.

The most conspicuous feature within Sidufjall Chron is the occur-
rence of pronounced obliquity-related GRA density fluctuations and
relatively low precession-related variability (Fig. F3). The filtered 22-k.y.
component of the GRA density record unfortunately overestimates the
amplitudes within this interval, as indicated by visual inspection of the
GRA density record. The relatively large amplitudes of the filtered 22-
k.y. component most likely resulted from interferences with strong
obliquity-related amplitudes. The observed strong response to obliquity
is also expected from orbital forcing as amplitude variations in orbital
obliquity are strong and those in orbital precession are very small dur-
ing Sidufjall Chron. Accordingly, the tuning was relatively straightfor-
ward in this interval.

The stratigraphic comparison of benthic δ18O and δ13C records from
Site 1237 and 1241 corroborates our age assignments along Sidufjall
Chron (Fig. F8). The isotope records consistently provide a clear 41-k.y.
signal over this interval as well as a good match between sites as docu-
mented by the simultaneous occurrence of conspicuous isotope stages
Si4 and Si6. Any tuning attempt to stretch Sidufjall Chron at Site 1237
by one precession cycle either distorted the sedimentation rates within
this interval or led to an out of phase relationship with orbital obliquity.

Apart from the age discrepancies associated with the top of Kaena
and base of Sidufjall, our orbitally derived ages for the other geomag-
netic reversal boundaries at Site 1237 are in good agreement with those
from the ATNTS2004 timescale and suggest that our age model is very
similar to that of Lourens et al. (2004) given the error involved in rever-
sal identification and orbital tuning. This result demonstrates the po-
tential for developing an APTS at Site 1237, probably for the entire
Neogene.

Stratigraphic Adjustment of Sites 1236 and 1239

The records from Sites 1236 and 1239 are not directly tuned to varia-
tions in Earth’s orbital parameters. At Site 1236, the main drawback is
its poor time resolution. Sedimentation rates vary from 0.5 to 1 cm/k.y.
and thus are not suited for orbital tuning. Although Site 1239 has high
sedimentation rates of up to 10 cm/k.y., it still lacks a composite depth
for the Miocene–Pliocene interval, a major precondition for orbital tun-
ing. However, the opportunity for reconstructing such a composite sec-
tion is excellent. High-resolution core logging data from two holes as
well as high-resolution borehole logging data cover the Miocene–
Pliocene interval. Density and natural gamma ray intensity records
from borehole and core logging data exhibit strong correlation of
meter-scale variability and allow the construction of an equivalent log-
ging depth (eld) scale for the extended core barrel–cored intervals (Mix,
Tiedemann, Blum et al., 2003). Such an eld-based composite depth is
under construction. The advantage of this depth scale is that it corrects
for stretching and squeezing of cored sediment sections. Furthermore, it
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provides the best estimate of in situ depth and is ideal for estimating
mass accumulation rates.

Instead of orbital tuning, we established an initial age model based
on magnetostratigraphic (Site 1236) and biostratigraphic information
(Site 1239) (Mix, Tiedemann, Blum, et al., 2003). In a second step, we
matched the benthic δ18O and δ13C isotope records from Site 1236 and
Hole 1239A with those from Site 1241 by visual identification of oxy-
gen and carbon isotope stages. This procedure indirectly resulted in or-
bitally tuned age models for Sites 1236 and 1239, spanning the
intervals from 2.5 to 5.3 Ma and 2.7 to 5 Ma, respectively. The compari-
son between benthic δ18O and δ13C records is shown in Figures F11 and
F12 and the age-depth control points for Site 1236 and Hole 1239A are
given in Tables T5 and T6. The age model for Hole 1239A is regarded as
very preliminary, as our stratigraphic correlation to Site 1241 suggests
significant gaps at core breaks. The detailed age model for Site 1236
could have never been achieved without using its δ13C record as a tool
for chronostratigraphic correlation with Site 1241. Although the δ13C
record from Site 1236 is indicative of isotope changes at the Pacific in-
termediate water level, it clearly resembles the general δ13C structure of
the Pacific central and deepwater sites. In contrast, the intermediate wa-
ter δ18O signal shows a relatively weak correlation to the “globally cor-
relative” oxygen isotope stratigraphy, represented by Site 1241 in Figure
F11. This again demonstrates the utility of early Pliocene benthic δ13C
records for stratigraphic correlations.

CONCLUSIONS

Here we present two consistent high-resolution orbitally tuned age
models for Leg 202 Sites 1237 and 1241 as well as benthic isotope strati-
graphies for Sites 1236, 1237, 1239, and 1241 that cover the time inter-
val from 2.5 to 6 Ma. The age models for Sites 1237 and 1241 were
generated by correlating the high-frequency variations in GRA density,
percent sand of the carbonate fraction, and benthic δ13C to the orbital
solution of Laskar et al., (1993). Cross-spectral analyses revealed highly
significant coherencies between their astronomically related frequency
components and orbital obliquity and precession. The age models for
Sites 1236 and 1239 were constructed by transferring ages from Site
1241 via correlation of isotope records. The establishment of astronom-
ically calibrated isotope stratigraphies at Sites 1237 and 1241 with an
average sampling interval of <3 k.y. along with the excellent paleomag-
netic stratigraphy at Site 1237 with clear definitions of all Pliocene
chrons allowed a direct comparison with previously published astro-
nomical age models. The excellent correlation of benthic δ18O and δ13C
stratigraphies between Pacific Site 1241 and Atlantic Site 925/926
(Ceara Rise) confirms the age model constructed at sediment sequences
from Atlantic Leg 154. Furthermore, the most ages of the Pliocene po-
larity reversals at Site 1237 agree well with those of the generally ac-
cepted astronomical polarity timescale as summarized in Lourens et al.
(2004; ATNTS2004). Hence, our work places the late Miocene to middle
Pliocene sediment records from Leg 202 into a high-resolution, globally
correlative, and astronomically calibrated stratigraphic framework and
provides an excellent basis for further paleoceanographic studies.

The Atlantic-Pacific comparison of benthic δ18O and δ13C records in-
dicates that the late Miocene and early Pliocene δ13C signal is globally
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correlative and better structured than the δ18O signal. Although the
spectral variability of both parameters is dominated by 41-k.y. cycles
with relatively constant phase relationships, the clarity and correlative
nature of the 41-k.y. cycle is generally better developed in δ13C records.
This demonstrates that the benthic δ13C records are not only a powerful
medium for orbital tuning, but also a valuable tool for chronostrati-
graphic correlations that could assist the late Miocene and early
Pliocene benthic oxygen isotope stratigraphy. This opportunity may
primarily become important when extending the isotope stratigraphy
further back in time, particularly for those intervals where the δ13C re-
sponse to cyclic changes in global climate is more clearly developed
than in the oxygen isotope signal.

In summary, our results from Site 1237 and 1241 demonstrate the
potential for expanding both the isotope stratigraphy and the astro-
nomical polarity timescale to the base of the Neogene, as the composite
depth of the APC-cored sequence at Site 1237 suggests a complete recov-
ery of the last 30 m.y. along with an excellent magnetic stratigraphy.
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APPENDIX

Benthic oxygen and carbon isotope data of Sites 1236, 1237, 1239,
and 1241 are in Tables AT1, AT2, AT3, and AT4, respectively. AT1. Benthic oxygen and carbon 

isotope data, Site 1236, p. 40.

AT2. Benthic oxygen and carbon 
isotope data, Site 1237, p. 49.

AT3. Benthic oxygen and carbon 
isotope data, Site 1239, p. 55.

AT4. Benthic oxygen and carbon 
isotope data, Site 1241, p. 61.
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Figure F1. Revision of former meters composite depth (mcd) splice at Site 1241. Between-hole correlations
using color-a values suggest a new tie point in the mcd splice at 157.77 mcd (black dotted line). The com-
posite depth switches from Section 202-1241C-11H-7, 20 cm, to Section 202-1241A-16H-4, 72 cm. The
former tie point switched from Section 202-1241C-11H-7, 20 cm, to Section 202-1241A-16H-4, 7 cm, which
is 65 cm upcore from the new tie point (dotted gray line). As a consequence, the former mcd has to be cor-
rected by –65 cm below 157.77 mcd (by deleting the interval from Section 202-1241A-16H-4, 7 cm, to 16H-
4, 72 cm).
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Figure F2. Cyclic variation in gamma ray attenuation (GRA) density and magnetic susceptibility at Site
1237. A. Fluctuations in GRA density (red curve) and magnetic susceptibility (blue curve) between 60 and
80 mcd. Each record was detrended by subtraction of the Gaussian weighted smooth (thick lines). The de-
trended records were subjected to spectral analyses. Ages and depths of magnetic reversal boundaries are
indicated. Sedimentation rates were estimated from magnetostratigraphy. B. Results from spectral analyses
for the intervals from 60–70 mcd and 70–80 mcd. Cycle lengths are given in cm. Considering the sedimen-
tation rates shown in A, cycles of 37–43 cm reflect precession cycles (23 k.y. and 19 k.y.) and cycles of 77–
114 cm are related to obliquity cycles (41 k.y.).
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Figure F4. Benthic δ13C and δ18O records from Site 1237 for the time interval from 4.2 to 6 Ma and overlays
of filtered 41-k.y. components on orbital obliquity. PDB = Peedee belemnite.

A
ge

 (
M

a)

C
oc

hi
ti

N
un

iv
ak

S
id

uf
ja

ll
T

hv
er

a

0.38 0.40 0.420.38 0.40 0.42

-0.4 0 0.4 0.8-0.15 0 0.152.02.53.03.5-0.100.1

6.0

5.6

5.2

4.8

4.4

4.0

Obliquity Obliquity

Benthic δ18O filter
output (41 k.y.)

Benthic δ18O filter
(‰ vs. PDB)

Benthic δ13C filter
output (41 k.y.)

Benthic δ13C filter
(‰ vs. PDB)

B
en

th
ic

 δ
13

C
O

bl
iq

ui
ty

B
en

th
ic

 δ
18

O
O

bl
iq

ui
ty



R. TIEDEMANN ET AL.
TIMESCALES AND BENTHIC ISOTOPE STRATIGRAPHIES 26
Figure F5. Example of cross-spectral analyses between Northern Hemisphere summer insolation (65°N) and
the gamma ray attenuation (GRA) density record from Site 1237 for the time interval from 3 to 4 Ma with
power spectra, coherency spectrum, and phase relationships. Both records were interpolated at 2-k.y. steps.
The number of lags was set to 50% of the time series (bandwidth = 0.003). All relationships are coherent
above the 80% confidence level (nonzero coherency level = 0.52). Positive phases (in k.y.) indicate that
GRA density lags insolation forcing.
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Figure F6. Summary of Site 1241 records for the time interval from 2.4 to 5.8 Ma: percent sand of the car-
bonate fraction overlain on Northern Hemisphere summer insolation (65°N), benthic δ13C, δ18O, and sed-
imentation rates; overlays of filtered 21- and 41-k.y. components (percent sand, δ13C, and δ18O) on orbital
precession and obliquity, respectively. PDB = Peedee belemnite.
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Figure F7. Example of cross-spectral analyses between Northern Hemisphere summer insolation (65°N) and
the percent sand record from Site 1241 for the time interval from 3.5 to 4.5 Ma with power spectra, coher-
ency spectrum, and phase relationships. Both records were interpolated at 2-k.y. steps. The number of lags
was set to 50% of the time series (bandwidth = 0.003). All relationships are coherent above the 80% confi-
dence level (nonzero coherency level = 0.52). Positive phases (in k.y.) indicate that percent sand lags inso-
lation forcing.
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Figure F8. Comparison of benthic δ18O and δ13C records from Sites 1237 and 1241 for the time interval
from 4 to 6 Ma. Oxygen and carbon isotope stages are numbered following the numbering scheme of
Shackleton et al. (1995), which is firmly linked to the underlying 41-k.y. isotope cycles. Even numbers in-
dicate cold stages and odd numbers indicate warm stages. The letters in front of the marine isotope stages
identify the magnetic polarity interval. For example, the first cold stage of Sidufjall Chron is called Si2 and
the first cold stage occurring in the magnetic interval between Sidufjall and Thvera is called ST2. These sig-
natures indicate the match of isotope stages that correspond to the underlying and continuously numbered
orbital obliquity cycles. PDB = Peedee belemnite.
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Figure F10. Cross-spectral analyses between benthic δ18O and between δ13C records from Sites 1241 and
925/926 for the time intervals from 2.5 to 4 Ma and 4 to 5.7 Ma with power and coherency spectra. Records
were interpolated at 2-k.y. steps. The number of lags was set to 50% of the time series. All relationships are
coherent above the 80% confidence level (nonzero coherency level = 0.52).
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Table T1. Age model for Site 1237.

Age
(ka)

Depth
(mcd)

2071 40.55
2144 41.42
2188 42.19
2244 43.19
2290 43.85
2321 44.39
2323 44.51
2458 46.33
2500 46.78
2605 48.10
2648 48.94
2729 50.12
2764 50.98
2807 51.76
2888 53.39
2913 53.79
2934 54.26
2978 55.14
3004 55.56
3027 55.86
3070 56.81
3093 57.31
3116 57.67
3142 58.16
3174 58.49
3248 59.49
3286 60.23
3325 60.83
3398 62.10
3439 63.14
3472 63.65
3522 64.50
3563 65.28
3610 65.92
3649 66.84
3685 67.42
3695 67.56
3726 68.17
3760 68.79
3788 69.21
3830 70.19
3874 71.09
3912 71.78
3933 72.20
3955 72.44
3998 73.00

*4026 73.32
*4027 73.45
4039 73.68
4105 74.360
 Note: Paired asterisks indicate the occurrence and thickness of ash

layers.

4126 74.66
4148 74.93
4176 75.33
4210 76.00
4252 76.67
4291 77.18
4325 77.76
4366 78.40
4508 81.44
4542 81.96
4611 83.58
4658 84.58

*4702 85.39
*4703 85.57
4751 86.63
4784 87.30

*4858 88.63
*4859 88.76
4904 89.56
4905 89.71
4932 90.21
4956 90.84
4990 91.69
5015 92.38
5069 93.64
5106 94.29
5183 96.00
5275 98.07
5313 98.70

*5338 99.40
*5343 99.90
5369 100.63
5406 101.39
5449 102.37
5485 102.94
5552 104.68
5615 105.99
5635 106.28

*5660 106.88
*5662 107.03
5755 109.19
5784 109.87
5817 110.64
5850 111.34
5878 111.95
5911 112.80
5930 113.22
6005 114.76

Age
(ka)

Depth
(mcd)
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Table T2. Cross-spectral coherencies and phase relationships between
different proxies from Sites 1237, 1241, 925/926, and Northern Hemi-
sphere summer insolation.

Notes: For cross-spectral analysis, all records were interpolated at 2-k.y. steps. The number of
lags was set to 50% of the time series (bandwidth = 0.003 for 1-m.y. intervals). All rela-
tionships are coherent above the 80% confidence level (nonzero coherency level = 0.52).
For example: At the obliquity band, benthic δ13C maxima (Site 1241) lag insolation max-
ima by 4.5 k.y. in the time interval from 2.5 to 3.5 Ma or benthic δ13C maxima (Site
1241) lag δ18O minima by 3.3 k.y. GRA = gamma ray attenuation.

Spectral cross correlation

Time 
interval
(Ma)

41 k.y. 23 k.y. 19 k.y.

Coh. Phase Coh. Phase Coh. Phase

Insol. vs. GRA density (Site 1237) 2.2–3.0 0.94 1.7 0.95 0.3 0.77 –0.3
3.0–4.0 0.96 0.1 0.97 0.0 0.98 0.5
4.0–5.0 0.97 1.8 0.97 0.5 0.92 0.0
5.0–6.0 0.91 –3.2 0.95 –0.3 0.98 –0.5

Insol. vs. benthic δ13C (Site 1237) 4.2–5.0 0.97 5.1 0.83 6.7
5.0–5.9 0.89 2.5 0.65 5.1

Benthic δ18O (reversed) vs. benthic
δ13C (Site 1237)

4.2–5.0 0.94 1.7 0.84 6.9
5.0–5.9 0.91 2.2 0.67 3.0

Insol. vs. benthic δ13C (Site 1241) 2.5–3.5 0.98 4.5 0.82 0.6
3.5–4.5 0.96 5.0 0.80 7.0
4.5–5.5 0.95 6.0

Insol. vs. percent sand (Site 1241) 2.5–3.5 0.95 –3.0 0.94 –1.4 0.83 –0.9
3.5–4.5 0.96 –1.3 0.94 0.0 0.93 0.6
4.5–5.5 0.96 –1.5 0.94 0.0 0.93 –1.2

Benthic δ18O (reversed) vs. benthic
δ13C (Site 1241)

2.5–3.5 0.94 3.3 0.82 2.9
3.5–4.5 0.96 3.0 0.68 4.8
4.5–5.5 0.92 3.2

Benthic δ13C (Site 1241) vs. benthic 
δ13C (Site 1237)

4.2–5.5 0.98 –2.6 0.77 –2.2

Benthic δ18O (Site 1241) vs. benthic 
δ18O (Site 1237)

4.2–5.5 0.92 –0.7 0.75 –3.6

Benthic δ13C (Site 1241) vs. benthic
δ13C (Site 925/926)

2.5–4.0 0.95 –1.2
4.0–5.7 0.96 2.5

Benthic δ18O (Site 1241) vs. benthic
δ18O (Site 925/926)

2.5–4.0 0.97 0.8 0.88 2.3
4.0–5.7 0.93 –3.5
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Table T3. Age model for Site 1241.

Age
(ka)

Depth
(mcd)

2443 58.21
2489 59.92
2589 62.35
2693 65.05
2753 66.76
2795 67.77
2924 71.25
2991 73.31
3107 76.87
3185 79.76
3211 80.46
3287 82.87
3361 85.65
3429 88.16
3463 89.53
3587 93.42
3666 96.02
3716 97.72
3912 104.72
4021 107.84
4136 111.76
4252 116.42
4313 118.74
4430 123.03
4496 125.13
4567 127.62
4600 128.72
4639 130.34
4657 130.94
4702 132.55
4774 135.69
4880 139.51
4954 142.50
5058 147.00
5104 149.26
5173 152.67
5307 157.68
5347 159.07
5404 161.18
5449 162.84
5508 165.40
5551 167.34
5627 170.74
5691 173.18
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Table T4. Ages of the magnetic reversals between 2.1 and 6
Ma. 

Notes: * = depth ranges of reversals at Site 1237 are different from those pub-
lished in Mix, Tiedemann, Blum, et al. (2003). Ages according to
ATNTS2004 (Lourens et al., 2004), SCHPS95 (Shackleton et al., 1995),
CK95 (Cande and Kent, 1995), and this study. The reversals were deter-
mined at sections that did not belong to the mcd splice. Using core logging
data, we more precisely matched these sections to the mcd splice.

Geomagnetic
reversal boundary

Site 1237
range
(mcd)

Site 1237
this

study ATNTS2004 SCHPS95 CK95

Reunion (Base) Top 41.35 2142 2148 2150
Mean 41.81 2166
Base 42.36 2198

Gauss/Matuyama Top 47.82 2583 2581 2600 2600
Mean 47.93 2591
Base 48.04 2600

Kaena (Top) Top* 56.61 3061 3032 3046 3040
Mean* 56.70 3065
Base* 56.80 3070

Kaena (Base) Top* 57.60 3111 3116 3131 3110
Mean* 57.73 3119
Base* 57.86 3126

Mammoth (Top) Top* 58.80 3197 3207 3233 3220
Mean* 58.85 3201
Base* 58.99 3211

Mammoth (Base) Top 60.60 3310 3330 3331 3330
Mean 60.94 3331
Base 61.28 3351

Gilbert/Gauss Top 65.53 3582 3596 3594 3580
Mean 65.92 3611
Base 66.31 3627

Cochiti (Top) Top 75.13 4162 4187 4199 4180
Mean 75.48 4184
Base 75.83 4201

Cochiti (Base) Top 77.37 4302 4300 4316 4290
Mean 77.57 4314
Base 77.76 4325

Nunivak (Top) Top 81.00 4487 4493 4479 4480
Mean 81.17 4495
Base 81.34 4503

Nunivak (Base) Top 83.68 4616 4631 4623 4620
Mean 83.86 4624
Base 84.04 4633

Sidufjall (Top) Top 87.37 4787 4799 4781 4800
Mean 87.65 4802
Base 87.93 4817

Sidufjall (Base) Top* 88.77 4860 4896 4878 4890
Mean* 89.07 4876
Base 89.27 4888

Thvera (Top) Top 90.83 4956 4997 4977 4980
Mean 91.50 4983
Base 92.17 5008

Thvera (Base) Top 96.64 5211 5235 5232 5230
Mean 97.32 5242
Base 98.00 5272
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Table T5. Age model for Site 1236.

Age
(ka)

Depth
(mcd)

2446 10.28
2522 10.82
2606 11.42
2732 12.32
2814 12.74
2892 13.08
3006 13.52
3097 14.08
3132 14.30
3548 17.52
3711 18.36
3827 19.04
3915 19.80
3992 20.38
4207 21.64
4228 21.78
4288 22.20
4347 22.66
4390 23.06
4438 23.58
4565 24.76
4605 25.20
4644 25.74
4751 27.36
4824 28.32
4889 29.02
4933 29.46
4980 30.08
5096 31.12
5175 31.98
5244 32.82
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Table T6. Age model for Site 1239.

Age
(ka)

Depth
(mcd)

2700 150.73
2766 162.29
2896 176.15
2999 190.18
3107 208.51
3204 222.41
3361 249.34
3424 257.70
3561 271.77
3630 277.48
3769 292.48
3876 300.24
3989 307.04
4077 317.52
4183 326.56
4247 331.92
4307 336.03
4386 341.78
4446 347.11
4553 352.34
4696 362.60
4767 369.23
4863 375.77
4956 385.43
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Appendix Table AT1. Benthic oxygen and carbon isot

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

202-1236A-
4H-2, 20–21 29.44 0.28 3.21
4H-2, 22–23 29.46
4H-2, 24–25 29.48 0.36 3.10
4H-2, 26–27 29.50 0.34 2.72
4H-2, 28–29 29.52 0.50 3.28
4H-2, 30–31 29.54 0.44 3.36
4H-2, 32–33 29.56 0.30 3.18
4H-2, 34–35 29.58 0.46 3.41
4H-2, 36–37 29.60 0.41 2.82
4H-2, 38–39 29.62 0.56 3.19
4H-2, 40–41 29.64 0.32 3.59
4H-2, 42–43 29.66 0.49 3.18
4H-2, 44–45 29.68 0.46 3.22
4H-2, 46–47 29.70 0.37 2.68
4H-2, 48–49 29.72 0.46 3.16
4H-2, 50–51 29.74 0.41 3.21
4H-2, 52–53 29.76 0.39 3.16
4H-2, 54–55 29.78 0.33 2.45
4H-2, 56–57 29.80 0.36 3.12
4H-2, 58–59 29.82 0.45 3.16
4H-2, 60–61 29.84 0.37 3.14
4H-2, 62–63 29.86 0.40 3.05
4H-2, 64–65 29.88 0.40 3.18
4H-2, 66–67 29.90
4H-2, 68–69 29.92
4H-2, 70–71 29.94 0.47 3.20
4H-2, 72–73 29.96 0.51 3.13
4H-2, 74–75 29.98 0.48 3.27
4H-2, 76–77 30.00 0.43 3.29
4H-2, 78–79 30.02 0.41 2.64
4H-2, 80–81 30.04 0.48 3.16
4H-2, 82–83 30.06 0.34 3.29
4H-2, 84–85 30.08 0.52 3.20
4H-2, 86–87 30.10 0.33 3.24
4H-2, 88–89 30.12 0.53 3.24
4H-2, 90–91 30.14 0.47 3.07
4H-2, 92–93 30.16 0.54 3.01
4H-2, 94–95 30.18 0.43 3.14
4H-2, 96–97 30.20 0.52 3.04
4H-2, 98–99 30.22 0.44 3.24
4H-2, 100–101 30.24
4H-2, 102–103 30.26 0.45 2.87
4H-2, 104–105 30.28 0.31 2.81
4H-2, 106–107 30.30 0.46 2.96
4H-2, 108–109 30.32 0.35 2.86
4H-2, 110–111 30.34 0.24 2.74
4H-2, 112–113 30.36 0.34 3.08
4H-2, 114–115 30.38 0.33 2.95
4H-2, 116–117 30.40 0.39 3.26
4H-2, 118–119 30.42 0.53 2.87
4H-2, 120–121 30.44 0.42 2.89
4H-2, 122–123 30.46 0.44 2.80
4H-2, 124–125 30.48 0.44 2.82
4H-2, 126–127 30.50 0.42 2.92
4H-2, 128–129 30.52 0.40 3.04
4H-2, 130–131 30.54 0.35 2.88
4H-2, 132–133 30.56 0.41 3.02
4H-2, 134–135 30.58 0.43 2.92
4H-2, 136–137 30.60 0.49 2.83
4H-2, 138–139 30.62 0.39 2.94
4H-2, 140–141 30.64 0.35 2.55
4H-2, 142–143 30.66 0.35 3.05
4H-2, 144–145 30.68 0.52 3.13
4H-2, 146–147 30.70 0.14 2.91
4H-2, 148–149 30.72 0.46 2.80
4H-3, 0–1 30.76 0.22 3.19
4H-3, 2–3 30.78 0.34 2.64
4H-3, 4–5 30.80 0.47 3.10
ope data of Site 1236. (Continued on next eight pages.) 

4H-3, 6–7 30.82 0.36 2.46
4H-3, 8–9 30.84 0.53 3.14
4H-3, 10–11 30.86 0.33 3.17
4H-3, 12–13 30.88 0.44 2.76
4H-3, 14–15 30.90 0.45 2.64
4H-3, 16–17 30.92 0.49 3.05
4H-3, 18–19 30.94 0.38 2.62
4H-3, 20–21 30.96 0.53 3.01
4H-3, 22–23 30.98 0.46 3.09
4H-3, 24–25 31.00 0.45 3.07
4H-3, 26–27 31.02 0.29 2.98
4H-3, 28–29 31.04 0.44 2.83
4H-3, 30–31 31.06 0.46 3.03
4H-3, 32–33 31.08 0.39 2.70
4H-3, 34–35 31.10 0.34 2.94
4H-3, 36–37 31.12 0.30 2.93
4H-3, 38–39 31.14 0.40 3.08
4H-3, 40–41 31.16 0.27 3.02
4H-3, 42–43 31.18 0.47 3.22
4H-3, 44–45 31.20 0.50 3.30
4H-3, 46–47 31.22 0.16 3.55
4H-3, 48–49 31.24 0.45 3.17
4H-3, 50–51 31.26 0.60 3.12
4H-3, 52–53 31.28 0.56 3.21
4H-3, 54–55 31.30 0.55 3.23
4H-3, 56–57 31.32 0.54 3.16
4H-3, 58–59 31.34 0.51 3.19
4H-3, 60–61 31.36 0.61 3.10
4H-3, 62–63 31.38 0.59 3.06
4H-3, 64–65 31.40 0.63 3.26
4H-3, 66–67 31.42 0.44 3.21
4H-3, 68–69 31.44 0.54 3.05
4H-3, 70–71 31.46 0.50 3.05
4H-3, 72–73 31.48 0.47 3.04
4H-3, 74–75 31.50 0.48 3.07
4H-3, 76–77 31.52 0.45 2.97
4H-3, 78–79 31.54 0.52 3.24
4H-3, 80–81 31.56 0.50 3.12
4H-3, 82–83 31.58 0.60 3.18
4H-3, 84–85 31.60 0.50 3.08
4H-3, 86–87 31.62 0.41 3.11
4H-3, 88–89 31.64 0.50 3.10
4H-3, 90–91 31.66 0.42 2.95
4H-3, 92–93 31.68 0.54 3.08
4H-3, 94–95 31.70 0.49 3.12
4H-3, 96–97 31.72 0.42 3.07
4H-3, 98–99 31.74 0.35 3.21
4H-3, 100–101 31.76 0.55 3.09
4H-3, 102–103 31.78 0.46 3.01
4H-3, 104–105 31.80 0.44 3.11
4H-3, 106–107 31.82 0.55 3.12
4H-3, 108–109 31.84 0.43 3.20
4H-3, 110–111 31.86 0.33 3.17
4H-3, 112–113 31.88 0.40 3.16
4H-3, 114–115 31.90 0.32 3.14
4H-3, 116–117 31.92 0.38 3.15
4H-3, 118–119 31.94 0.32 3.02
4H-3, 120–121 31.96 0.47 3.17
4H-3, 122–123 31.98 0.25 3.23
4H-3, 124–125 32.00 0.26 3.14
4H-3, 126–127 32.02 0.29 3.07
4H-3, 128–129 32.04 0.44 3.29
4H-3, 130–131 32.06 0.50 3.23
4H-3, 132–133 32.08 0.23 3.16
4H-3, 134–135 32.10 0.46 3.28
4H-3, 136–137 32.12 0.63 3.28
4H-3, 138–139 32.14 0.56 3.19
4H-3, 140–141 32.16 0.21 3.14
4H-3, 142–143 32.18 0.68 3.31

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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4H-3, 144–145 32.20 0.68 3.21
4H-4, 0–1 32.26 0.68 3.21
4H-4, 2–3 32.28 0.60 3.20
4H-4, 4–5 32.30 0.50 3.11
4H-4, 6–7 32.32 0.41 3.28
4H-4, 8–9 32.34 0.51 3.36
4H-4, 10–11 32.36 0.63 3.23
4H-4, 12–13 32.38 0.57 3.25
4H-4, 14–15 32.40 0.46 3.21
4H-4, 16–17 32.42 0.57 3.32
4H-4, 18–19 32.44
4H-4, 20–21 32.46 0.52 3.35
4H-4, 22–23 32.48 0.54 3.24
4H-4, 24–25 32.50 0.48 3.21
4H-4, 26–27 32.52 0.42 3.03
4H-4, 28–29 32.54 0.57 3.31
4H-4, 30–31 32.56 0.54 3.21
4H-4, 32–33 32.58 0.46 3.38
4H-4, 34–35 32.60 0.58 3.30
4H-4, 36–37 32.62 0.53 3.26
4H-4, 38–39 32.64 0.61 3.09
4H-4, 40–41 32.66 0.60 3.24
4H-4, 42–43 32.68 0.64 3.04
4H-4, 44–45 32.70 0.58 3.19
4H-4, 46–47 32.72 0.59 2.91
4H-4, 48–49 32.74 0.67 3.12
4H-4, 50–51 32.76 0.63 3.16
4H-4, 52–53 32.78 0.62 3.29
4H-4, 54–55 32.80 0.68 3.11
4H-4, 56–57 32.82 0.74 3.22
4H-4, 58–59 32.84 0.68 3.00
4H-4, 60–61 32.86 0.67 3.07
4H-4, 62–63 32.88 0.65 3.19
4H-4, 64–65 32.90 0.53 3.28
4H-4, 66–67 32.92 0.64 3.24
4H-4, 68–69 32.94 0.46 2.96
4H-4, 70–71 32.96 0.54 3.17
4H-4, 72–73 32.98 0.63 3.21
4H-4, 74–75 33.00 0.43 3.11

202-1236B-
2H-3, 33–34 12.42 0.55 3.40
2H-3, 35–36 12.44 0.52 3.49
2H-3, 37–38 12.46 0.56 3.21
2H-3, 39–40 12.48 0.48 3.39
2H-3, 41–42 12.50 0.38 3.26
2H-3, 43–44 12.52 0.37 3.37
2H-3, 45–46 12.54 0.50 3.12
2H-3, 47–48 12.56 0.43 3.41
2H-3, 49–50 12.58 0.58 3.11
2H-3, 51–52 12.60 0.28 3.41
2H-3, 53–54 12.62 0.52 3.16
2H-3, 55–56 12.64 0.41 3.01
2H-3, 57–58 12.66 0.42 3.12
2H-3, 59–60 12.68 0.47 3.13
2H-3, 61–62 12.70 0.45 3.28
2H-3, 63–64 12.72 0.51 3.41
2H-3, 65–66 12.74 0.56 3.53
2H-3, 67–68 12.76 0.48 3.21
2H-3, 69–70 12.78 0.54 3.15
2H-3, 71–72 12.80 0.49 3.13
2H-3, 73–74 12.82 0.48 3.28
2H-3, 75–76 12.84 0.42 3.32
2H-3, 77–78 12.86 0.23 3.53
2H-3, 79–80 12.88 0.49 3.27
2H-3, 81–82 12.90 0.41 3.36
2H-3, 83–84 12.92 0.53 3.24
2H-3, 85–86 12.94 0.43 3.50
2H-3, 87–88 12.96 0.51 3.19
2H-3, 89–90 12.98 0.46 3.18

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT1 (continued). 
2H-3, 91–92 13.00 0.48 3.38
2H-3, 93–94 13.02 0.49 3.28
2H-3, 95–96 13.04 0.42 3.34
2H-3, 97–98 13.06 0.27 3.25
2H-3, 99–100 13.08 0.45 3.51
2H-3, 101–102 13.10 0.42 3.28
2H-3, 103–104 13.12 0.33 3.44
2H-3, 105–106 13.14 0.37 3.35
2H-3, 107–108 13.16 0.35 3.39
2H-3, 109–110 13.18 0.31 3.14
2H-3, 111–112 13.20 0.25 3.45
2H-3, 113–114 13.22 0.37 3.56
2H-3, 115–116 13.24 0.42 3.20
2H-3, 117–118 13.26 0.30 3.38
2H-3, 119–120 13.28 0.32 3.39
2H-3, 121–122 13.30 0.42 3.47
2H-3, 123–124 13.32 0.23 3.45
2H-3, 125–126 13.34 0.36 3.49
2H-3, 127–128 13.36 0.48 3.15
2H-3, 129–130 13.38 0.32 3.25
2H-3, 131–132 13.40 0.35 3.45
2H-3, 133–134 13.42 0.32 3.47
2H-3, 135–136 13.44 0.41 3.36
2H-3, 137–138 13.46 0.47 3.56
2H-3, 139–140 13.48 0.39 3.31
2H-3, 141–142 13.50 0.43 3.52
2H-3, 143–144 13.52 0.05 3.91
2H-3, 145–146 13.54 0.49 3.29
2H-3, 147–148 13.56 0.14 3.70
2H-4, 0–1 13.60 0.19 3.37
2H-4, 2–3 13.62 0.27 3.73
2H-4, 4–5 13.64 0.35 3.68
2H-4, 6–7 13.66 0.29 3.40
2H-4, 8–9 13.68 3.84
2H-4, 10–11 13.70 0.31 3.49
2H-4, 12–13 13.72 0.30 3.64
2H-4, 14–15 13.74 0.41 3.20
2H-4, 16–17 13.76 0.24 3.30
2H-4, 18–19 13.78 0.26 3.37
2H-4, 20–21 13.80 0.29 3.43
2H-4, 22–23 13.82 0.52 3.35
2H-4, 24–25 13.84 0.45 3.51
2H-4, 26–27 13.86 0.44 3.34
2H-4, 28–29 13.88 0.56 3.28
2H-4, 30–31 13.90 0.56 3.23
2H-4, 32–33 13.92 0.39 3.33
2H-4, 34–35 13.94 0.51 3.25
2H-4, 36–37 13.96 0.44 3.29
2H-4, 38–39 13.98 0.37 3.56
2H-4, 40–41 14.00 0.50 3.03
2H-4, 42–43 14.02 0.35 3.43
2H-4, 44–45 14.04 0.41 3.29
2H-4, 46–47 14.06 0.48 3.20
2H-4, 48–49 14.08 0.45 3.32
2H-4, 50–51 14.10 0.34 3.53
2H-4, 52–53 14.12 0.41 3.48
2H-4, 54–55 14.14 0.20 3.75
2H-4, 56–57 14.16 0.41 3.35
2H-4, 58–59 14.18 0.43 3.27
2H-4, 60–61 14.20 0.25 3.60
2H-4, 62–63 14.22 0.34 3.37
2H-4, 64–65 14.24 0.41 3.53
2H-4, 66–67 14.26 0.27 3.86
2H-4, 68–69 14.28 0.34 3.45
2H-4, 70–71 14.30 0.13 3.53
2H-4, 72–73 14.32 0.31 3.44
2H-4, 74–75 14.34 0.27 3.50
2H-4, 76–77 14.36 0.08 3.58
2H-4, 78–79 14.38 0.08 3.64

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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2H-4, 80–81 14.40 0.14 3.59
2H-4, 82–83 14.42 0.28 3.42
2H-4, 84–85 14.44
2H-4, 86–87 14.46 0.37 3.31
2H-4, 88–89 14.48 0.27 3.37
2H-4, 90–91 14.50 0.37 3.11
2H-4, 92–93 14.52 0.55 3.53
2H-4, 94–95 14.54 0.42 3.40
2H-4, 96–97 14.56 0.30 3.46
2H-4, 98–99 14.58 0.60 3.15
2H-4, 100–101 14.60 0.67 3.31
2H-4, 102–103 14.62 0.49 3.29
2H-4, 104–105 14.64 0.60 3.37
2H-4, 106–107 14.66 0.65 3.34
2H-4, 108–109 14.68 0.36 3.40
2H-4, 110–111 14.70 0.48 3.43
2H-4, 112–113 14.72 0.44 3.51
2H-4, 114–115 14.74 0.55 3.30
2H-4, 116–117 14.76 0.52 3.31
2H-4, 118–119 14.78 0.63 3.30
2H-4, 120–121 14.80 0.63 3.22
2H-4, 122–123 14.82 0.62 3.28
2H-4, 124–125 14.84 0.60 3.28
2H-4, 126–127 14.86 0.63 3.08
2H-4, 128–129 14.88 0.63 3.06
2H-4, 130–131 14.90 0.57 3.41
2H-4, 132–133 14.92 0.63 3.20
2H-4, 134–135 14.94 0.64 3.35
2H-4, 136–137 14.96 0.56 3.30
2H-4, 138–139 14.98 0.37 3.20
2H-4, 140–141 15.00 0.67 3.23
2H-4, 142–143 15.02 0.67 3.13
2H-4, 144–145 15.04 0.60 3.35
2H-4, 146–147 15.06 0.59 3.27
2H-4, 148–149 15.08 0.62 3.31
2H-5, 0–1 15.10 0.71 3.14
2H-5, 2–3 15.12 0.63 3.23
2H-5, 4–5 15.14 0.57 3.38
2H-5, 6–7 15.16 0.46 3.51
2H-5, 8–9 15.18 0.25 3.57
2H-5, 10–11 15.20 0.61 3.18
2H-5, 12–13 15.22 0.60 3.32
2H-5, 14–15 15.24 0.67 3.22
2H-5, 16–17 15.26 0.48 3.30
2H-5, 18–19 15.28 0.55 3.31
2H-5, 20–21 15.30 0.56 3.27
2H-5, 22–23 15.32 0.53 3.25
2H-5, 24–25 15.34 0.29 3.41
2H-5, 26–27 15.36 0.43 3.31
2H-5, 28–29 15.38 0.48 3.24
2H-5, 30–31 15.40 0.40 3.37
2H-5, 32–33 15.42 0.43 3.16
2H-5, 34–35 15.44
2H-5, 36–37 15.46 0.27 3.43
2H-5, 38–39 15.48 0.25 3.48
2H-5, 40–41 15.50
2H-5, 42–43 15.52 0.30 3.44
2H-5, 44–45 15.54 0.25 3.35
2H-5, 46–47 15.56 0.37 3.26
2H-5, 48–49 15.58 0.15 3.51
2H-5, 50–51 15.60 0.24 3.16
2H-5, 52–53 15.62 0.04 3.62
2H-5, 54–55 15.64 0.30 3.45
2H-5, 56–57 15.66 0.15 3.78
2H-5, 58–59 15.68 0.19 3.82
2H-5, 60–61 15.70 0.29 3.29
2H-5, 62–63 15.72 0.45 3.29
2H-5, 64–65 15.74 0.30 3.60
2H-5, 66–67 15.76 0.37 3.44

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT1 (continued). 
2H-5, 68–69 15.78 0.34 3.34
2H-5, 70–71 15.80 0.29 3.33
2H-5, 72–73 15.82 0.31 3.54
2H-5, 74–75 15.84
2H-5, 76–77 15.86 0.35 3.21
2H-5, 78–79 15.88 0.19 3.29
2H-5, 80–81 15.90 0.37 3.41
3H-2, 23–24 20.96 0.50 2.89
3H-2, 25–26 20.98 0.53 2.99
3H-2, 27–28 21.00 0.45 3.01
3H-2, 29–30 21.02 0.46 3.07
3H-2, 31–32 21.04 0.54 3.09
3H-2, 33–34 21.06 0.61 3.34
3H-2, 35–36 21.08 0.53 3.01
3H-2, 37–38 21.10 0.45 2.94
3H-2, 39–40 21.12 0.70 3.05
3H-2, 41–42 21.14 0.49 3.11
3H-2, 43–44 21.16 0.44 3.06
3H-2, 45–46 21.18 0.64 3.13
3H-2, 47–48 21.20 0.61 3.09
3H-2, 49–50 21.22 0.60 3.04
3H-2, 51–52 21.24 0.47 2.99
3H-2, 53–54 21.26 0.53 3.10
3H-2, 55–56 21.28 0.56 3.07
3H-2, 57–58 21.30 0.65 3.15
3H-2, 59–60 21.32 0.51 3.26
3H-2, 61–62 21.34 0.67 3.07
3H-2, 63–64 21.36 0.48 3.18
3H-2, 65–66 21.38 0.42 3.32
3H-2, 67–68 21.40 0.47 3.04
3H-2, 69–70 21.42 0.62 2.92
3H-2, 71–72 21.44 0.53 3.04
3H-2, 73–74 21.46 0.48 3.08
3H-2, 75–76 21.48 0.54 3.28
3H-2, 77–78 21.50 0.61 3.09
3H-2, 79–80 21.52 0.50 3.23
3H-2, 81–82 21.54 0.55 3.14
3H-2, 83–84 21.56 0.47 3.15
3H-2, 85–86 21.58 0.52 3.10
3H-2, 87–88 21.60 0.34 3.42
3H-2, 89–90 21.62 0.40 3.14
3H-2, 91–92 21.64 0.20 3.09
3H-2, 93–94 21.66 0.45 3.09
3H-2, 95–96 21.68 0.34 3.05
3H-2, 97–98 21.70 0.47 3.20
3H-2, 99–100 21.72 0.35 3.18
3H-2, 101–102 21.74 0.55 3.13
3H-2, 103–104 21.76 0.54 3.23
3H-2, 105–106 21.78 0.51 3.18
3H-2, 107–108 21.80 0.55 3.31
3H-2, 109–110 21.82 0.50 3.09
3H-2, 111–112 21.84 0.46 3.21
3H-2, 113–114 21.86 0.60 3.14
3H-2, 115–116 21.88 0.49 3.05
3H-2, 117–118 21.90 0.50 3.13
3H-2, 119–120 21.92 0.40 3.16
3H-2, 121–122 21.94 0.47 3.18
3H-2, 123–124 21.96 0.36 3.21
3H-2, 125–126 21.98 0.57 3.25
3H-2, 127–128 22.00 0.55 3.12
3H-2, 129–130 22.02 0.58 3.21
3H-2, 131–132 22.04 0.57 3.18
3H-2, 133–134 22.06 0.63 3.12
3H-2, 135–136 22.08 0.56 3.08
3H-2, 137–138 22.10 0.59 3.26
3H-2, 139–140 22.12 0.50 3.13
3H-2, 141–142 22.14 0.64 3.27
3H-2, 143–144 22.16 0.46 3.14
3H-2, 145–146 22.18 0.63 2.97

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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3H-2, 147–148 22.20 0.48 3.03
3H-2, 149–150 22.22 0.61 3.05
3H-3, 0–1 22.24 0.54 3.08
3H-3, 2–3 22.26 0.45 3.21
3H-3, 4–5 22.28 0.62 3.05
3H-3, 6–7 22.30 0.64 3.09
3H-3, 8–9 22.32 0.58 3.11
3H-3, 10–11 22.34 0.63 3.15
3H-3, 12–13 22.36 0.56 3.08
3H-3, 14–15 22.38 0.57 2.99
3H-3, 16–17 22.40 0.58 2.89
3H-3, 18–19 22.42 0.53 2.86
3H-3, 20–21 22.44 0.57 3.03
3H-3, 22–23 22.46 0.59 3.15
3H-3, 24–25 22.48 0.58 3.13
3H-3, 26–27 22.50 0.55 2.98
3H-3, 28–29 22.52 0.58 3.14
3H-3, 30–31 22.54 0.54 3.07
3H-3, 32–33 22.56 0.66 3.02
3H-3, 34–35 22.58 0.61 3.17
3H-3, 36–37 22.60 0.73 3.15
3H-3, 38–39 22.62 0.68 3.20
3H-3, 40–41 22.64 0.64 3.22
3H-3, 42–43 22.66 0.62 3.18
3H-3, 44–45 22.68 0.74 3.07
3H-3, 46–47 22.70 0.78 3.17
3H-3, 48–49 22.72
3H-3, 50–51 22.74 0.65 3.16
3H-3, 52–53 22.76 0.63 3.38
3H-3, 54–55 22.78 0.67 3.42
3H-3, 56–57 22.80 0.66 3.27
3H-3, 58–59 22.82 0.66 3.27
3H-3, 60–61 22.84 0.67 3.16
3H-3, 62–63 22.86 0.72 3.21
3H-3, 64–65 22.88 0.63 3.27
3H-3, 66–67 22.90 0.78 3.26
3H-3, 68–69 22.92 0.88 3.14
3H-3, 70–71 22.94 0.73 3.29
3H-3, 72–73 22.96 0.78 3.05
3H-3, 74–75 22.98 0.67 3.19
3H-3, 76–77 23.00 0.75 3.17
3H-3, 78–79 23.02 0.72 3.24
3H-3, 80–81 23.04 0.67 3.29
3H-3, 82–83 23.06 0.80 3.11
3H-3, 84–85 23.08 0.79 3.01
3H-3, 86–87 23.10 0.69 3.19
3H-3, 88–89 23.12 0.68 3.23
3H-3, 90–91 23.14 0.87 3.18
3H-3, 92–93 23.16 0.67 3.21
3H-3, 94–95 23.18 0.87 3.07
3H-3, 96–97 23.20 0.78 3.18
3H-3, 98–99 23.22 0.72 3.17
3H-3, 100–101 23.24 0.54 3.28
3H-3, 102–103 23.26 0.76 3.23
3H-3, 104–105 23.28 0.74 3.22
3H-3, 106–107 23.30 0.82 3.15
3H-3, 108–109 23.32 0.68 3.15
3H-3, 110–111 23.34 0.78 3.17
3H-3, 112–113 23.36 0.64 3.51
3H-3, 114–115 23.38 0.87 2.99
3H-3, 116–117 23.40 0.70 3.03
3H-3, 118–119 23.42 0.82 3.18
3H-3, 120–121 23.44 0.72 3.17
3H-3, 122–123 23.46 0.82 3.09
3H-3, 124–125 23.48 0.74 3.15
3H-3, 126–127 23.50 0.84 3.23
3H-3, 128–129 23.52 0.94 3.06
3H-3, 130–131 23.54 0.78 3.10
3H-3, 132–133 23.56 0.80 3.01

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT1 (continued). 
3H-3, 134–135 23.58 0.87 3.24
3H-3, 136–137 23.60 0.85 3.13
3H-3, 138–139 23.62 0.89 2.99
3H-3, 140–141 23.64
3H-3, 142–143 23.66 0.86 3.04
3H-3, 144–145 23.68 0.87 3.17
3H-3, 146–147 23.70 0.77 2.92
3H-3, 148–149 23.72 0.73 3.16
3H-3, 150–151 23.74 0.67 3.07
3H-4, 1–2 23.76 0.74 3.20
3H-4, 3–4 23.78 0.63 3.34
3H-4, 5–6 23.80 0.73 3.19
3H-4, 7–8 23.82 0.69 3.27
3H-4, 9–10 23.84 0.61 3.16
3H-4, 11–12 23.86 0.58 3.32
3H-4, 13–14 23.88 0.56 3.21
3H-4, 15–16 23.90 0.67 3.03
3H-4, 17–18 23.92 0.78 3.10
3H-4, 19–20 23.94 0.65 3.18
3H-4, 21–22 23.96 0.61 3.16
3H-4, 23–24 23.98 0.70 3.07
3H-4, 25–26 24.00 0.63 3.12
3H-4, 27–28 24.02 0.70 3.25
3H-4, 29–30 24.04 0.71 3.10
3H-4, 31–32 24.06 0.64 3.25
3H-4, 33–34 24.08 0.61 3.06
3H-4, 35–36 24.10 0.56 2.89
3H-4, 37–38 24.12 0.68 3.10
3H-4, 39–40 24.14 0.69 3.07
3H-4, 41–42 24.16 0.60 3.20
3H-4, 43–44 24.18 0.67 3.14
3H-4, 45–46 24.20 0.69 3.19
3H-4, 47–48 24.22 0.61 3.02
3H-4, 49–50 24.24 0.66 3.23
3H-4, 51–52 24.26 0.62 3.12
3H-4, 53–54 24.27 0.62 3.14
3H-4, 55–56 24.30 0.67 3.23
3H-4, 57–58 24.32 0.71 3.23
3H-4, 59–60 24.34 0.68 3.14
3H-4, 61–62 24.36 0.70 3.17
3H-4, 63–64 24.38 0.71 3.12
3H-4, 65–66 24.40 0.69 3.01
3H-4, 67–68 24.42 0.70 3.18
3H-4, 69–70 24.44 0.70 3.25
3H-4, 71–72 24.46 0.57 3.21
3H-4, 73–74 24.48 0.61 3.13
3H-4, 75–76 24.50 0.60 3.18
3H-4, 77–78 24.52 0.68 3.07
3H-4, 79–80 24.54 0.62 3.03
3H-4, 81–82 24.56 0.67 3.20
3H-4, 83–84 24.58 0.58 3.12
3H-4, 85–86 24.60 0.62 3.21
3H-4, 87–88 24.62 0.64 3.23
3H-4, 89–90 24.64 0.60 3.15
3H-4, 91–92 24.66 0.60 3.21
3H-4, 93–94 24.68 0.43 2.94
3H-4, 95–96 24.70 0.58 3.11
3H-4, 97–98 24.72 0.27 3.46
3H-4, 99–100 24.74 0.55 3.12
3H-4, 101–102 24.76 0.53 3.00
3H-4, 103–104 24.78
3H-4, 105–106 24.80 0.49 3.21
3H-4, 107–108 24.82 0.51 3.15
3H-4, 109–110 24.84 0.50 3.08
3H-4, 111–112 24.86 0.54 3.14
3H-4, 113–114 24.88 0.55 3.20
3H-4, 115–116 24.90 0.52 3.35
3H-4, 117–118 24.92 0.58 3.12
3H-4, 119–120 24.94 0.62 3.06

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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3H-4, 121–122 24.96 0.45 3.22
3H-4, 123–124 24.98 0.67 3.21
3H-4, 125–126 25.00 0.68 3.12
3H-4, 127–128 25.02 0.68 3.26
3H-4, 129–130 25.04 0.73 3.21
3H-4, 131–132 25.06 0.66 3.20
3H-4, 133–134 25.08 0.63 2.93
3H-4, 135–136 25.10 0.64 3.02
3H-4, 137–138 25.12 0.58 3.06
3H-4, 139–140 25.14 0.74 3.02
3H-4, 141–142 25.16 0.56 3.03
3H-4, 143–144 25.18 0.43 3.09
3H-4, 145–146 25.20 0.49 3.20
3H-4, 147–148 25.22 0.50 3.10
3H-4, 149–150 25.24 0.53 3.03
3H-5, 0–1 25.26 0.47 3.14
3H-5, 2–3 25.28 0.48 3.06
3H-5, 4–5 25.30 0.49 3.03
3H-5, 6–7 25.32 0.49 3.28
3H-5, 8–9 25.34
3H-5, 10–11 25.36 0.57 3.21
3H-5, 12–13 25.38 0.43 2.62
3H-5, 14–15 25.40 0.56 3.05
3H-5, 16–17 25.42 0.55 3.09
3H-5, 18–19 25.44 0.58 2.92
3H-5, 20–21 25.46 0.58 3.03
3H-5, 22–23 25.48 0.55 3.14
3H-5, 24–25 25.50 0.56 3.01
3H-5, 26–27 25.52 0.48 3.03
3H-5, 28–29 25.54 0.53 2.94
3H-5, 30–31 25.56 0.61 3.14
3H-5, 32–33 25.58 0.41 3.19
3H-5, 34–35 25.60 0.52 3.00
3H-5, 36–37 25.62 0.44 3.17
3H-5, 38–39 25.64 0.47 3.16
3H-5, 40–41 25.66 0.55 3.06
3H-5, 42–43 25.68 0.54 3.03
3H-5, 44–45 25.70 0.39 2.85
3H-5, 46–47 25.72 0.36 3.06
3H-5, 48–49 25.74 0.29 2.70
3H-5, 50–51 25.76 0.48 3.11
3H-5, 52–53 25.78 0.35 3.09

202-1236C-
1H-5, 0–1 9.40 0.28 3.69
1H-5, 2–3 9.42 0.18 3.88
1H-5, 4–5 9.44 0.41 3.54
1H-5, 6–7 9.46 0.36 3.46
1H-5, 8–9 9.48 0.45 3.47
1H-5, 10–11 9.50 0.31 3.49
1H-5, 12–13 9.52 0.23 3.64
1H-5, 14–15 9.54 0.12 3.64
1H-5, 16–17 9.56 0.15 3.77
1H-5, 18–19 9.58 0.39 3.38
1H-5, 20–21 9.60 0.32 3.40
1H-5, 22–23 9.62 0.35 3.19
1H-5, 24–25 9.64 0.39 3.52
1H-5, 26–27 9.66 0.32 3.38
1H-5, 28–29 9.68 0.20 3.40
1H-5, 30–31 9.70 0.29 3.61
1H-5, 32–33 9.72 0.25 3.58
1H-5, 34–35 9.74 0.32 3.44
1H-5, 36–37 9.76 0.34 3.61
1H-5, 38–39 9.78 0.34 3.54
1H-5, 40–41 9.80 0.25 3.54
1H-5, 42–43 9.82 0.35 3.33
1H-5, 44–45 9.84 0.08 3.83
1H-5, 46–47 9.86 0.35 3.37
1H-5, 48–49 9.88 0.40 3.64
1H-5, 50–51 9.90 0.47 3.34

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT1 (continued). 
1H-5, 52–53 9.92 0.32 3.56
1H-5, 54–55 9.94 0.29 3.37
1H-5, 56–57 9.96 0.43 3.39
1H-5, 58–59 9.98 0.54 3.42
1H-5, 60–61 10.00 0.38 3.42
1H-5, 62–63 10.02 0.30 3.39
1H-5, 64–65 10.04 0.39 3.34
1H-5, 66–67 10.06 0.40 3.40
1H-5, 68–69 10.08 0.43 3.48
1H-5, 70–71 10.10 0.64 3.52
1H-5, 72–73 10.12 0.48 3.59
1H-5, 74–75 10.14 0.62 3.43
1H-5, 76–77 10.16 0.43 3.75
1H-5, 78–79 10.18 0.64 3.44
1H-5, 80–81 10.20 0.63 3.60
1H-5, 82–83 10.22 0.54 3.32
1H-5, 84–85 10.24 0.53 3.65
1H-5, 86–87 10.26 0.57 3.57
1H-5, 88–89 10.28 0.53 3.75
1H-5, 90–91 10.30 0.46 3.72
1H-5, 92–93 10.32 0.59 3.55
1H-5, 94–95 10.34 0.57 3.59
1H-5, 96–97 10.36 0.58 3.62
1H-5, 98–99 10.38 0.36 3.47
1H-5, 100–101 10.40 0.48 3.48
1H-5, 102–103 10.42 0.53 3.48
1H-5, 104–105 10.44
1H-5, 106–107 10.46 0.45 3.55
1H-5, 108–109 10.48 0.27 3.88
1H-5, 110–111 10.50 0.27 3.85
1H-5, 112–113 10.52 0.33 3.83
1H-5, 114–115 10.54 0.26 4.03
1H-5, 116–117 10.56 0.50 3.44
1H-5, 118–119 10.58 0.28 4.02
1H-5, 120–121 10.60 0.37 3.48
1H-5, 122–123 10.62 0.25 3.59
1H-5, 124–125 10.64 0.14 3.89
1H-5, 126–127 10.66 0.31 3.66
1H-5, 128–129 10.68 0.38 3.43
1H-5, 130–131 10.70 0.42 3.67
1H-5, 132–133 10.72 0.24 3.78
1H-5, 134–135 10.74 0.13 3.92
1H-5, 136–137 10.76 –0.01 4.01
1H-5, 138–139 10.78 0.22 3.89
1H-5, 140–141 10.80 0.28 3.71
1H-5, 142–143 10.82 0.09 4.03
1H-5, 144–145 10.84 0.22 3.97
1H-5, 146–147 10.86 0.31 3.23
1H-5, 148–149 10.88 0.18 3.53
1H-5, 150–151 10.90 0.05 3.89
1H-6, 1–2 10.92 –0.01 3.98
1H-6, 3–4 10.94 0.34 3.52
1H-6, 5–6 10.96 0.19 3.31
1H-6, 7–8 10.98 0.21 3.67
1H-6, 9–10 11.00 0.14 3.97
1H-6, 11–12 11.02 0.45 3.05
1H-6, 13–14 11.04 0.45 3.17
1H-6, 15–16 11.06 0.42 3.29
1H-6, 17–18 11.08 0.46 3.43
1H-6, 19–20 11.10 0.36 3.54
1H-6, 21–22 11.12 0.43 3.12
1H-6, 23–24 11.14 0.38 3.50
1H-6, 25–26 11.16 0.41 3.30
1H-6, 27–28 11.18 0.43 3.06
1H-6, 29–30 11.20 0.45 3.21
1H-6, 31–32 11.22 0.36 3.54
1H-6, 33–34 11.24 0.40 3.15
1H-6, 35–36 11.26 0.41 3.40
1H-6, 37–38 11.28 0.42 3.38

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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1H-6, 39–40 11.30 0.39 3.51
1H-6, 41–42 11.32 0.38 3.34
1H-6, 43–44 11.34 0.43 3.25
1H-6, 45–46 11.36 0.19 3.67
1H-6, 47–48 11.38 0.30 3.57
1H-6, 49–50 11.40 0.32 3.61
1H-6, 51–52 11.42 0.16 3.44
1H-6, 53–54 11.44 0.31 3.82
1H-6, 55–56 11.46 0.23 3.72
1H-6, 57–58 11.48 0.42 3.46
1H-6, 59–60 11.50 0.33 3.26
1H-6, 61–62 11.52 0.40 3.49
1H-6, 63–64 11.54 0.21 3.55
1H-6, 65–66 11.56 0.49 3.19
1H-6, 67–68 11.58 0.41 3.48
1H-6, 69–70 11.60 0.38 3.47
1H-6, 71–72 11.62 0.42 3.56
1H-6, 73–74 11.64 0.32 3.50
1H-6, 75–76 11.66 0.34 3.48
1H-6, 77–78 11.68 0.25 3.59
1H-6, 79–80 11.70 0.34 3.62
1H-6, 81–82 11.72 0.17 3.70
1H-6, 83–84 11.74 0.37 3.24
1H-6, 85–86 11.76 0.20 3.74
1H-6, 87–88 11.78 0.34 3.84
1H-6, 89–90 11.80 0.48 3.55
1H-6, 91–92 11.82
1H-6, 93–94 11.84 0.34 3.78
1H-6, 95–96 11.86 0.43 3.44
1H-6, 97–98 11.88
1H-6, 99–100 11.90 0.30 3.83
1H-6, 101–102 11.92 0.33 3.63
1H-6, 103–104 11.94 0.26 4.04
1H-6, 105–106 11.96
1H-6, 107–108 11.98
1H-6, 109–110 12.00
1H-6, 111–112 12.02
1H-6, 113–114 12.04
1H-6, 115–116 12.06 0.16 3.89
1H-6, 117–118 12.08 0.46 3.66
1H-6, 119–120 12.10 0.16 3.94
1H-6, 121–122 12.12 0.31 3.66
1H-6, 123–124 12.14 0.29 3.84
1H-6, 125–126 12.16 0.31 3.65
1H-6, 127–128 12.18 0.32 3.77
1H-6, 129–130 12.20 0.14 3.79
1H-6, 131–132 12.22 0.17 4.00
1H-6, 133–134 12.24 0.28 3.67
1H-6, 135–136 12.26
1H-6, 137–138 12.28 0.43 3.62
1H-6, 139–140 12.30
1H-6, 141–142 12.32 0.06 4.11
1H-6, 143–144 12.34 0.40 3.70
1H-6, 145–146 12.36 0.39 3.65
1H-6, 147–148 12.38 0.30 3.52
1H-6, 149–150 12.40 0.43 3.55
2H-3, 11–12 16.00 3.22
2H-3, 13–14 16.02 0.35 3.24
2H-3, 15–16 16.04 0.31 3.30
2H-3, 17–18 16.06 2.82
2H-3, 19–20 16.08 0.27 3.01
2H-3, 21–22 16.10 2.89
2H-3, 23–24 16.12 2.97
2H-3, 25–26 16.14 2.95
2H-3, 27–28 16.16 0.32 3.31
2H-3, 29–30 16.18 0.54 3.22
2H-3, 31–32 16.20 2.99
2H-3, 33–34 16.22 0.30 3.17
2H-3, 35–36 16.24 0.32 3.10

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT1 (continued). 
2H-3, 37–38 16.26 0.35 3.25
2H-3, 39–40 16.28 0.32 3.22
2H-3, 41–42 16.30 0.29 3.29
2H-3, 43–44 16.32 0.37 3.17
2H-3, 45–46 16.34 0.50 3.15
2H-3, 47–48 16.36 0.24 3.15
2H-3, 49–50 16.38 0.49 3.09
2H-3, 51–52 16.40 0.43 3.14
2H-3, 53–54 16.42 0.48 3.17
2H-3, 55–56 16.44 0.46 3.20
2H-3, 57–58 16.46 0.40 3.12
2H-3, 59–60 16.48 0.43 3.12
2H-3, 61–62 16.50 0.42 3.19
2H-3, 63–64 16.52 0.25 3.25
2H-3, 65–66 16.54 2.94
2H-3, 67–68 16.56 0.39 3.22
2H-3, 69–70 16.58 0.54 3.19
2H-3, 71–72 16.60 2.91
2H-3, 73–74 16.62 2.94
2H-3, 75–76 16.64 0.40 3.32
2H-3, 77–78 16.66 2.99
2H-3, 79–80 16.68 2.97
2H-3, 81–82 16.70 2.81
2H-3, 83–84 16.72
2H-3, 85–86 16.74 2.98
2H-3, 87–88 16.76 2.85
2H-3, 89–90 16.78 2.75
2H-3, 91–92 16.80 2.82
2H-3, 93–94 16.82 3.11
2H-3, 95–96 16.84 2.90
2H-3, 97–98 16.86 2.89
2H-3, 99–100 16.88 3.03
2H-3, 101–102 16.90 0.50 3.10
2H-3, 103–104 16.92 0.53 3.17
2H-3, 105–106 16.94 0.56 3.19
2H-3, 107–108 16.96 0.56 3.04
2H-3, 109–110 16.98 0.62 3.26
2H-3, 111–112 17.00 0.62 3.20
2H-3, 113–114 17.02 0.62 3.10
2H-3, 115–116 17.04 0.46 3.42
2H-3, 117–118 17.06 0.56 3.17
2H-3, 119–120 17.08 0.55 3.09
2H-3, 121–122 17.10 2.80
2H-3, 123–124 17.12 2.74
2H-3, 125–126 17.14 0.48 3.27
2H-3, 127–128 17.16 2.80
2H-3, 129–130 17.18 2.93
2H-3, 131–132 17.20 2.96
2H-3, 133–134 17.22 0.55 3.26
2H-3, 135–136 17.24 2.95
2H-3, 137–138 17.26 0.63 3.38
2H-3, 139–140 17.28 0.40 3.42
2H-3, 141–142 17.30 3.03
2H-3, 143–144 17.32 0.55 3.40
2H-3, 145–146 17.34 0.69 3.08
2H-3, 147–148 17.36 0.46 3.38
2H-3, 149–150 17.38 0.71 3.21
2H-4, 0–1 17.40 2.91
2H-4, 2–3 17.42 2.90
2H-4, 4–5 17.44 2.79
2H-4, 6–7 17.46 0.34 3.51
2H-4, 8–9 17.48 2.79
2H-4, 10–11 17.50 0.26 3.33
2H-4, 12–13 17.52 0.52 3.26
2H-4, 14–15 17.54 2.99
2H-4, 16–17 17.56 0.43 3.51
2H-4, 18–19 17.58 0.36 3.33
2H-4, 20–21 17.60 0.56 3.31
2H-4, 22–23 17.62 0.34 3.04

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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2H-4, 24–25 17.64 0.45 3.36
2H-4, 26–27 17.66 0.52 3.20
2H-4, 28–29 17.68 0.52 3.23
2H-4, 30–31 17.70 0.42 3.47
2H-4, 32–33 17.72 0.38 3.29
2H-4, 34–35 17.74 0.54 3.30
2H-4, 36–37 17.76 0.30 3.12
2H-4, 38–39 17.78 0.60 3.20
2H-4, 40–41 17.80 0.42 3.13
2H-4, 42–43 17.82 0.36 3.07
2H-4, 44–45 17.84 0.46 3.21
2H-4, 46–47 17.86 0.47 3.35
2H-4, 48–49 17.88 0.41 3.30
2H-4, 50–51 17.90 0.42 3.35
2H-4, 52–53 17.92 0.35 2.97
2H-4, 54–55 17.94 0.42 3.18
2H-4, 56–57 17.96 0.48 3.25
2H-4, 58–59 17.98 0.48 3.47
2H-4, 60–61 18.00 0.44 3.14
2H-4, 62–63 18.02 0.50 3.28
2H-4, 64–65 18.04 0.56 3.26
2H-4, 66–67 18.06 0.62 3.09
2H-4, 68–69 18.08 0.45 3.28
2H-4, 70–71 18.10 0.44 3.17
2H-4, 72–73 18.12 0.40 3.22
2H-4, 74–75 18.14 0.52 3.36
2H-4, 76–77 18.16 0.44 3.17
2H-4, 78–79 18.18 0.50 3.37
2H-4, 80–81 18.20 0.49 3.27
2H-4, 82–83 18.22 0.46 3.25
2H-4, 84–85 18.24 0.54 3.19
2H-4, 86–87 18.26 0.68 3.32
2H-4, 88–89 18.28 0.56 2.89
2H-4, 90–91 18.30 0.47 3.23
2H-4, 92–93 18.32 0.41 3.48
2H-4, 94–95 18.34 0.50 3.41
2H-4, 96–97 18.36 0.38 3.21
2H-4, 98–99 18.38 0.49 3.20
2H-4, 100–101 18.40 0.37 3.34
2H-4, 102–103 18.42 0.39 3.23
2H-4, 104–105 18.44 0.55 3.08
2H-4, 106–107 18.46 0.42 3.05
2H-4, 108–109 18.48 0.53 2.96
2H-4, 110–111 18.50 0.54 3.09
2H-4, 112–113 18.52 0.45 3.07
2H-4, 114–115 18.54 0.55 3.28
2H-4, 116–117 18.56 0.52 3.31
2H-4, 118–119 18.58 0.56 3.32
2H-4, 120–121 18.60 0.52 3.35
2H-4, 122–123 18.62 0.45 2.98
2H-4, 124–125 18.64 0.64 3.08
2H-4, 126–127 18.66 0.78 3.21
2H-4, 128–129 18.68 0.43 3.12
2H-4, 130–131 18.70 0.45 2.88
2H-4, 132–133 18.72 0.49 3.04
2H-4, 134–135 18.74 0.43 3.05
2H-4, 136–137 18.76 0.48 3.39
2H-4, 138–139 18.78 0.40 3.06
2H-4, 140–141 18.80 0.43 2.91
2H-4, 142–143 18.82 0.42 2.97
2H-4, 144–145 18.84 0.61 3.14
2H-4, 146–147 18.86 0.45 3.27
2H-4, 148–149 18.88 0.40 3.00
2H-4, 150–151 18.90 0.58 3.21
2H-5, 1–2 18.92 0.33 2.84
2H-5, 3–4 18.94 0.55 2.95
2H-5, 5–6 18.96 0.49 3.16
2H-5, 7–8 18.98 0.43 3.15
2H-5, 9–10 19.00 0.43 3.14

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT1 (continued). 
2H-5, 11–12 19.02 0.34 2.98
2H-5, 13–14 19.04 0.10 3.02
2H-5, 15–16 19.06 0.20 3.22
2H-5, 17–18 19.08 0.21 3.13
2H-5, 19–20 19.10 0.46 3.16
2H-5, 21–22 19.12 2.65
2H-5, 23–24 19.14 0.50 3.20
2H-5, 25–26 19.16 0.32 2.87
2H-5, 27–28 19.18 0.38 3.15
2H-5, 29–30 19.20 0.41 3.21
2H-5, 31–32 19.22 0.47 3.19
2H-5, 33–34 19.24 0.29 3.15
2H-5, 35–36 19.26 0.46 3.00
2H-5, 37–38 19.28 0.25 3.20
2H-5, 39–40 19.30 2.82
2H-5, 41–42 19.32 3.00
2H-5, 43–44 19.34 2.79
2H-5, 45–46 19.36 2.84
2H-5, 47–48 19.38 2.57
2H-5, 49–50 19.40 2.96
2H-5, 51–52 19.42 0.47 3.12
2H-5, 53–54 19.44 3.15
2H-5, 55–56 19.46 2.86
2H-5, 57–58 19.48 0.37 3.08
2H-5, 59–60 19.50 0.54 3.23
2H-5, 61–62 19.52 2.82
2H-5, 63–64 19.54 0.51 3.22
2H-5, 65–66 19.56 0.56 3.12
2H-5, 67–68 19.58 2.83
2H-5, 69–70 19.60 0.55 3.08
2H-5, 71–72 19.62 0.62 3.13
2H-5, 73–74 19.64 2.78
2H-5, 75–76 19.66 3.00
2H-5, 77–78 19.68 3.15
2H-5, 79–80 19.70 2.91
2H-5, 81–82 19.72 2.76
2H-5, 83–84 19.74 2.51
2H-5, 85–86 19.76 0.38 3.28
2H-5, 87–88 19.78 0.45 3.32
2H-5, 89–90 19.80 0.31 3.34
2H-5, 91–92 19.82 0.44 3.32
2H-5, 93–94 19.84 2.92
2H-5, 95–96 19.86 0.55 3.00
2H-5, 97–98 19.88 0.38 2.80
2H-5, 99–100 19.90 2.57
2H-5, 101–102 19.92 0.40 3.23
2H-5, 103–104 19.94 2.78
2H-5, 105–106 19.96 0.42 3.05
2H-5, 107–108 19.98 2.48
2H-5, 109–110 20.00 2.99
2H-5, 111–112 20.02 2.84
2H-5, 113–114 20.04 0.52 3.11
2H-5, 115–116 20.06 2.67
2H-5, 117–118 20.08 0.59 3.02
2H-5, 119–120 20.10 2.67
2H-5, 121–122 20.12 0.63 3.16
2H-5, 123–124 20.14 2.64
2H-5, 125–126 20.16 0.34 3.29
2H-5, 127–128 20.18 2.80
2H-5, 129–130 20.20 0.41 3.18
2H-5, 131–132 20.22 0.42 3.21
2H-5, 133–134 20.24 0.40 3.34
2H-5, 135–136 20.26 0.53 3.17
2H-5, 137–138 20.28 0.55 3.19
2H-5, 139–140 20.30 2.95
2H-5, 141–142 20.32 3.01
2H-5, 143–144 20.34 0.36 3.23
2H-5, 145–146 20.36 0.43 3.09
2H-5, 147–148 20.38 0.41 3.37

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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2H-6, 0–1 20.42 0.41 3.14
2H-6, 2–3 20.44 0.44 3.33
2H-6, 4–5 20.46 0.40 3.22
2H-6, 6–7 20.48 0.47 3.13
2H-6, 8–9 20.50 0.54 2.76
2H-6, 10–11 20.52 0.68 2.97
2H-6, 12–13 20.54 0.48 3.29
2H-6, 14–15 20.56 0.44 3.28
2H-6, 16–17 20.58 0.48 2.79
2H-6, 18–19 20.60 0.60 3.04
2H-6, 20–21 20.62 0.43 3.08
2H-6, 22–23 20.64 0.43 3.20
2H-6, 24–25 20.66 0.52 2.97
2H-6, 26–27 20.68 0.40 2.84
2H-6, 28–29 20.70 0.40 3.12
2H-6, 30–31 20.72 0.44 3.07
2H-6, 32–33 20.74 0.68 2.91
2H-6, 34–35 20.76 0.47 3.38
2H-6, 36–37 20.78 0.67 3.11
2H-6, 38–39 20.80 0.59 3.04
2H-6, 40–41 20.82 0.53 3.14
2H-6, 42–43 20.84 0.50 2.90
2H-6, 44–45 20.86 0.57 3.06
2H-6, 46–47 20.88 0.46 3.06
2H-6, 48–49 20.90 0.49 3.23
2H-6, 50–51 20.92 0.58 3.11
2H-6, 52–53 20.94 0.52 3.09
3H-2, 65–66 25.80 0.48 3.15
3H-2, 67–68 25.82 0.48 3.08
3H-2, 69–70 25.84 0.60 3.22
3H-2, 71–72 25.86 0.51 3.26
3H-2, 73–74 25.88 0.44 3.63
3H-2, 75–76 25.90 0.43 3.17
3H-2, 77–78 25.92 0.43 3.06
3H-2, 79–80 25.94 0.55 3.22
3H-2, 81–82 25.96 0.42 3.06
3H-2, 83–84 25.98 0.63 2.92
3H-2, 85–86 26.00 0.52 3.33
3H-2, 87–88 26.02 0.50 3.33
3H-2, 89–90 26.04 0.37 3.29
3H-2, 91–92 26.06 0.59 3.32
3H-2, 93–94 26.08 0.48 3.12
3H-2, 95–96 26.10 0.48 3.04
3H-2, 97–98 26.12 0.49 3.20
3H-2, 99–100 26.14 0.58 3.01
3H-2, 101–102 26.16 0.35 3.22
3H-2, 103–104 26.18 0.39 2.81
3H-2, 105–106 26.20 0.45 3.39
3H-2, 107–108 26.22 0.44 3.40
3H-2, 109–110 26.24 0.45 3.23
3H-2, 111–112 26.26 0.28 3.36
3H-2, 113–114 26.28 0.50 3.03
3H-2, 115–116 26.30
3H-2, 117–118 26.32 0.49 3.22
3H-2, 119–120 26.34 0.50 3.14
3H-2, 121–122 26.36 0.50 3.01
3H-2, 123–124 26.38 0.55 3.12
3H-2, 125–126 26.40 0.57 3.10
3H-2, 127–128 26.42 0.29 3.36
3H-2, 129–130 26.44 0.54 3.21
3H-2, 131–132 26.46 0.51 3.02
3H-2, 133–134 26.48 0.46 3.15
3H-2, 135–136 26.50 0.30 3.43
3H-2, 137–138 26.52 0.64 3.15
3H-2, 139–140 26.54 0.44 3.30
3H-2, 141–142 26.56 0.50 3.16
3H-2, 143–144 26.58 0.52 3.25
3H-2, 145–146 26.60 0.45 3.12
3H-2, 147–148 26.62 0.57 3.12

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT1 (continued). 
3H-2, 149–150 26.64 0.47 3.26
3H-3, 0–1 26.66 0.53 3.34
3H-3, 2–3 26.68 0.42 3.49
3H-3, 4–5 26.70 0.57 3.14
3H-3, 6–7 26.72 0.54 3.36
3H-3, 8–9 26.74 0.55 3.15
3H-3, 10–11 26.76 0.47 3.11
3H-3, 12–13 26.78 0.48 2.97
3H-3, 14–15 26.80 0.33 3.35
3H-3, 16–17 26.82 0.37 3.61
3H-3, 18–19 26.84 0.47 3.16
3H-3, 20–21 26.86 0.46 3.01
3H-3, 22–23 26.88 0.39 3.04
3H-3, 24–25 26.90 0.61 3.00
3H-3, 26–27 26.92 0.43 3.31
3H-3, 28–29 26.94 0.60 3.31
3H-3, 36–37 27.02 0.49 3.02
3H-3, 38–39 27.04 0.44 3.04
3H-3, 40–41 27.06 0.31 3.15
3H-3, 42–43 27.08 0.52 3.07
3H-3, 44–45 27.10 0.43 3.33
3H-3, 46–47 27.12 0.44 3.21
3H-3, 48–49 27.14 0.64 3.32
3H-3, 50–51 27.16 0.41 3.58
3H-3, 52–53 27.18 0.59 3.31
3H-3, 54–55 27.20 0.48 2.86
3H-3, 56–57 27.22 0.44 3.20
3H-3, 58–59 27.24 0.29 3.21
3H-3, 60–61 27.26 0.47 3.26
3H-3, 62–63 27.28 0.53 3.26
3H-3, 64–65 27.30 0.17 3.38
3H-3, 66–67 27.32 0.69 3.24
3H-3, 68–69 27.34 0.57 3.33
3H-3, 70–71 27.36 0.49 3.06
3H-3, 72–73 27.38 0.62 3.03
3H-3, 74–75 27.40 0.74 3.11
3H-3, 76–77 27.42 0.65 2.98
3H-3, 78–79 27.44 0.29 3.43
3H-3, 80–81 27.46 0.38 3.36
3H-3, 82–83 27.48 0.63 3.11
3H-3, 84–85 27.50 0.46 3.03
3H-3, 86–87 27.52 0.58 3.33
3H-3, 88–89 27.54 0.44 3.05
3H-3, 90–91 27.56 0.48 3.38
3H-3, 92–93 27.58 0.47 3.30
3H-3, 94–95 27.60 0.42 3.30
3H-3, 96–97 27.62 0.38 3.35
3H-3, 98–99 27.64 0.26 3.44
3H-3, 100–101 27.66 0.45 3.36
3H-3, 102–103 27.68 0.39 3.33
3H-3, 104–105 27.70 0.63 3.33
3H-3, 106–107 27.72 0.62 3.23
3H-3, 108–109 27.74 0.52 3.23
3H-3, 110–111 27.76 0.62 3.14
3H-3, 112–113 27.78 0.54 3.24
3H-3, 114–115 27.80 0.48 3.06
3H-3, 116–117 27.82 0.24 3.25
3H-3, 118–119 27.84 0.68 3.36
3H-3, 120–121 27.86 0.54 3.35
3H-3, 122–123 27.88 0.54 3.20
3H-3, 124–125 27.90 0.31 3.13
3H-3, 126–127 27.92 0.58 3.12
3H-3, 128–129 27.94 0.52 2.87
3H-3, 130–131 27.96 0.41 3.30
3H-3, 132–133 27.98 0.59 3.19
3H-3, 134–135 28.00 0.41 3.17
3H-3, 136–137 28.02 0.49 3.21
3H-3, 138–139 28.04 0.58 3.09
3H-3, 140–141 28.06 0.47 3.07

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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3H-3, 142–143 28.08 0.47 3.36
3H-3, 144–145 28.10 0.45 3.34
3H-3, 146–147 28.12 0.41 3.26
3H-3, 148–149 28.14 0.64 3.19
3H-3, 150–151 28.16 0.49 3.06
3H-4, 1–2 28.18 0.53 3.30
3H-4, 3–4 28.20 0.61 3.13
3H-4, 5–6 28.22 0.66 3.25
3H-4, 7–8 28.24 0.51 3.36
3H-4, 9–10 28.26 0.53 3.18
3H-4, 11–12 28.28 0.49 3.36
3H-4, 13–14 28.30 0.67 3.12
3H-4, 15–16 28.32 0.67 3.36
3H-4, 17–18 28.34 0.59 3.44
3H-4, 19–20 28.36 0.50 3.27
3H-4, 21–22 28.38 0.55 3.21
3H-4, 23–24 28.40 0.41 3.27
3H-4, 25–26 28.42 0.44 3.07
3H-4, 27–28 28.44 0.52 3.22
3H-4, 29–30 28.46 0.59 3.25
3H-4, 31–32 28.48 0.37 3.15
3H-4, 33–34 28.50 0.44 3.32
3H-4, 35–36 28.52 0.35 3.23
3H-4, 37–38 28.54 0.45 3.21
3H-4, 39–40 28.56 0.35 3.52
3H-4, 41–42 28.58 0.40 3.34
3H-4, 43–44 28.60 0.44 3.40
3H-4, 45–46 28.62 0.37 3.35
3H-4, 47–48 28.64 0.32 3.44
3H-4, 49–50 28.66 0.53 3.37
3H-4, 51–52 28.68 0.56 3.12
3H-4, 53–54 28.70 0.52 3.18
3H-4, 55–56 28.72 0.56 3.16
3H-4, 57–58 28.74 0.32 3.12
3H-4, 59–60 28.76 0.60 3.08
3H-4, 61–62 28.78 0.53 3.17
3H-4, 63–64 28.80 0.54 2.99
3H-4, 65–66 28.82 0.48 3.14
3H-4, 67–68 28.84 0.48 3.11
3H-4, 69–70 28.86 0.57 3.04
3H-4, 71–72 28.88 0.45 3.03
3H-4, 73–75 28.90
3H-4, 75–76 28.92 0.62 3.33
3H-4, 77–78 28.94
3H-4, 79–80 28.96
3H-4, 81–82 28.98 0.19 2.99
3H-4, 83–84 29.00 0.35 3.26
3H-4, 85–86 29.02 0.25 3.67
3H-4, 87–88 29.04 0.26 3.51
3H-4, 89–90 29.06 0.27 3.26
3H-4, 91–92 29.08 0.28 3.60
3H-4, 93–94 29.10 0.45 2.87
3H-4, 95–96 29.12 0.42 3.66
3H-4, 97–98 29.14 0.56 3.13
3H-4, 99–100 29.16 0.50 3.06
3H-4, 101–102 29.18 0.51 3.11
3H-4, 103–104 29.20 0.27 3.13
3H-4, 105–106 29.22 0.46 2.99
3H-4, 107–108 29.24 0.51 3.09
3H-4, 109–110 29.26 0.32 3.32
3H-4, 111–112 29.28 0.40 3.35
3H-4, 113–114 29.30 0.46 3.05
3H-4, 115–116 29.32 0.49 2.85
3H-4, 117–118 29.34 0.52 3.34
3H-4, 119–120 29.36 0.44 3.23
3H-4, 121–122 29.38 0.49 3.28
3H-4, 123–124 29.40 0.36 2.62
3H-4, 125–126 29.42 0.36 2.81

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT1 (continued). 
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Appendix Table AT2. Benthic oxygen and carbon iso

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

202-1237C-
8H-3, 10–12 75.10 0.01 2.77 
8H-3, 15–17 75.15 0.02 2.77 
8H-3, 20–22 75.20 0.00 2.51 
8H-3, 25–27 75.25 0.13 2.62 
8H-3, 30–32 75.30 0.20 2.51 
8H-3, 35–37 75.35 –0.04 2.41 
8H-3, 40–42 75.40 0.19 2.58 
8H-3, 45–47 75.45 0.12 2.53 
8H-3, 50–52 75.50 0.02 2.46 
8H-3, 55–57 75.55 0.14 2.42 
8H-3, 60–62 75.60 0.18 2.48 
8H-3, 65–67 75.65 0.24 2.56 
8H-3, 70–72 75.70 0.05 2.74 
8H-3, 75–77 75.75 –0.03 2.53 
8H-3, 80–82 75.80 –0.04 2.66 
8H-3, 85–87 75.85 0.02 2.49 
8H-3, 90–92 75.90 –0.02 2.59 
8H-3, 95–97 75.95 –0.04 2.43 
8H-3, 100–102 76.00 –0.19 2.85 
8H-3, 105–107 76.05 0.05 2.66 
8H-3, 110–112 76.10 0.03 2.48 
8H-3, 115–117 76.15 0.10 2.63 
8H-3, 120–122 76.20 –0.02 2.80 
8H-3, 125–127 76.25 0.00 2.42 
8H-3, 130–132 76.30 0.04 2.77 
8H-3, 135–137 76.35 0.04 2.63 
8H-3, 140–142 76.40 –0.05 2.78 
8H-3, 145–147 76.45 0.13 2.46 
9H-1, 95–97 82.92 0.13 2.65 
9H-1, 100–102 82.97 0.28 2.73 
9H-1, 105–107 83.02 0.15 2.77 
9H-1, 110–112 83.07 0.38 2.75 
9H-1, 115–117 83.12 0.15 2.77 
9H-1, 120–122 83.17 0.08 2.65 
9H-1, 125–127 83.22 0.16 2.79 
9H-1, 130–132 83.27 0.00 2.67 
9H-1, 135–137 83.32 –0.03 2.72 
9H-1, 140–142 83.37 0.08 2.58 
9H-1, 145–147 83.42 0.12 2.76 
9H-2, 0–2 83.48 –0.19 2.77 
9H-2, 5–7 83.53 –0.30 2.87 
9H-2, 10–12 83.58 –0.18 2.82 
9H-2, 15–17 83.63 –0.04 2.96 
9H-2, 20–22 83.68 0.08 2.74 
9H-2, 25–27 83.73 0.08 2.75 
9H-2, 30–32 83.78 –0.01 2.64 
9H-2, 35–37 83.83 0.32 2.73 
9H-2, 40–42 83.88 –0.11 2.63 
9H-2, 45–47 83.93 0.18 2.70 
9H-2, 50–52 83.98 0.26 2.77 
9H-2, 55–57 84.03 0.06 2.82 
9H-2, 60–62 84.08 0.01 2.61 
9H-2, 65–67 84.13 –0.07 2.73 
9H-2, 70–72 84.18 0.16 2.75 
9H-2, 75–77 84.23 
9H-2, 80–82 84.28 0.06 2.77 
9H-2, 85–87 84.33 0.20 2.74 
9H-2, 90–92 84.38 –0.05 2.76 
9H-2, 95–97 84.43 –0.28 2.75 
9H-2, 100–102 84.48 –0.05 2.88 
9H-2, 105–107 84.53 0.19 3.06 
9H-2, 110–112 84.58 
9H-2, 115–117 84.63 –0.01 2.69 
9H-2, 120–122 84.68 0.02 2.80 
9H-2, 125–127 84.73 0.19 2.67 
9H-2, 130–132 84.78 0.18 2.83 
9H-2, 135–137 84.83 0.20 2.63 
ope data of Site 1237. (Continued on next five pages.) 

9H-2, 140–142 84.88 0.16 2.66 
9H-2, 145–147 84.93 0.18 2.80 
9H-3, 0–2 84.99 –0.05 2.69 
9H-3, 5–7 85.04 0.19 2.91 
9H-3, 10–12 85.09 0.24 2.94 
9H-3, 15–17 85.14 0.05 2.83 
9H-3, 20–22 85.19 –0.16 2.80 
9H-3, 25–27 85.24 0.10 2.79 
9H-3, 30–32 85.29 0.02 3.01 
9H-3, 35–37 85.34 –0.01 2.91 
9H-3, 40–42 85.39 –0.02 2.81 
9H-3, 45–47 85.44 –0.06 2.69 
9H-3, 60–62 85.59 –0.05 2.82 
9H-3, 65–67 85.64 0.06 2.78 
9H-3, 70–72 85.69 0.15 2.70 
9H-3, 75–77 85.74 0.15 2.79 
9H-3, 80–82 85.79 0.06 2.78 
9H-3, 85–87 85.84 –0.03 2.69 
9H-3, 90–92 85.89 0.12 2.67 
9H-3, 95–97 85.94 –0.05 2.66 
9H-3, 100–102 85.99 0.08 2.47 
9H-3, 105–107 86.04 0.09 2.67 
9H-3, 110–112 86.09 –0.03 2.84 
9H-3, 115–117 86.14 0.11 3.12 
9H-3, 120–122 86.19 0.00 3.11 
9H-3, 125–127 86.24 –0.78 3.23 
9H-3, 130–132 86.29 0.06 3.19 
9H-3, 135–137 86.34 0.12 3.05 
9H-3, 140–142 86.39 0.38 2.90 
9H-3, 145–147 86.44 0.19 2.80 
9H-4, 0–2 86.50 0.23 2.74 
9H-4, 5–7 86.55 0.19 2.70 
9H-4, 10–12 86.60 0.26 2.87 
9H-4, 15–17 86.65 0.33 2.81 
9H-4, 20–22 86.70 0.27 2.72 
9H-4, 25–27 86.75 0.21 2.92 
9H-4, 30–32 86.80 0.19 2.88 
9H-4, 35–37 86.85 0.13 2.89 
9H-4, 40–42 86.90 –0.18 2.78 
9H-4, 45–47 86.95 –0.03 3.05 
9H-4, 50–52 87.00 0.00 2.86 
9H-4, 55–57 87.05 0.17 2.86 
9H-4, 60–62 87.10 –0.16 3.12 
9H-4, 65–67 87.15 0.21 2.91 
9H-4, 70–72 87.20 0.15 2.87 
9H-4, 75–77 87.25 0.30 2.71 
9H-4, 80–82 87.30 0.11 2.84 
9H-4, 85–87 87.35 0.09 2.92 
9H-4, 90–92 87.40 0.34 2.84 
9H-4, 95–97 87.45 0.33 2.85 
9H-4, 100–102 87.50 0.35 2.81 
9H-4, 105–107 87.55 0.27 2.90 
9H-4, 110–112 87.60 0.27 2.82 
9H-4, 115–117 87.65 0.37 2.76 
9H-4, 120–122 87.70 0.16 3.03 
9H-4, 125–127 87.75 0.17 3.09 
9H-4, 130–132 87.80 0.12 3.15 
9H-4, 135–137 87.85 0.21 2.96 
9H-4, 140–142 87.90 0.31 2.99 
9H-4, 145–147 87.95 0.27 2.80 
9H-5, 0–2 88.01 0.20 2.88 
9H-5, 5–7 88.06 0.22 2.68 
9H-5, 10–12 88.11 0.16 2.86 
9H-5, 15–17 88.16 0.08 2.77 
9H-5, 20–22 88.21 0.08 2.75 
9H-5, 25–27 88.26 –0.04 3.01 
9H-5, 30–32 88.31 –0.10 2.99 
9H-5, 35–37 88.36 –0.15 3.06 

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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9H-5, 40–42 88.41 0.04 2.78 
9H-5, 45–47 88.46 
9H-5, 50–52 88.51 –0.35 3.11 
9H-5, 55–57 88.56 –0.25 3.02 
9H-5, 60–62 88.61 
9H-5, 65–67 88.66 0.18 2.37 
9H-5, 75–77 88.76 0.20 2.68 
9H-5, 80–82 88.81 0.14 2.88 
9H-5, 85–87 88.86 0.32 2.77 
9H-5, 90–92 88.91 0.15 2.77 
9H-5, 95–97 88.96 
9H-5, 100–102 89.01 0.03 2.65 
9H-5, 105–107 89.06 
9H-5, 110–112 89.11 –0.08 2.78 
9H-5, 115–117 89.16 0.14 2.88 
10H-3, 0–2 95.53 
10H-3, 5–7 95.58 
10H-3, 10–12 95.63 
10H-3, 15–17 95.68 –0.07 2.73 
10H-3, 20–22 95.73 –0.27 2.74 
10H-3, 25–27 95.78 –0.18 2.84 
10H-3, 30–32 95.83 0.06 2.71 
10H-3, 35–37 95.88 0.26 2.56 
10H-3, 40–42 95.93 0.40 2.62 
10H-3, 45–47 95.98 0.22 2.60 
10H-3, 50–52 96.03 0.22 2.55 
10H-3, 55–57 96.08 0.19 2.61 
10H-3, 60–62 96.13 0.21 2.57 
10H-3, 65–67 96.18 0.12 2.64 
10H-3, 70–72 96.23 
10H-3, 75–77 96.28 0.07 2.52 
10H-3, 80–82 96.33 0.14 2.57 
10H-3, 85–87 96.38 0.22 2.47 
10H-3, 90–92 96.43 0.21 2.65 
10H-3, 95–97 96.48 0.08 2.68 
10H-3, 100–102 96.53 0.33 2.70 
10H-3, 105–107 96.58 
10H-3, 110–112 96.63 0.03 2.79 
10H-3, 115–117 96.68 0.04 2.58 
10H-3, 120–122 96.73 0.11 2.80 
10H-3, 125–127 96.78 0.04 2.89 
10H-3, 130–132 96.83 0.08 2.67 
10H-3, 135–137 96.88 0.25 2.68 
10H-3, 140–142 96.93 0.35 2.64 
10H-3, 145–147 96.98 0.10 2.63 
10H-4, 0–2 97.04 0.21 2.64 
10H-4, 5–7 97.09 0.29 2.51 
10H-4, 10–12 97.14 0.29 2.72 
10H-4, 15–17 97.19 0.33 2.60 
10H-4, 20–22 97.24 0.15 2.45 
10H-4, 25–27 97.29 0.44 2.51 
10H-4, 30–32 97.34 0.28 2.59 
10H-4, 35–37 97.39 0.30 2.47 
10H-4, 40–42 97.44 0.09 2.39 
10H-4, 45–47 97.49 0.19 2.55 
10H-4, 50–52 97.54 0.10 2.49 
10H-4, 55–57 97.59 0.13 2.62 
10H-4, 60–62 97.64 0.24 2.60 
10H-4, 65–67 97.69 0.27 2.68 
10H-4, 70–72 97.74 0.12 2.55 
10H-4, 75–77 97.79 0.47 2.62 
10H-4, 80–82 97.84 0.49 2.61 
10H-4, 85–87 97.89 0.18 2.56 
10H-4, 90–92 97.94 0.22 2.61 
10H-4, 95–97 97.99 0.41 2.68 
10H-4, 100–102 98.04 0.39 2.56 
10H-4, 105–107 98.09 0.66 2.75 
10H-4, 110–112 98.14 0.60 2.56 

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT2 (continued). 
10H-4, 115–117 98.19 0.49 2.61 
10H-4, 120–122 98.24 0.30 2.70 
10H-4, 125–127 98.29 0.45 2.76 
10H-4, 130–132 98.34 0.57 2.64 
10H-4, 135–137 98.39 0.38 2.67 
10H-4, 140–142 98.44 0.19 2.45 
10H-4, 145–147 98.49 0.27 2.62 
10H-5, 0–2 98.55 0.26 2.51 
10H-5, 5–7 98.60 0.36 2.62 
10H-5, 10–12 98.65 0.19 2.57 
10H-5, 15–17 98.70 0.34 2.59 
10H-5, 20–22 98.75 0.03 2.47 
10H-5, 25–27 98.80 0.43 2.58 
10H-5, 30–32 98.85 0.30 2.58 
10H-5, 35–37 98.90 0.42 2.76 
10H-5, 40–42 98.95 0.02 2.52 
10H-5, 45–47 99.00 0.28 2.52 
10H-5, 50–52 99.05 0.34 2.66 
10H-5, 55–57 99.10 0.23 2.72 
10H-5, 60–62 99.15 0.36 2.66 
10H-5, 65–67 99.20 0.28 2.66 
10H-5, 70–72 99.25 0.07 2.58 
10H-5, 75–77 99.30 0.28 2.64 
10H-5, 80–82 99.35 0.11 2.62 
10H-5, 85–87 99.40 –0.04 2.57 
10H-5, 90–92 99.45 0.21 2.55 
10H-5, 128–130 99.85 –0.12 2.70 
10H-5, 135–137 99.90 0.07 2.78 
10H-5, 140–142 99.95 0.31 2.84 
10H-5, 145–147 100.00 0.38 2.87 
10H-6, 0–2 100.06 –0.07 2.83 
10H-6, 5–7 100.11 0.25 2.80 
10H-6, 10–12 100.16 0.15 2.84 
10H-6, 15–17 100.21 0.45 2.67 
10H-6, 20–22 100.26 0.36 2.66 
11H-3, 15–17 106.15 0.13 2.94 
11H-3, 20–22 106.20 0.16 2.86 
11H-3, 25–27 106.25 0.25 2.80 
11H-3, 30–32 106.30 0.29 2.74 
11H-3, 35–37 106.35 0.27 2.71 
11H-3, 40–42 106.40 0.26 2.77 
11H-3, 45–47 106.45 0.27 2.72 
11H-3, 50–52 106.50 0.29 2.88 
11H-3, 55–57 106.55 0.52 2.72 
11H-3, 60–62 106.60 0.24 2.72 
11H-3, 65–67 106.65 0.17 2.76 
11H-3, 70–72 106.70 0.38 2.63 
11H-3, 75–77 106.75 0.32 2.73 
11H-3, 80–82 106.80 0.39 2.65 
11H-3, 85–87 106.85 0.54 2.74 
11H-3, 90–92 106.90 
11H-3, 100–102 107.00 0.36 2.77 
11H-3, 105–107 107.05 0.42 2.72 
11H-3, 110–112 107.10 0.47 2.66 
11H-3, 115–117 107.15 0.45 2.69 
11H-3, 120–122 107.20 0.29 2.67 
11H-3, 125–127 107.25 0.35 2.80 
11H-3, 130–132 107.30 0.18 2.82 
11H-3, 135–137 107.35 0.19 2.76 
11H-3, 140–142 107.40 0.12 2.83 
11H-3, 145–147 107.45 0.47 2.72 
11H-4, 0–2 107.51 0.42 2.79 
11H-4, 5–7 107.56 0.29 2.71 
11H-4, 10–12 107.61 0.33 2.71 
11H-4, 15–17 107.66 0.48 2.79 
11H-4, 20–22 107.71 0.25 2.63 
11H-4, 25–27 107.76 0.25 2.63 
11H-4, 30–32 107.81 0.29 2.73 

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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11H-4, 35–37 107.86 
11H-4, 40–42 107.91 0.22 2.95 
11H-4, 45–47 107.96 0.39 2.89 
11H-4, 50–52 108.01 0.25 2.64 
11H-4, 55–57 108.06 0.25 2.78 
11H-4, 60–62 108.11 0.20 2.76 
11H-4, 65–67 108.16 0.37 2.72 
11H-4, 70–72 108.21 0.39 2.51 
11H-4, 75–77 108.26 0.38 2.88 
11H-4, 80–82 108.31 0.48 2.75 
11H-4, 85–87 108.36 0.50 2.74 
11H-4, 90–92 108.41 0.31 2.73 
11H-4, 95–97 108.46 0.55 2.66 
11H-4, 100–102 108.51 0.27 2.64 
11H-4, 105–107 108.56 0.31 2.58 
11H-4, 110–112 108.61 0.35 2.69 
11H-4, 115–117 108.66 0.23 2.70 
11H-4, 120–122 108.71 0.05 2.86 
11H-4, 125–127 108.76 0.15 3.08 
11H-4, 130–132 108.81 0.04 3.01 
11H-4, 135–137 108.86 –0.05 3.02 
11H-4, 140–142 108.91 0.07 2.95 
11H-4, 145–147 108.96 –0.06 3.10 
11H-5, 0–2 109.02 –0.37 3.29 
11H-5, 5–7 109.07 –0.05 3.00 
11H-5, 10–12 109.12 –0.45 3.21 
11H-5, 15–17 109.17 –0.21 3.16 
11H-5, 20–22 109.22 0.23 2.95 
11H-5, 25–27 109.27 0.28 2.83 
11H-5, 30–32 109.32 0.32 2.75 
11H-5, 35–37 109.37 0.28 2.77 
11H-5, 40–42 109.42 0.41 2.66 
11H-5, 45–47 109.47 0.09 2.68 
11H-5, 50–52 109.52 0.35 2.73 
11H-5, 55–57 109.57 0.28 2.69 
11H-5, 60–62 109.62 0.27 2.75 
11H-5, 65–67 109.67 0.46 2.85 
11H-5, 70–72 109.72 0.26 2.85 
11H-5, 75–77 109.77 0.30 2.82 
11H-5, 80–82 109.82 0.16 2.83 
11H-5, 85–87 109.87 0.05 2.73 
11H-5, 90–92 109.92 –0.10 2.80 
11H-5, 95–97 109.97 0.01 2.77 
11H-5, 100–102 110.02 –0.06 2.75 
11H-5, 105–107 110.07 –0.13 2.89 
11H-5, 110–112 110.12 –0.09 2.89 
11H-5, 115–117 110.17 –0.39 3.27 
11H-5, 120–122 110.22 –0.31 3.21 
11H-5, 125–127 110.27 –0.19 3.14 
11H-5, 130–132 110.32 –0.01 2.75 
11H-5, 135–137 110.37 0.07 2.90 
11H-5, 140–142 110.42 0.37 2.92 
11H-5, 145–147 110.47 0.16 2.63 

202-1237D-
5H-1, 60–62 76.08 –0.03 2.83 
5H-1, 65–67 76.13 –0.06 2.42 
5H-1, 70–72 76.18 –0.10 2.44 
5H-1, 75–77 76.23 0.05 2.66 
5H-1, 80–82 76.28 –0.12 2.60 
5H-1, 85–87 76.33 0.18 2.71 
5H-1, 90–92 76.38 0.03 2.67 
5H-1, 95–97 76.43 0.02 2.76 
5H-1, 100–102 76.48 –0.09 2.60 
5H-1, 105–107 76.53 –0.21 2.74 
5H-1, 110–112 76.58 –0.32 2.87 
5H-1, 115–117 76.63 –0.03 2.87 
5H-1, 120–122 76.68 0.14 2.67 
5H-1, 125–127 76.73 0.01 2.36 

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT2 (continued). 
5H-1, 130–132 76.78 –0.07 2.47 
5H-1, 135–137 76.83 0.06 2.41 
5H-1, 140–142 76.88 –0.07 2.55 
5H-1, 145–147 76.93 0.00 2.58 
5H-2, 0–2 76.98 0.00 2.69 
5H-2, 5–7 77.03 0.17 2.72 
5H-2, 10–12 77.08 0.17 2.55 
5H-2, 15–17 77.13 –0.12 2.63 
5H-2, 20–22 77.18 –0.12 2.62 
5H-2, 25–27 77.23 0.11 2.69 
5H-2, 30–32 77.28 –0.21 2.52 
5H-2, 35–37 77.33 –0.01 2.73 
5H-2, 40–42 77.38 –0.02 2.70 
5H-2, 45–47 77.43 0.16 2.64 
5H-2, 50–52 77.48 –0.06 2.52 
5H-2, 55–57 77.53 –0.21 2.42 
5H-2, 60–62 77.58 0.07 2.53 
5H-2, 65–67 77.63 
5H-2, 70–72 77.68 0.03 2.53 
5H-2, 75–77 77.73 –0.24 3.38 
5H-2, 80–82 77.78 –0.28 2.55 
5H-2, 85–87 77.83 –0.08 2.59 
5H-2, 90–92 77.88 –0.14 2.66 
5H-2, 95–97 77.93 0.01 2.64 
5H-2, 100–102 77.98 0.07 2.43 
5H-2, 105–107 78.03 –0.05 2.72 
5H-2, 110–112 78.08 0.18 2.66 
5H-2, 115–117 78.13 0.33 2.84 
5H-2, 120–122 78.18 –0.07 2.37 
5H-2, 125–127 78.23 0.05 2.59 
5H-2, 130–132 78.28 –0.22 2.70 
5H-2, 135–137 78.33 –0.24 2.71 
5H-2, 140–142 78.38 –0.03 2.70 
5H-2, 145–147 78.43 –0.10 2.76 
5H-3, 0–2 78.49 0.01 2.70 
5H-3, 5–7 78.54 –0.02 2.82 
5H-3, 10–12 78.59 –0.04 2.80 
5H-3, 15–17 78.64 0.32 2.84 
5H-3, 20–22 78.69 0.09 2.53 
5H-3, 25–27 78.74 0.20 2.66 
5H-3, 30–32 78.79 0.19 2.57 
5H-3, 35–37 78.84 –0.17 2.51 
5H-3, 40–42 78.89 0.26 2.71 
5H-3, 45–47 78.94 0.38 2.87 
5H-3, 50–52 78.99 0.19 2.71 
5H-3, 55–57 79.04 0.29 2.70 
5H-3, 60–62 79.09 0.00 2.72 
5H-3, 65–67 79.14 0.18 2.84 
5H-3, 70–72 79.19 –0.03 2.77 
5H-3, 75–77 79.24 0.16 2.73 
5H-3, 80–82 79.29 –0.09 2.72 
5H-3, 85–87 79.34 –0.02 2.77 
5H-3, 90–92 79.39 –0.25 2.68 
5H-3, 95–97 79.44 0.20 2.86 
5H-3, 100–102 79.49 0.17 2.80 
5H-3, 105–107 79.54 0.13 2.68 
5H-3, 110–112 79.59 0.32 2.67 
5H-3, 115–117 79.64 0.23 2.79 
5H-3, 120–122 79.69 
5H-3, 125–127 79.74 0.25 2.97 
5H-3, 130–132 79.79 0.28 2.72 
5H-3, 135–137 79.84 0.32 2.63 
5H-3, 140–142 79.89 0.19 2.75 
5H-3, 145–147 79.94 0.43 2.84 
5H-4, 0–2 80.00 0.15 2.72 
5H-4, 5–7 80.05 0.20 2.71 
5H-4, 10–12 80.10 –0.03 2.77 
5H-4, 15–17 80.15 0.03 3.00 

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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5H-4, 20–22 80.20 0.25 2.95 
5H-4, 25–27 80.25 0.12 2.92 
5H-4, 30–32 80.30 0.09 2.71 
5H-4, 35–37 80.35 –0.09 2.77 
5H-4, 40–42 80.40 0.12 2.65 
5H-4, 45–47 80.45 0.22 2.74 
5H-4, 50–52 80.50 0.20 2.53 
5H-4, 55–57 80.55 –0.06 2.65 
5H-4, 60–62 80.60 0.16 2.67 
5H-4, 65–67 80.65 0.04 2.75 
5H-4, 70–72 80.70 0.10 2.71 
5H-4, 75–77 80.75 0.17 2.71 
5H-4, 80–82 80.80 0.07 2.83 
5H-4, 85–87 80.85 0.28 2.79 
5H-4, 90–92 80.90 0.10 2.80 
5H-4, 95–97 80.95 0.27 2.85 
5H-4, 100–102 81.00 –0.07 2.55 
5H-4, 105–107 81.05 0.24 2.92 
5H-4, 110–112 81.10 0.18 2.71 
5H-4, 115–117 81.15 0.17 2.95 
5H-4, 120–122 81.20 0.33 2.85 
5H-4, 125–127 81.25 0.36 2.74 
5H-4, 130–132 81.30 0.29 2.67 
5H-4, 135–137 81.35 0.32 2.56 
5H-4, 140–142 81.40 0.29 2.80 
5H-4, 145–147 81.45 0.33 2.74 
5H-5, 0–2 81.50 0.09 2.62 
5H-5, 5–7 81.55 0.29 2.77 
5H-5, 10–12 81.60 0.32 2.53 
5H-5, 15–17 81.65 0.25 2.86 
5H-5, 20–22 81.70 0.11 2.75 
5H-5, 25–27 81.75 0.05 2.88 
5H-5, 30–32 81.80 0.09 2.84 
5H-5, 35–37 81.85 0.06 2.94 
5H-5, 40–42 81.90 0.05 2.71 
5H-5, 45–47 81.95 0.16 2.93 
5H-5, 50–52 82.00 0.11 2.86 
5H-5, 55–57 82.05 0.26 2.86 
5H-5, 60–62 82.10 0.10 2.61 
5H-5, 65–67 82.15 0.28 2.71 
5H-5, 70–72 82.20 0.20 2.70 
5H-5, 75–77 82.25 0.08 2.68 
5H-5, 80–82 82.30 0.12 2.83 
5H-5, 85–87 82.35 0.03 2.75 
5H-5, 90–92 82.40 0.20 2.76 
5H-5, 95–97 82.45 0.00 2.60 
5H-5, 100–102 82.50 –0.02 2.91 
5H-5, 105–107 82.55 –0.03 2.99 
5H-5, 110–112 82.60 0.06 2.77 
5H-5, 115–117 82.65 0.03 2.91 
5H-5, 120–122 82.70 0.23 2.95 
5H-5, 125–127 82.75 0.08 2.88 
5H-5, 130–132 82.80 0.31 2.83 
5H-5, 135–137 82.85 0.02 2.79 
5H-5, 140–142 82.90 0.09 2.73 
5H-5, 145–147 82.95 0.22 2.68 
6H-2, 25–27 89.13 –0.10 2.79 
6H-2, 30–32 89.18 –0.22 2.83 
6H-2, 35–37 89.23 –0.17 2.61 
6H-2, 40–42 89.28 
6H-2, 45–47 89.33 –0.47 3.13 
6H-2, 50–52 89.38 –0.43 3.59 
6H-2, 55–57 89.43 –0.45 2.99 
6H-2, 60–62 89.48 –0.34 3.11 
6H-2, 65–67 89.53 –0.21 3.12 
6H-2, 70–72 89.58 –0.08 2.97 
6H-2, 75–77 89.63 –0.18 3.13 
6H-2, 80–82 89.68 

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT2 (continued). 
6H-2, 85–87 89.73 –0.03 2.61 
6H-2, 90–92 89.78 –0.10 2.31 
6H-2, 95–97 89.83 0.05 2.20 
6H-2, 100–102 89.88 –0.03 2.67 
6H-2, 105–107 89.93 0.05 2.98 
6H-2, 110–112 89.98 0.08 2.82 
6H-2, 115–117 90.03 0.14 2.82 
6H-2, 120–122 90.08 
6H-2, 125–127 90.13 0.00 2.71 
6H-2, 130–132 90.18 0.00 2.86 
6H-2, 135–137 90.23 –0.09 2.95 
6H-2, 140–142 90.28 –0.13 2.67 
6H-2, 145–147 90.33 –0.35 2.80 
6H-3, 0–2 90.39 –0.20 2.84 
6H-3, 5–7 90.44 –0.26 2.83 
6H-3, 10–12 90.49 –0.21 2.71 
6H-3, 15–17 90.54 0.30 2.82 
6H-3, 20–22 90.59 –0.08 2.65 
6H-3, 25–27 90.64 0.09 2.74 
6H-3, 30–32 90.69 –0.09 2.79 
6H-3, 35–37 90.74 0.02 2.67 
6H-3, 40–42 90.79 –0.17 2.66 
6H-3, 45–47 90.84 
6H-3, 50–52 90.89 –0.22 2.59 
6H-3, 55–57 90.94 –0.11 2.61 
6H-3, 60–62 90.99 
6H-3, 65–67 91.04 –0.15 2.55 
6H-3, 70–72 91.09 –0.04 2.52 
6H-3, 75–77 91.14 –0.10 2.69 
6H-3, 80–82 91.19 –0.12 2.67 
6H-3, 85–87 91.24 0.02 2.70 
6H-3, 90–92 91.29 0.08 2.78 
6H-3, 95–97 91.34 –0.16 2.73 
6H-3, 100–102 91.39 –0.04 2.46 
6H-3, 105–107 91.44 0.15 2.40 
6H-3, 110–112 91.49 0.09 2.65 
6H-3, 115–117 91.54 0.01 2.61 
6H-3, 120–122 91.59 0.36 2.84 
6H-3, 125–127 91.64 0.20 2.85 
6H-3, 130–132 91.69 0.37 2.79 
6H-3, 135–137 91.74 –0.08 2.78 
6H-3, 140–142 91.79 –0.12 2.70 
6H-3, 145–147 91.84 0.03 2.51 
6H-4, 0–2 91.90 –0.08 2.79 
6H-4, 5–7 91.95 –0.01 2.72 
6H-4, 10–12 92.00 –0.37 2.51 
6H-4, 15–17 92.05 –0.18 2.69 
6H-4, 20–22 92.10 –0.08 2.52 
6H-4, 25–27 92.15 –0.28 2.74 
6H-4, 30–32 92.20 –0.22 2.90 
6H-4, 35–37 92.25 –0.36 3.00 
6H-4, 40–42 92.30 –0.28 3.13 
6H-4, 45–47 92.35 –0.09 2.77 
6H-4, 50–52 92.40 –0.06 2.74 
6H-4, 55–57 92.45 0.10 2.66 
6H-4, 60–62 92.50 –0.18 2.62 
6H-4, 65–67 92.55 –0.10 2.80 
6H-4, 70–72 92.60 0.06 2.30 
6H-4, 75–77 92.65 –0.03 2.66 
6H-4, 80–82 92.70 0.11 2.45 
6H-4, 85–87 92.75 0.10 2.65 
6H-4, 90–92 92.80 0.21 2.55 
6H-4, 95–97 92.85 0.14 2.24 
6H-4, 100–102 92.90 
6H-4, 105–107 92.95 0.05 2.52 
6H-4, 110–112 93.00 0.00 2.44 
6H-4, 115–117 93.05 0.04 2.45 
6H-4, 120–122 93.10 –0.15 2.41 

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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6H-4, 125–127 93.15 0.10 2.31 
6H-4, 130–132 93.20 –0.05 2.23 
6H-4, 135–137 93.25 –0.28 2.71 
6H-4, 140–142 93.30 –0.21 2.61 
6H-4, 145–147 93.35 –0.16 2.86 
6H-5, 0–2 93.41 –0.34 2.89 
6H-5, 5–7 93.46 –0.33 2.99 
6H-5, 10–12 93.51 –0.08 2.82 
6H-5, 15–17 93.56 0.16 2.72 
6H-5, 20–22 93.61 –0.09 2.65 
6H-5, 25–27 93.66 –0.03 2.65 
6H-5, 30–32 93.71 –0.02 2.26 
6H-5, 35–37 93.76 0.14 2.57 
6H-5, 40–42 93.81 –0.02 2.67 
6H-5, 45–47 93.86 0.25 2.91 
6H-5, 50–52 93.91 0.22 2.76 
6H-5, 55–57 93.96 0.25 2.70 
6H-5, 60–62 94.01 –0.02 2.66 
6H-5, 65–67 94.06 0.01 2.67 
6H-5, 70–72 94.11 –0.14 2.69 
6H-5, 75–77 94.16 –0.22 2.79 
6H-5, 80–82 94.21 –0.11 2.63 
6H-5, 85–87 94.26 
6H-5, 90–92 94.31 –0.17 2.98 
6H-5, 95–97 94.36 –0.10 2.81 
6H-5, 100–102 94.41 0.04 2.69 
6H-5, 105–107 94.46 0.18 2.73 
6H-5, 110–112 94.51 –0.13 2.69 
6H-5, 115–117 94.56 0.10 2.86 
6H-5, 120–122 94.61 0.26 2.89 
6H-5, 125–127 94.66 0.08 2.66 
6H-5, 130–132 94.71 0.07 2.66 
6H-5, 135–137 94.76 0.13 2.74 
6H-5, 140–142 94.81 –0.11 2.65 
6H-5, 145–147 94.86 0.10 2.85 
6H-6, 0–2 94.92 0.11 2.84 
6H-6, 5–7 94.97 0.11 2.57 
6H-6, 10–12 95.02 0.26 2.83 
6H-6, 15–17 95.07 0.00 2.55 
6H-6, 20–22 95.12 0.12 2.62 
6H-6, 25–27 95.17 –0.01 2.47 
6H-6, 30–32 95.22 0.25 2.78 
6H-6, 35–37 95.27 0.19 2.69 
6H-6, 40–42 95.32 0.26 2.89 
6H-6, 45–47 95.37 0.28 2.69 
6H-6, 50–52 95.42 0.10 2.81 
6H-6, 55–57 95.47 –0.24 2.59 
6H-6, 60–62 95.52 –0.02 2.71 
6H-6, 65–67 95.57 –0.13 2.44 
6H-6, 70–72 95.62 –0.23 2.52 
6H-6, 75–77 95.67 –0.03 2.73 
6H-6, 80–82 95.72 –0.29 2.65 
7H-2, 95–97 100.28 0.23 2.85 
7H-2, 100–102 100.33 0.31 2.68 
7H-2, 105–107 100.38 0.18 2.56 
7H-2, 110–112 100.43 0.22 2.66 
7H-2, 115–117 100.48 0.21 2.58 
7H-2, 120–122 100.53 0.54 2.75 
7H-2, 125–127 100.58 0.57 2.66 
7H-2, 130–132 100.63 0.65 2.82 
7H-2, 135–137 100.68 0.59 2.83 
7H-2, 140–142 100.73 0.34 2.72 
7H-2, 145–147 100.78 0.30 2.62 
7H-3, 0–2 100.84 0.29 2.76 
7H-3, 5–7 100.89 0.36 2.80 
7H-3, 10–12 100.94 0.31 2.78 
7H-3, 15–17 100.99 0.24 2.76 
7H-3, 20–22 101.04 0.23 2.68 

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT2 (continued). 
7H-3, 25–27 101.09 0.25 2.62 
7H-3, 30–32 101.14 0.59 2.82 
7H-3, 35–37 101.19 0.21 2.64 
7H-3, 40–42 101.24 0.31 2.57 
7H-3, 45–47 101.29 0.07 2.63 
7H-3, 50–52 101.34 0.19 2.64 
7H-3, 55–57 101.39 0.12 2.59 
7H-3, 60–62 101.44 0.16 2.53 
7H-3, 65–67 101.49 0.17 2.69 
7H-3, 70–72 101.54 0.04 2.56 
7H-3, 75–77 101.59 0.22 2.46 
7H-3, 80–82 101.64 –0.03 2.48 
7H-3, 85–87 101.69 0.28 2.70 
7H-3, 90–92 101.74 0.26 2.60 
7H-3, 95–97 101.79 0.10 2.99 
7H-3, 100–102 101.84 0.20 2.87 
7H-3, 105–107 101.89 0.20 2.69 
7H-3, 110–112 101.94 0.25 2.73 
7H-3, 115–117 101.99 0.09 2.71 
7H-3, 120–122 102.04 0.27 2.91 
7H-3, 125–127 102.09 0.28 2.78 
7H-3, 130–132 102.14 0.37 2.86 
7H-3, 135–137 102.19 0.20 2.64 
7H-3, 140–142 102.24 0.27 2.73 
7H-3, 145–147 102.29 0.27 2.51 
7H-4, 0–2 102.34 0.23 2.63 
7H-4, 5–7 102.39 0.32 2.54 
7H-4, 10–12 102.44 0.16 2.84 
7H-4, 15–17 102.49 0.15 2.56 
7H-4, 20–22 102.54 
7H-4, 25–27 102.59 0.36 2.78 
7H-4, 30–32 102.64 0.39 2.85 
7H-4, 35–37 102.69 0.46 2.84 
7H-4, 40–42 102.74 0.26 2.96 
7H-4, 45–47 102.79 0.23 2.74 
7H-4, 50–52 102.84 0.42 2.65 
7H-4, 55–57 102.89 0.44 2.54 
7H-4, 60–62 102.94 0.37 2.50 
7H-4, 65–67 102.99 0.33 2.57 
7H-4, 70–72 103.04 0.60 2.60 
7H-4, 75–77 103.09 0.54 2.73 
7H-4, 80–82 103.14 0.46 2.67 
7H-4, 85–87 103.19 0.58 2.66 
7H-4, 90–92 103.24 0.54 2.81 
7H-4, 95–97 103.29 0.42 2.66 
7H-4, 100–102 103.34 0.29 2.72 
7H-4, 105–107 103.39 0.55 2.90 
7H-4, 110–112 103.44 0.32 2.74 
7H-4, 115–117 103.49 0.31 2.72 
7H-4, 120–122 103.54 0.30 2.77 
7H-4, 125–127 103.59 
7H-4, 130–132 103.64 0.21 2.53 
7H-4, 135–137 103.69 0.21 2.70 
7H-4, 140–142 103.74 0.45 2.58 
7H-4, 145–147 103.79 0.10 2.64 
7H-5, 0–2 103.85 0.16 2.74 
7H-5, 5–7 103.90 0.35 2.61 
7H-5, 10–12 103.95 0.23 2.70 
7H-5, 15–17 104.00 0.18 2.67 
7H-5, 20–22 104.05 0.17 2.45 
7H-5, 25–27 104.10 0.27 2.43 
7H-5, 30–32 104.15 0.10 2.53 
7H-5, 35–37 104.20 0.21 2.62 
7H-5, 40–42 104.25 
7H-5, 45–47 104.30 0.30 2.84 
7H-5, 50–52 104.35 0.14 2.63 
7H-5, 55–57 104.40 –0.13 2.96 
7H-5, 60–62 104.45 –0.05 2.98 

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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7H-5, 65–67 104.50 –0.05 3.16 
7H-5, 70–72 104.55 –0.14 3.01 
7H-5, 75–77 104.60 –0.07 3.18 
7H-5, 80–82 104.65 –0.24 3.20 
7H-5, 85–87 104.70 0.20 2.77 
7H-5, 90–92 104.75 0.28 2.76 
7H-5, 95–97 104.80 –0.08 2.81 
7H-5, 100–102 104.85 0.26 2.94 
7H-5, 105–107 104.90 0.32 2.85 
7H-5, 110–112 104.95 0.08 2.68 
7H-5, 115–117 105.00 0.12 2.70 
7H-5, 120–122 105.05 0.21 2.85 
7H-5, 125–127 105.10 0.16 2.86 
7H-5, 130–132 105.15 
7H-5, 135–137 105.20 0.05 2.89 
7H-5, 140–142 105.25 0.00 2.77 
7H-5, 145–147 105.30 –0.10 2.94 
7H-6, 0–2 105.36 0.05 2.83 
7H-6, 5–7 105.41 
7H-6, 10–12 105.46 –0.06 2.92 
7H-6, 15–17 105.51 
7H-6, 20–22 105.56 –0.30 3.09 
7H-6, 25–27 105.61 0.14 2.79 
7H-6, 30–32 105.66 0.12 2.66 
7H-6, 35–37 105.71 0.09 2.73 
7H-6, 40–42 105.76 
7H-6, 45–47 105.81 0.24 2.64 
7H-6, 50–52 105.86 
7H-6, 55–57 105.91 0.28 2.71 
7H-6, 60–62 105.96 0.26 2.71 
7H-6, 65–67 106.01 0.29 2.71 
7H-6, 70–72 106.06 0.34 2.81 
7H-6, 75–77 106.11 –0.07 2.59 
7H-6, 80–82 106.16 0.23 2.81 
8H-3, 0–2 110.39 0.11 2.70 
8H-3, 5–7 110.44 0.06 2.74 
8H-3, 10–12 110.49 0.02 2.79 
8H-3, 15–17 110.54 0.05 2.78 
8H-3, 20–22 110.59 0.19 2.75 
8H-3, 25–27 110.64 0.18 2.65 
8H-3, 30–32 110.69 0.07 2.61 
8H-3, 35–37 110.74 0.15 2.88 
8H-3, 40–42 110.79 0.15 2.68 
8H-3, 45–47 110.84 –0.13 2.87 
8H-3, 50–52 110.89 0.08 2.71 
8H-3, 55–57 110.94 –0.26 2.64 
8H-3, 60–62 110.99 –0.34 2.78 

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)

Appendix Table AT2 (continued). 
8H-3, 65–67 111.04 –0.23 2.88 
8H-3, 70–72 111.09 –0.19 3.02 
8H-3, 75–77 111.14 
8H-3, 80–82 111.19 0.20 2.82 
8H-3, 85–87 111.24 
8H-3, 90–92 111.29 –0.07 2.74 
8H-3, 95–97 111.34 
8H-3, 100–102 111.39 0.23 2.61 
8H-3, 105–107 111.44 
8H-3, 110–112 111.49 0.37 2.82 
8H-3, 115–117 111.54 0.08 2.54 
8H-3, 120–122 111.59 0.12 2.65 
8H-3, 125–127 111.64 0.22 2.57 
8H-3, 130–132 111.69 0.21 2.82 
8H-3, 135–137 111.74 0.05 2.66 
8H-3, 140–142 111.79 –0.08 2.73 
8H-3, 145–147 111.84 
8H-4, 0–2 111.90 0.16 2.65 
8H-4, 5–7 111.95 0.18 2.65 
8H-4, 10–12 112.00 0.21 2.62 
8H-4, 15–17 112.05 0.13 2.62 
8H-4, 20–22 112.10 0.14 2.71 
8H-4, 25–27 112.15 –0.19 2.76 
8H-4, 30–32 112.20 0.04 2.60 
8H-4, 35–37 112.25 0.08 2.81 
8H-4, 40–42 112.30 0.22 2.60 
8H-4, 45–47 112.35 0.02 2.65 
8H-4, 50–52 112.40 
8H-4, 55–57 112.45 –0.03 2.64 
8H-4, 60–62 112.50 –0.03 2.66 
8H-4, 65–67 112.55 –0.06 2.45 
8H-4, 70–72 112.60 –0.07 2.62 
8H-4, 75–77 112.65 –0.17 2.61 
8H-4, 80–82 112.70 –0.35 2.84 
8H-4, 85–87 112.75 –0.32 3.03 
8H-4, 90–92 112.80 –0.24 2.53 
8H-4, 95–97 112.85 –0.25 2.50 
8H-4, 100–102 112.90 –0.05 2.76 
8H-4, 105–107 112.95 –0.19 2.66 
8H-4, 110–112 113.00 0.27 2.46 
8H-4, 115–117 113.05 
8H-4, 120–122 113.10 0.17 2.62 
8H-4, 125–127 113.15 0.17 2.56 
8H-4, 130–132 113.20 0.10 2.85 
8H-4, 135–137 113.25 0.00 2.60 
8H-4, 140–142 113.30 0.20 2.67 
8H-4, 145–147 113.35 –0.02 2.68 

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides mundulus

δ13C
(‰)

δ18O
(‰)
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Appendix Table AT3. Benthic oxygen and carbon iso

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

202-1239A-
16H-2, 2–4 150.73 –0.11 2.52
16H-2, 32–34 151.03 –0.24 2.57
16H-2, 62–64 151.33 –0.40 2.54
16H-2, 92–94 151.63 –0.33 2.78
16H-2, 122–124 151.93
16H-3, 2–4 152.25 –0.46 3.07
16H-3, 32–34 152.55 –0.50 3.08
16H-3, 62–64 152.85 –0.43 2.91
16H-3, 92–94 153.15 –0.72 3.02
16H-3, 122–124 153.45 –0.51 3.02
16H-4, 2–4 153.76 –0.76 3.07
16H-4, 32–34 154.06 –0.66 3.16
16H-4, 62–64 154.36 –0.82 3.31
16H-4, 92–94 154.66 –0.81 3.11
16H-4, 122–124 154.96
16H-5, 2–4 155.27 –0.52 3.28
16H-5, 32–34 155.57 –0.40 3.07
16H-5, 62–64 155.87 –0.51 3.05
16H-5, 92–94 156.17 –0.46 2.99
16H-5, 122–124 156.47 –0.43 2.99
16H-6, 2–4 156.79 –0.31 2.87
16H-6, 32–34 157.09 –0.34 2.75
17H-2, 2–4 160.48 –0.10 2.50
17H-2, 32–34 160.78 –0.21 2.09
17H-2, 62–64 161.08 –0.08 2.57
17H-2, 92–94 161.38 –0.20 2.66
17H-2, 122–124 161.68 –0.49 2.65
17H-3, 2–4 161.99 –0.49 2.96
17H-3, 32–34 162.29 –0.42 2.97
17H-3, 62–64 162.59 –0.43 3.12
17H-3, 92–94 162.89 –0.58 2.95
17H-3, 122–124 163.19 –0.39 2.92
17H-4, 2–4 163.51 –0.33 2.75
17H-4, 32–34 163.81 –0.19 2.53
17H-4, 62–64 164.11 0.01 2.53
17H-4, 92–94 164.41 0.02 2.49
17H-4, 122–124 164.71 –0.11 2.46
17H-5, 2–4 165.03 –0.25 2.56
17H-5, 32–34 165.33 –0.28 2.70
17H-5, 62–64 165.63 –0.27 2.70
17H-5, 92–94 165.93 –0.49 2.79
17H-5, 122–124 166.23 –0.34 2.97
18H-2, 62–64 172.53 –0.23 2.61
18H-2, 92–94 172.83 –0.38 2.76
18H-2, 122–124 173.13
18H-3, 2–4 173.44 –0.26 2.48
18H-3, 32–34 173.74 –0.15 2.34
18H-3, 62–64 174.04 –0.22 2.46
18H-3, 92–94 174.34 –0.26 2.51
18H-3, 122–124 174.64 –0.32 2.56
18H-4, 2–4 174.95 –0.38 2.50
18H-4, 32–34 175.25 –0.43 2.57
18H-4, 62–64 175.55 –0.18 2.54
18H-4, 92–94 175.85
18H-4, 122–124 176.15 –0.29 2.28
18H-5, 2–4 176.47 –0.36 2.41
18H-5, 32–34 176.77 –0.40 2.69
18H-5, 62–64 177.07 –0.39 2.51
18H-5, 92–94 177.37 –0.46 2.61
18H-5, 122–124 177.67 –0.60 2.72
19H-4, 2–4 183.77 –0.16 2.70
19H-4, 32–34 184.07 –0.19 2.53
19H-4, 62–64 184.37 –0.46 2.60
19H-4, 92–94 184.67 –0.32 2.59
19H-4, 122–124 184.97 –0.32 2.62
19H-5, 2–4 185.28 –0.25 2.67
19H-5, 32–34 185.58 –0.25 2.74
19H-5, 62–64 185.88 –0.51 2.68
tope data of Site 1239. (Continued on next five pages.)

19H-5, 92–94 186.18 –0.36 2.80
19H-5, 122–124 186.48 –0.36 2.64
19H-6, 2–4 186.80 –0.21 2.91
19H-6, 32–34 187.10 –0.22 2.34
19H-6, 62–64 187.40 –0.30 2.18
19H-6, 92–94 187.70 –0.17 2.51
19H-6, 122–124 188.00 –0.06 2.53
19H-7, 2–4 188.32 –0.51 2.37
19H-7, 32–34 188.62 –0.14 2.41
19H-7, 62–64 188.92 –0.42 2.35
20X-1, 2–4 189.58 –0.14 2.68
20X-1, 32–34 189.88
20X-1, 62–64 190.18 –0.03 2.51
20X-1, 92–94 190.48 –0.09 2.31
20X-1, 122–124 190.78 –0.18 2.57
20X-2, 2–4 191.09 –0.43 2.45
20X-2, 32–34 191.39 –0.33 2.41
20X-2, 62–64 191.69 –0.38 2.47
20X-2, 92–94 191.99 –0.43 2.36
20X-2, 122–124 192.29 –0.33 2.49
20X-3, 2–4 192.60 –0.36 2.39
20X-3, 32–34 192.90 –0.27 2.53
20X-3, 62–64 193.20 –0.27 2.42
20X-3, 92–94 193.50 –0.73 2.51
20X-3, 122–124 193.80 –0.49 2.67
20X-4, 2–4 194.10 –0.41 2.79
20X-4, 32–34 194.40 –0.40 2.76
20X-4, 62–64 194.70 –0.60 2.74
20X-4, 92–94 195.00 –0.55 2.48
20X-4, 122–124 195.30 –0.39 2.81
20X-5, 2–4 195.61 –0.57 1.62
20X-5, 32–34 195.91 –0.46 2.86
20X-5, 62–64 196.21
20X-5, 92–94 196.51 –0.46 2.13
20X-5, 122–124 196.81 –0.58 3.18
20X-6, 2–4 197.12 –0.30 2.95
20X-6, 32–34 197.42 –0.55 2.81
20X-6, 62–64 197.72 –0.50 3.08
20X-6, 92–94 198.02 –0.50 2.81
20X-6, 122–124 198.32 –0.41 2.86
20X-7, 2–4 198.64 –0.33 2.75
20X-7, 32–34 198.94 –0.56 2.58
21X-1, 2–4 195.24 –0.76 2.58
21X-1, 32–34 195.54 –0.55 2.53
21X-1, 62–64 195.84 –0.33 2.61
21X-1, 92–94 196.14 –0.56 2.53
21X-1, 122–124 196.44
21X-2, 2–4 196.76
21X-2, 32–34 197.06 –0.52 2.32
21X-2, 62–64 197.36 –0.47 2.47
21X-2, 92–94 197.66 –0.37 2.48
21X-2, 122–124 197.96 –0.57 2.26
21X-3, 2–4 198.27 –0.63 2.42
21X-3, 32–34 198.57 –0.48 2.36
21X-3, 62–64 198.87 –0.54 2.44
21X-3, 92–94 199.17 –0.55 2.54
21X-3, 122–124 199.47 –0.56 2.55
21X-4, 2–4 199.78 –0.65 2.29
21X-4, 32–34 200.08 –0.72 2.60
21X-4, 62–64 200.38 –0.61 2.33
21X-4, 92–94 200.68 –0.41 2.71
21X-4, 122–124 200.98 –0.58 2.51
21X-5, 2–4 201.30
21X-5, 32–34 201.60 –0.45 2.57
21X-5, 62–64 201.90 –0.67 2.57
21X-5, 92–94 202.20 –0.55 2.53
21X-5, 122–124 202.50 –0.52 2.51
21X-6, 2–4 202.81 –0.72 2.64
21X-6, 32–34 203.11

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)
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21X-6, 62–64 203.41 –0.50 2.76
21X-6, 92–94 203.71 –0.40 2.44
21X-7, 2–4 203.82 –0.62 1.83
21X-7, 32–34 204.12 –0.71 2.26
21X-7, 62–64 204.42 –0.84 2.37
22X-1, 2–4 205.80 –0.35 2.55
22X-1, 32–34 206.10 –0.38 2.52
22X-1, 62–64 206.40 –0.26 2.38
22X-1, 92–94 206.70 –0.02 2.41
22X-1, 122–124 207.00
22X-2, 2–4 207.31 –0.37 2.26
22X-2, 32–34 207.61 –0.15 2.35
22X-2, 62–64 207.91 –0.22 2.42
22X-2, 92–94 208.21 –0.29 2.37
22X-2, 122–124 208.51 –0.60 2.38
22X-3, 2–4 208.82 –0.41 2.61
22X-3, 32–34 209.12
22X-3, 62–64 209.42 –0.07 2.30
22X-3, 92–94 209.72
22X-3, 122–124 210.02 –0.42 2.67
22X-4, 2–4 210.33 –0.23 2.63
22X-4, 32–34 210.63 –0.34 2.61
22X-4, 66–68 210.97 –0.43 2.58
22X-4, 92–94 211.23 –0.40 2.52
22X-4, 122–124 211.53 –0.80 2.56
22X-5, 2–4 211.84 –0.30 2.78
22X-5, 32–34 212.14
22X-5, 62–64 212.44 –0.53 2.59
22X-5, 92–94 212.74 –0.64 2.29
22X-5, 122–124 213.04 –0.47 2.65
22X-6, 2–4 213.35 –0.44 2.78
22X-6, 32–34 213.65 –0.63 2.64
22X-6, 62–64 213.95 –0.64 2.83
22X-6, 92–94 214.25
22X-6, 122–124 214.55 –0.58 2.64
22X-7, 2–4 214.86 –0.58 2.73
22X-7, 32–34 215.16 –0.60 2.77
23X-1, 2–4 216.36 –0.11 2.16
23X-1, 32–34 216.66
23X-1, 62–64 216.96 –0.08 2.61
23X-1, 92–94 217.26 –0.32 1.69
23X-1, 122–124 217.56 –0.13 2.18
23X-2, 2–4 217.88 –0.17 2.51
23X-2, 32–34 218.18
23X-2, 62–64 218.48 –0.51 2.46
23X-2, 92–94 218.78 –0.37 2.41
23X-2, 122–124 219.08 –0.14 2.50
23X-3, 2–4 219.39 –0.16 2.45
23X-3, 32–34 219.69 –0.30 2.41
23X-3, 62–64 219.99 –0.42 1.19
23X-3, 92–94 220.29 –0.21 2.50
23X-3, 122–124 220.59 –0.11 2.38
23X-4, 2–4 220.90 0.09 2.60
23X-4, 32–34 221.20 –0.15 2.21
23X-4, 62–64 221.50 –0.26 2.34
23X-4, 92–94 221.80 –0.31 1.44
23X-4, 122–124 222.10 0.00 2.48
23X-5, 2–4 222.41 0.11 2.15
23X-5, 32–34 222.71 0.07 2.45
23X-5, 62–64 223.01 –0.03 2.39
23X-5, 92–94 223.31 –0.03 2.33
23X-5, 122–124 223.61 0.11 2.37
23X-6, 2–4 223.92 –0.03 2.26
23X-6, 32–34 224.22 0.14 2.57
23X-6, 62–64 224.52 0.08 2.39
23X-6, 92–94 224.82 –0.14 1.85
23X-6, 122–124 225.12 –0.06 2.40
23X-7, 2–4 225.24 –0.11 2.29
23X-7, 32–34 225.54 –0.20 2.46

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

Appendix Table AT3 (continued). 
24X-1, 2–4 226.92 0.32 2.30
24X-1, 32–34 227.22 –0.03 2.41
24X-1, 62–64 227.52 0.10 2.42
24X-1, 92–94 227.82 0.18 2.47
24X-1, 122–124 228.12 0.26 2.41
24X-2, 2–4 228.42 –0.11 2.33
24X-2, 32–34 228.72 –0.05 2.45
24X-2, 62–64 229.02
24X-2, 92–94 229.32 –0.28 2.33
24X-2, 122–124 229.62 –0.05 2.40
24X-3, 2–4 229.92 0.02 2.32
24X-3, 32–34 230.22 –0.14 2.40
24X-3, 62–64 230.52 –0.18 2.47
24X-3, 92–94 230.82 –0.19 2.22
24X-3, 122–124 231.12 –0.33 2.50
24X-4, 2–4 231.42 –0.11 2.65
24X-4, 32–34 231.72 –0.20 2.68
24X-4, 62–64 232.02 –0.28 2.77
24X-4, 92–94 232.32 –0.30 2.38
24X-4, 122–124 232.62 –0.11 2.59
24X-5, 2–4 232.92 –0.09 2.75
24X-5, 32–34 233.22 –0.12 2.55
24X-5, 62–64 233.52 –0.26 2.73
24X-5, 92–94 233.82 –0.14 2.58
24X-5, 122–124 234.12 –0.15 2.47
24X-6, 2–4 234.42 –0.30 2.48
24X-6, 32–34 234.72 –0.16 2.79
24X-6, 62–64 235.02 –0.22 2.63
24X-6, 92–94 235.32 –0.03 2.59
24X-6, 122–124 235.62 –0.40 2.60
25X-1, 2–4 237.08 –0.45 2.88
25X-1, 32–34 237.38 –0.54 2.68
25X-1, 62–64 237.68 –0.42 2.93
25X-1, 92–94 237.98 –0.48 2.80
25X-1, 122–124 238.28 –0.50 2.84
25X-2, 2–4 238.48 –0.30 2.76
25X-2, 32–34 238.78 –0.55 2.86
25X-2, 62–64 239.08 –0.38 2.71
25X-2, 92–94 239.38 –0.40 2.60
25X-2, 122–124 239.68 –0.45 2.61
25X-3, 2–4 239.98 –0.41 2.49
25X-3, 32–34 240.28 –0.34 2.25
25X-3, 62–64 240.58 –0.46 2.52
25X-3, 92–94 240.88 –0.40 2.46
25X-3, 122–124 241.18 –0.27 2.33
25X-4, 2–4 241.50 –0.35 2.35
25X-4, 32–34 241.80 –0.22 2.34
25X-4, 62–64 242.10 –0.21 2.42
25X-4, 92–94 242.40 –0.38 2.44
25X-4, 122–124 242.70 –0.50 2.27
25X-5, 2–4 243.00 –0.41 2.42
25X-5, 32–34 243.30 –0.14 2.39
25X-5, 62–64 243.60 –0.15 2.51
25X-5, 92–94 243.90 –0.35 2.43
25X-5, 122–124 244.20 –0.23 2.39
25X-6, 2–4 244.50 –0.17 2.50
25X-6, 32–34 244.80 –0.27 2.40
25X-6, 62–64 245.10 –0.30 2.34
25X-6, 92–94 245.40 –0.37 2.36
25X-6, 122–124 245.70 –0.21 2.41
25X-7, 2–4 246.01 –0.27 2.42
25X-7, 32–34 246.31 –0.33 2.06
26X-1, 2–4 247.54 –0.56 2.24
26X-1, 32–34 247.84 –0.45 2.48
26X-1, 62–64 248.14 –0.47 2.66
26X-1, 92–94 248.44 –0.43 2.43
26X-1, 122–124 248.74 –0.42 2.64
26X-2, 2–4 249.04 –0.44 2.55
26X-2, 32–34 249.34 –0.40 2.72

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)
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26X-2, 62–64 249.64 –0.41 2.34
26X-2, 92–94 249.94 –0.40 2.62
26X-2, 122–124 250.24 –0.54 2.62
26X-3, 2–4 250.55 –0.47 2.74
26X-3, 32–34 250.85 –0.44 2.62
26X-3, 62–64 251.15 –0.45 2.58
26X-3, 92–94 251.45 –0.51 2.54
26X-3, 122–124 251.75
26X-4, 2–4 252.05 –0.31 2.49
26X-4, 32–34 252.35 –0.42 2.45
26X-4, 62–64 252.65 –0.18 2.48
26X-4, 92–94 252.95
26X-4, 122–124 253.25 –0.34 2.39
26X-5, 2–4 253.56 –0.21 2.29
26X-5, 32–34 253.86 –0.16 2.30
26X-5, 62–64 254.16 –0.32 2.28
26X-5, 92–94 254.46 –0.41 2.25
26X-5, 122–124 254.76 –0.35 2.29
26X-6, 2–4 255.07 –0.21 2.33
26X-6, 32–34 255.37 –0.28 2.20
26X-6, 62–64 255.67 –0.20 2.34
26X-6, 92–94 255.97 –0.29 2.24
26X-6, 122–124 256.27 –0.26 2.20
26X-7, 2–4 256.58
26X-7, 32–34 256.88 –0.20 2.32
27X-1, 2–4 257.70 –0.58 2.08
27X-1, 32–34 258.00
27X-1, 62–64 258.30 –0.29 2.25
27X-1, 92–94 258.60
27X-1, 122–124 258.90
27X-2, 2–4 259.20
27X-2, 32–34 259.50 –0.12 2.26
27X-2, 62–64 259.80 –0.21 2.36
27X-2, 92–94 260.10 –0.02 2.26
27X-2, 122–124 260.40 0.03 2.32
27X-3, 2–4 260.71 –0.04 2.39
27X-3, 32–34 261.01 –0.11 2.31
27X-3, 62–64 261.31 –0.24 2.11
27X-3, 92–94 261.61 –0.28 2.15
27X-3, 122–124 261.91 –0.03 2.34
27X-4, 2–4 262.21 –0.30 2.43
27X-4, 32–34 262.51 –0.48 2.22
27X-4, 62–64 262.81 –0.53 2.42
27X-4, 92–94 263.11 –0.21 2.10
27X-4, 122–124 263.41 –0.52 2.26
27X-5, 2–4 263.71
27X-5, 32–34 264.01 –0.55 2.36
27X-5, 62–64 264.31 –0.10 2.47
27X-5, 92–94 264.61 –0.13 2.35
27X-5, 122–124 264.91 –0.29 2.28
27X-6, 2–4 265.22 –0.22 2.28
27X-6, 32–34 265.52
27X-6, 62–64 265.82 –0.23 2.10
27X-6, 92–94 266.12 0.01 2.29
27X-6, 122–124 266.42 0.05 2.18
27X-7, 2–4 266.72
27X-7, 32–34 267.02
28X-1, 2–4 268.16 –0.19 2.30
28X-1, 32–34 268.46 –0.31 2.14
28X-1, 62–64 268.76 –0.14 2.13
28X-1, 92–94 269.06 –0.30 2.22
28X-1, 122–124 269.36
28X-2, 2–4 269.66 –0.31 2.09
28X-2, 32–34 269.96 –0.28 2.19
28X-2, 62–64 270.26 –0.40 2.30
28X-2, 92–94 270.56 –0.31 2.32
28X-2, 122–124 270.86 –0.35 2.39
28X-3, 2–4 271.17 –0.33 2.54
28X-3, 32–34 271.47 –0.46 2.40

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

Appendix Table AT3 (continued). 
28X-3, 62–64 271.77 –0.19 2.60
28X-3, 92–94 272.07 –0.29 2.36
28X-3, 122–124 272.37
28X-4, 2–4 272.68 –0.44 2.41
28X-4, 32–34 272.98 –0.18 2.29
28X-4, 62–64 273.28 –0.48 2.05
28X-4, 92–94 273.58
28X-4, 122–124 273.88 –0.32 2.20
28X-5, 2–4 274.18 –0.07 2.43
28X-5, 32–34 274.48
28X-5, 62–64 274.78
28X-5, 92–94 275.08
28X-5, 122–124 275.38 –0.25 2.07
28X-6, 2–4 275.68 –0.04 1.93
28X-6, 32–34 275.98
28X-6, 62–64 276.28 –0.03 2.26
28X-6, 92–94 276.58 0.06 2.28
28X-7, 2–4 276.88 –0.12 2.24
28X-7, 32–34 277.18
28X-7, 62–64 277.48 –0.34 2.19
29X-1, 2–4 278.62 –0.07 2.43
29X-1, 32–34 278.92
29X-1, 62–64 279.22
29X-1, 92–94 279.52 0.02 2.37
29X-1, 122–124 279.82 –0.05 2.47
29X-2, 2–4 280.12 0.03 2.48
29X-2, 32–34 280.42 0.03 2.36
29X-2, 62–64 280.72 –0.02 2.22
29X-2, 92–94 281.02 –0.05 2.17
29X-2, 122–124 281.32 –0.10 2.23
29X-3, 2–4 281.62 0.04 2.26
29X-3, 32–34 281.92 0.06 2.27
29X-3, 62–64 282.22 0.13 2.15
29X-3, 92–94 282.52 0.08 2.25
29X-3, 122–124 282.82 0.17 2.28
29X-4, 2–4 283.14 –0.10 2.14
29X-4, 32–34 283.44 0.07 2.11
29X-4, 62–64 283.74 0.10 2.07
29X-4, 92–94 284.04 0.00 2.13
29X-4, 122–124 284.34 –0.12 2.14
29X-5, 2–4 284.64
29X-5, 32–34 284.94 –0.10 2.06
29X-5, 62–64 285.24 –0.16 2.24
29X-5, 92–94 285.54 –0.19 2.26
29X-5, 122–124 285.84 –0.11 2.35
29X-6, 2–4 286.15 –0.07 2.42
29X-6, 32–34 286.45 –0.15 2.46
29X-6, 62–64 286.75 –0.38 2.48
29X-6, 92–94 287.05 –0.34 2.55
29X-7, 2–4 287.15 –0.22 2.52
29X-7, 32–34 287.45 –0.09 2.36
29X-7, 62–64 287.75 –0.31 2.07
30X-1, 2–4 289.08 –0.20 2.43
30X-1, 22–24 289.28 0.07 2.20
30X-1, 42–44 289.48 0.09 2.07
30X-1, 62–64 289.68 –0.14 2.22
30X-1, 82–84 289.88 –0.03 2.28
30X-1, 102–104 290.08 –0.04 2.23
30X-1, 122–124 290.28 0.08 2.04
30X-1, 142–144 290.48 0.04 2.12
30X-2, 2–4 290.58 0.13 2.28
30X-2, 22–24 290.78 0.08 2.40
30X-2, 42–44 290.98 0.09 2.09
30X-2, 62–64 291.18 0.10 2.09
30X-2, 82–84 291.38 0.17 2.15
30X-2, 102–104 291.58 0.03 2.00
30X-2, 112–114 291.68 0.01 2.10
30X-2, 132–134 291.88 –0.01 1.95
30X-3, 2–4 292.08 0.09 2.25

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)
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30X-3, 22–24 292.28 0.18 2.18
30X-3, 42–44 292.48 0.15 2.34
30X-3, 62–64 292.68 0.17 2.20
30X-3, 82–84 292.88 0.10 2.18
30X-3, 102–104 293.08 –0.16 2.11
30X-3, 122–124 293.28 –0.40 2.28
30X-3, 142–144 293.48 –0.39 2.31
30X-4, 2–4 293.58 –0.39 2.46
30X-4, 22–24 293.78 –0.28 2.41
30X-4, 42–44 293.98 –0.35 2.56
30X-4, 62–64 294.18 –0.40 2.49
30X-4, 82–84 294.38 –0.32 2.41
30X-4, 102–104 294.58 –0.51 2.30
30X-4, 122–124 294.78 –0.16 2.30
30X-4, 142–144 294.98 –0.09 2.19
30X-5, 2–4 295.08 –0.17 2.15
30X-5, 22–24 295.28 –0.20 2.06
30X-5, 42–44 295.48 –0.25 2.06
30X-5, 62–64 295.68 –0.22 2.05
30X-5, 82–84 295.88 –0.03 1.91
30X-5, 102–104 296.08 –0.03 2.17
30X-5, 122–124 296.28 –0.12 2.35
30X-5, 142–144 296.48 –0.25 2.33
30X-6, 2–4 296.58 0.07 2.34
30X-6, 22–24 296.78 –0.08 2.28
30X-6, 42–44 296.98 0.10 2.21
30X-6, 62–64 297.18 –0.14 2.28
30X-6, 82–84 297.38 –0.06 2.15
30X-6, 102–104 297.58 0.00 2.17
30X-6, 122–124 297.78 –0.12 1.96
31X-1, 2–4 299.64 –0.05 2.13
31X-1, 22–24 299.84 –0.46 2.39
31X-1, 42–44 300.04 –0.40 2.28
31X-1, 62–64 300.24 –0.48 2.48
31X-1, 82–84 300.44 –0.26 2.29
31X-1, 102–104 300.64 –0.26 2.20
31X-1, 122–124 300.84 –0.14 2.06
31X-1, 142–144 301.04 –0.07 2.28
31X-2, 2–4 301.14 –0.13 2.09
31X-2, 22–24 301.34 –0.10 2.07
31X-2, 42–44 301.54 –0.04 2.11
31X-2, 62–64 301.74 –0.10 2.16
31X-2, 82–84 301.94 –0.10 2.16
31X-2, 102–104 302.14 –0.32 2.19
31X-2, 122–124 302.34 –0.25 2.23
31X-2, 142–144 302.54 –0.28 2.10
31X-3, 2–4 302.64 –0.30 2.15
31X-3, 22–24 302.84 –0.30 2.18
31X-3, 42–44 303.04 –0.37 2.14
31X-3, 62–64 303.24 –0.29 2.36
31X-3, 68–70 303.30
31X-3, 82–84 303.44 –0.10 2.09
31X-3, 102–104 303.64 –0.22 2.00
31X-3, 122–124 303.84 –0.19 2.00
31X-3, 142–144 304.04 –0.43 2.13
31X-4, 2–4 304.14 –0.57 2.09
31X-4, 22–24 304.34 –0.23 2.14
31X-4, 42–44 304.54 –0.29 2.11
31X-4, 62–64 304.74 –0.22 2.17
31X-4, 82–84 304.94 –0.31 2.12
31X-4, 102–104 305.14 –0.17 2.15
31X-4, 122–124 305.34 –0.12 2.14
31X-4, 142–144 305.54 –0.24 2.21
31X-5, 2–4 305.64 –0.21 2.26
31X-5, 22–24 305.84 –0.20 2.38
31X-5, 42–44 306.04 0.05 2.20
31X-5, 62–64 306.24 –0.09 2.22
31X-5, 82–84 306.44 –0.07 2.23
31X-5, 102–104 306.64 0.02 2.28

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

Appendix Table AT3 (continued). 
31X-5, 122–124 306.84 –0.03 2.17
31X-5, 142–144 307.04 0.02 2.27
31X-6, 2–4 307.15 –0.11 2.16
31X-6, 22–24 307.35 –0.14 2.28
31X-6, 42–44 307.55 –0.20 2.38
31X-6, 62–64 307.75 –0.11 2.86
31X-6, 82–84 307.95 –0.28 2.37
31X-6, 102–104 308.15 –0.40 2.38
31X-6, 122–124 308.35 –0.39 2.41
31X-6, 142–144 308.55 –0.37 2.51
31X-7, 2–4 308.66 –0.32 2.39
31X-7, 22–24 308.86 –0.29 2.37
31X-7, 42–44 309.06 –0.42 2.43
32X-1, 2–4 310.10 –0.10 2.05
32X-1, 22–24 310.30 –0.20 2.12
32X-1, 42–44 310.50 –0.13 2.05
32X-1, 62–64 310.70 –0.13 2.29
32X-1, 82–84 310.90 –0.11 2.26
32X-1, 102–104 311.10 –0.11 2.32
32X-1, 122–124 311.30 0.05 2.31
32X-1, 142–144 311.50 –0.12 2.22
32X-2, 2–4 311.60 –0.12 2.06
32X-2, 22–24 311.80 –0.23 2.24
32X-2, 42–44 312.00 –0.26 2.11
32X-2, 62–64 312.20 –0.20 2.14
32X-2, 82–84 312.40 –0.27 2.25
32X-2, 102–104 312.60 –0.32 2.32
32X-2, 122–124 312.80 –0.38 2.21
32X-2, 142–144 313.00 –0.40 2.39
32X-3, 2–4 313.12 –0.37 2.40
32X-3, 22–24 313.32 –0.41 2.35
32X-3, 42–44 313.52 –0.31 2.47
32X-3, 62–64 313.72 –0.25 2.40
32X-3, 82–84 313.92 –0.29 2.37
32X-3, 102–104 314.12 –0.39 2.34
32X-3, 122–124 314.32 –0.25 2.45
32X-3, 142–144 314.52 –0.18 2.42
32X-4, 2–4 314.62 –0.25 2.29
32X-4, 22–24 314.82 –0.17 2.48
32X-4, 42–44 315.02 –0.08 2.04
32X-4, 62–64 315.22 –0.06 2.14
32X-4, 82–84 315.42 –0.02 1.66
32X-4, 102–104 315.62 –0.02 2.15
32X-4, 122–124 315.82 –0.09 2.17
32X-4, 142–144 316.02 0.01 2.15
32X-5, 2–4 316.12 –0.13 1.87
32X-5, 22–24 316.32 –0.04 2.22
32X-5, 42–44 316.52 –0.10 2.17
32X-5, 62–64 316.72 –0.04 2.07
32X-5, 82–84 316.92 0.02 2.15
32X-5, 102–104 317.12 –0.03 2.20
32X-5, 122–124 317.32 –0.03 2.05
32X-5, 142–144 317.52 –0.16 2.21
32X-6, 2–4 317.62 –0.10 2.21
32X-6, 22–24 317.82 –0.05 2.20
32X-6, 42–44 318.02 –0.08 2.21
33X-1, 2–4 320.66 –0.28 2.06
33X-1, 22–24 320.86 –0.30 2.11
33X-1, 42–44 321.06 –0.24 2.19
33X-1, 62–64 321.26 –0.20 2.10
33X-1, 82–84 321.46 –0.20 2.10
33X-1, 102–104 321.66 –0.26 2.21
33X-1, 122–124 321.86 –0.10 2.25
33X-1, 142–144 322.06 –0.10 2.16
33X-2, 2–4 322.16 0.00 2.15
33X-2, 22–24 322.36 –0.13 2.07
33X-2, 42–44 322.56 –0.19 2.03
33X-2, 62–64 322.76 –0.14 2.11
33X-2, 82–84 322.96 –0.16 1.95

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)



R. TIEDEMANN ET AL.
TIMESCALES AND BENTHIC ISOTOPE STRATIGRAPHIES 59
33X-2, 102–104 323.16 –0.15 2.20
33X-2, 122–124 323.36 –0.08 2.21
33X-2, 142–144 323.56 –0.07 2.12
33X-3, 2–4 323.67 –0.15 2.08
33X-3, 22–24 323.87 –0.12 2.14
33X-3, 42–44 324.07 –0.17 2.21
33X-3, 62–64 324.27 –0.35 2.21
33X-3, 82–84 324.47 –0.21 2.18
33X-3, 102–104 324.67 –0.16 2.25
33X-3, 122–124 324.87 –0.08 2.36
33X-4, 2–4 325.16 –0.11 2.29
33X-4, 22–24 325.36 –0.11 2.12
33X-4, 42–44 325.56 –0.14 2.14
33X-4, 62–64 325.76 –0.21 2.10
33X-4, 82–84 325.96 –0.13 2.20
33X-4, 102–104 326.16 –0.08 2.11
33X-4, 122–124 326.36 –0.11 2.01
33X-4, 142–144 326.56 –0.08 2.10
33X-5, 2–4 326.66 –0.24 2.12
33X-5, 22–24 326.86 –0.12 2.08
33X-5, 42–44 327.06 –0.14 2.19
33X-5, 62–64 327.26 –0.23 2.06
33X-5, 82–84 327.46 –0.20 2.23
33X-5, 102–104 327.66 –0.21 2.19
33X-5, 122–124 327.86 –0.36 2.19
33X-5, 142–144 328.06 –0.36 2.29
33X-6, 2–4 328.17 –0.24 2.00
33X-6, 22–24 328.37 –0.37 1.99
33X-6, 42–44 328.57 –0.28 2.25
33X-6, 62–64 328.77 –0.42 2.19
33X-6, 82–84 328.97 –0.43 2.37
33X-6, 102–104 329.17 –0.34 2.00
33X-6, 122–124 329.37 –0.41 2.12
33X-6, 142–144 329.57 –0.47 2.06
33X-7, 2–4 329.68 –0.34 1.92
33X-7, 20–22 329.86 –0.43 2.11
33X-7, 42–44 330.08 –0.22 2.06
34X-1, 2–4 331.12
34X-1, 22–24 331.32 –0.36 1.92
34X-1, 42–44 331.52
34X-1, 62–64 331.72 –0.36 2.08
34X-1, 82–84 331.92 –0.44 2.16
34X-1, 102–104 332.12 –0.41 2.22
34X-1, 122–124 332.32 –0.36 2.29
34X-1, 142–144 332.52 –0.27 2.26
34X-2, 2–4 332.62 –0.21 2.18
34X-2, 22–24 332.82 –0.08 1.95
34X-2, 42–44 333.02 –0.20 2.14
34X-2, 62–64 333.22 –0.15 2.10
34X-2, 82–84 333.42 –0.22 2.13
34X-2, 102–104 333.62 –0.27 2.13
34X-2, 122–124 333.82 –0.01 2.30
34X-2, 142–144 334.02 –0.13 2.27
34X-3, 2–4 334.13 –0.25 2.06
34X-3, 22–24 334.33 –0.23 2.18
34X-3, 42–44 334.53 –0.29 2.11
34X-3, 62–64 334.73 –0.22 2.25
34X-3, 82–84 334.93 –0.46 2.03
34X-3, 102–104 335.13 –0.17 2.12
34X-3, 122–124 335.33 –0.20 2.07
34X-3, 142–144 335.53 –0.33 2.10
34X-4, 2–4 335.63
34X-4, 22–24 335.83
34X-4, 42–44 336.03 –0.27 2.10
34X-4, 62–64 336.23 –0.21 2.19
34X-4, 82–84 336.43 –0.24 2.02
34X-4, 102–104 336.63 –0.26 2.12
34X-4, 122–124 336.83 –0.27 2.05
34X-4, 142–144 337.03 –0.13 2.21

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)
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Appendix Table AT3 (continued). 
34X-5, 2–4 337.14 –0.24 1.96
34X-5, 22–24 337.34 –0.06 2.30
34X-5, 42–44 337.54 0.03 2.16
34X-5, 62–64 337.74 0.01 2.32
34X-5, 82–84 337.94 –0.07 2.10
34X-5, 102–104 338.14 –0.22 2.15
34X-5, 122–124 338.34
34X-5, 142–144 338.54 –0.03 2.08
34X-6, 2–4 338.64 –0.27 2.19
34X-6, 22–24 338.84 –0.21 2.34
34X-6, 42–44 339.04 –0.12 2.04
34X-6, 62–64 339.24 0.04 2.16
34X-6, 82–84 339.44 0.07 2.08
34X-6, 102–104 339.64
34X-6, 122–124 339.84 0.02 2.14
34X-6, 142–144 340.04 0.01 2.22
34X-7, 2–4 340.15 0.01 2.19
34X-7, 22–24 340.35 –0.10 2.16
34X-7, 42–44 340.55 –0.18 2.16
35X-1, 2–4 341.58
35X-1, 22–24 341.78 0.01 2.23
35X-1, 42–44 341.98 –0.18 1.98
35X-1, 62–64 342.18
35X-1, 82–84 342.38 –0.08 2.15
35X-1, 102–104 342.58 –0.23 2.19
35X-1, 122–124 342.78 –0.23 2.31
35X-1, 142–144 342.98 –0.25 2.21
35X-2, 2–4 343.09 –0.33 2.17
35X-2, 22–24 343.29 –0.31 2.31
35X-2, 42–44 343.49 –0.18 2.49
35X-2, 62–64 343.69 –0.25 2.26
35X-2, 82–84 343.89 –0.17 2.38
35X-2, 102–104 344.09 –0.27 2.13
35X-2, 122–124 344.29 –0.18 2.33
35X-2, 142–144 344.49
35X-3, 2–4 344.60 –0.10 2.26
35X-3, 22–24 344.80 –0.19 2.38
35X-3, 42–44 345.00 0.01 2.24
35X-3, 62–64 345.20
35X-3, 82–84 345.40 –0.16 2.15
35X-3, 102–104 345.60 –0.13 2.13
35X-3, 122–124 345.80 –0.17 2.15
35X-3, 142–144 346.00 –0.05 1.99
35X-4, 2–4 346.11 –0.20 2.08
35X-4, 22–24 346.31 –0.11 2.14
35X-4, 42–44 346.51 –0.18 1.95
35X-4, 62–64 346.71 –0.14 2.13
35X-4, 82–84 346.91 –0.16 2.15
35X-4, 102–104 347.11 –0.17 2.25
36X-1, 2–3 352.14 –0.21 2.20
36X-1, 22–23 352.34 –0.20 2.26
36X-1, 42–43 352.54 –0.21 2.26
36X-1, 62–63 352.74 –0.11 2.21
36X-1, 82–83 352.94 –0.30 2.07
36X-1, 102–103 353.14 –0.29 2.19
36X-1, 122–123 353.34 –0.32 2.36
36X-1, 142–143 353.54 –0.27 2.27
36X-2, 2–3 353.65 –0.36 2.29
36X-2, 22–23 353.85 –0.18 2.36
36X-2, 42–43 354.05 –0.24 2.12
36X-2, 62–63 354.25 –0.15 2.23
36X-2, 82–83 354.45 –0.09 2.18
36X-2, 102–103 354.65
36X-2, 122–123 354.85 –0.23 2.24
36X-2, 142–143 355.05 –0.21 1.98
36X-3, 2–4 355.16 –0.43 1.41
36X-3, 22–24 355.36
36X-3, 42–44 355.56 –0.30 2.17
36X-3, 62–64 355.76 –0.51 1.98

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)
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36X-3, 82–84 355.96 –0.49 2.12
36X-3, 102–104 356.16 –0.42 2.15
36X-3, 122–124 356.36 –0.45 2.25
36X-3, 142–144 356.56 –0.55 2.57
36X-4, 2–4 356.66 –0.42 2.53
36X-4, 22–24 356.86
36X-4, 42–44 357.06 –0.29 2.45
36X-4, 62–64 357.26 –0.28 2.46
36X-4, 82–84 357.46 –0.26 2.21
36X-4, 102–104 357.66 –0.19 2.08
36X-4, 122–124 357.86 –0.41 2.36
36X-4, 142–144 358.06 –0.29 2.23
36X-6, 2–4 359.69 –0.24 2.11
36X-6, 22–24 359.89
36X-6, 42–44 360.09 –0.28 2.09
36X-6, 62–64 360.29 –0.43 2.20
36X-6, 82–84 360.49
36X-6, 102–104 360.69
36X-6, 122–124 360.89 –0.43 2.17
36X-6, 142–144 361.09 –0.38 2.15
36X-7, 2–4 361.21 –0.38 2.39
36X-7, 22–24 361.41 –0.36 2.33
36X-7, 42–44 361.61 –0.33 2.29
37X-1, 2–4 362.60 –0.44 2.16
37X-1, 22–24 362.80 –0.30 2.32
37X-1, 42–44 363.00 –0.33 2.24
37X-1, 62–64 363.20 –0.28 2.29
37X-1, 82–84 363.40 –0.21 2.39
37X-1, 102–104 363.60
37X-1, 122–124 363.80 –0.21 2.35
37X-1, 142–144 364.00 –0.25 2.39
37X-2, 2–4 364.12 –0.14 2.26
37X-2, 22–24 364.32 –0.22 2.20
37X-2, 42–44 364.52 –0.09 1.97
37X-2, 62–64 364.72 –0.21 2.09
37X-2, 82–84 364.92 –0.17 2.20
37X-2, 102–104 365.12 –0.36 2.18
37X-2, 122–124 365.32 –0.29 2.07
37X-2, 142–144 365.52 –0.29 2.26
37X-3, 2–4 365.62 –0.35 2.32
37X-3, 22–24 365.82 –0.28 2.49
37X-3, 42–44 366.02 –0.26 2.48
37X-3, 62–64 366.22 –0.20 2.41
37X-3, 82–84 366.42 –0.10 2.36
37X-3, 102–104 366.62 –0.10 2.36
37X-3, 122–124 366.82 –0.20 1.93
37X-3, 142–144 367.02 0.04 2.21
37X-4, 2–4 367.13 –0.07 2.18
37X-4, 22–24 367.33
37X-4, 42–44 367.53
37X-4, 62–64 367.73 –0.02 2.23
37X-4, 82–84 367.93 –0.15 2.11
37X-4, 102–104 368.13 –0.22 2.18
37X-4, 122–124 368.33 –0.21 2.26
37X-4, 142–144 368.53 –0.17 2.09
37X-5, 2–4 368.63 –0.21 2.19
37X-5, 22–24 368.83 –0.31 2.18
37X-5, 42–44 369.03
37X-5, 62–64 369.23 –0.44 2.35
37X-5, 82–84 369.43
37X-5, 102–104 369.63 –0.41 2.62
37X-5, 122–124 369.83
37X-5, 142–144 370.03 –0.07 2.43
37X-6, 2–4 370.13 –0.02 2.34
37X-6, 22–24 370.33 0.09 2.35
37X-6, 42–44 370.53
37X-6, 62–64 370.73 –0.12 2.29
37X-6, 82–84 370.93 –0.03 2.60
37X-6, 102–104 371.13 –0.07 2.44
37X-6, 122–124 371.33 –0.08 2.38

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

Appendix Table AT3 (continued). 
37X-6, 142–144 371.53 –0.19 2.46
37X-7, 2–4 371.64 –0.08 2.67
37X-7, 22–24 371.84 0.07 2.17
37X-7, 42–44 372.04
38X-1, 2–4 373.06 –0.20 2.07
38X-1, 22–24 373.26 –0.42 2.26
38X-1, 42–44 373.46 –0.15 2.54
38X-1, 62–64 373.66 –0.10 2.15
38X-1, 82–84 373.86 –0.10 2.21
38X-1, 102–104 374.06 –0.29 2.37
38X-1, 122–124 374.26 –0.23 2.48
38X-1, 142–144 374.46 –0.41 2.56
38X-2, 2–4 374.57
38X-2, 22–24 374.77
38X-2, 42–44 374.97 –0.30 2.85
38X-2, 62–64 375.17
38X-2, 82–84 375.37 –0.03 2.28
38X-2, 102–104 375.57 0.00 2.22
38X-2, 122–124 375.77 0.02 2.43
38X-2, 142–144 375.97 0.04 2.23
38X-3, 2–4 376.08 –0.17 2.32
38X-3, 22–24 376.28 –0.23 2.36
38X-3, 42–44 376.48 –0.19 2.30
38X-3, 62–64 376.68 –0.23 2.39
38X-3, 82–84 376.88
38X-3, 102–104 377.08 –0.35 2.29
38X-3, 122–124 377.28 –0.33 2.25
38X-3, 142–144 377.48 –0.37 2.40
38X-4, 2–4 377.57 –0.38 2.33
38X-4, 22–24 377.77 –0.46 2.55
38X-4, 42–44 377.97 –0.53 2.57
38X-4, 62–64 378.17
38X-4, 82–84 378.37 –0.60 2.68
38X-4, 102–104 378.57 –0.51 2.22
38X-4, 122–124 378.77 –0.57 2.50
38X-4, 142–144 378.97 –0.57 2.33
38X-5, 2–4 379.07 –0.56 2.39
38X-5, 22–24 379.27
38X-5, 42–44 379.47
38X-5, 62–64 379.67 –0.25 2.50
38X-5, 82–84 379.87 –0.17 2.06
38X-5, 102–104 380.07 –0.21 2.54
38X-5, 122–124 380.27 –0.20 2.31
38X-5, 142–144 380.47 –0.13 2.17
38X-6, 2–4 380.58 –0.10 2.26
38X-6, 22–24 380.78 –0.21 2.17
38X-6, 42–44 380.98 –0.20 2.46
38X-6, 62–64 381.18 –0.12 2.20
38X-6, 82–84 381.38 –0.16 2.23
38X-6, 102–104 381.58 –0.24 2.21
38X-6, 122–124 381.78 –0.23 2.08
38X-6, 142–144 381.98 –0.34 2.35
38X-7, 2–4 382.09 –0.18 2.35
38X-7, 22–24 382.29 –0.40 2.27
38X-7, 42–44 382.49 –0.48 2.24
39X-1, 2–4 383.52 –0.32 2.14
39X-1, 22–24 383.72 –0.69 2.00
39X-1, 42–44 383.92 –0.33 2.20
39X-1, 62–64 384.12 –0.36 2.17
39X-1, 82–84 384.32 –0.35 2.29
39X-1, 102–104 384.52 –0.33 2.25
39X-1, 122–124 384.72 –0.37 2.40
39X-1, 142–144 384.92 –0.38 2.33
39X-2, 2–4 385.03 –0.46 2.55
39X-2, 22–24 385.23 –0.53 2.57
39X-2, 42–44 385.43 –0.60 2.68
39X-2, 62–64 385.63 –0.51 2.22
39X-2, 82–84 385.83 –0.57 2.50
39X-2, 102–104 386.03 –0.57 2.33
39X-2, 122–124 386.23 –0.56 2.39

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)
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Appendix Table AT4. Benthic oxygen and carbon isot

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

202-1241A-
7H-3, 10–12 61.55 –0.01 3.08
7H-3, 20–22 61.65 –0.16 3.03
7H-3, 30–32 61.75 –0.04 3.08
7H-3, 40–42 61.85 –0.06 3.04
7H-3, 50–52 61.95 –0.09 2.79
7H-3, 60–62 62.05 –0.02 2.80
7H-3, 70–72 62.15 –0.22 2.82
7H-3, 80–82 62.25 –0.11 2.84
7H-3, 90–92 62.35 –0.20 2.60
7H-3, 100–102 62.45 –0.39 2.86
7H-3, 110–112 62.55 –0.41 3.23
7H-3, 120–122 62.65 –0.50 3.05
7H-3, 130–132 62.75 –0.40 3.15
7H-3, 140–142 62.85 –0.19 3.22
7H-4, 0–2 62.94 0.01 2.87
7H-4, 10–12 63.04 –0.01 2.95
7H-4, 20–22 63.14 –0.06 3.05
7H-4, 30–32 63.24 –0.04 2.80
7H-4, 40–42 63.34 –0.10 2.92
7H-4, 50–52 63.44 –0.19 3.17
7H-4, 60–62 63.54 –0.15 2.98
7H-4, 70–72 63.64 –0.19 2.86
7H-4, 80–82 63.74 –0.21 3.30
7H-4, 90–92 63.84 –0.20 3.07
7H-4, 100–102 63.94 –0.29 3.52
7H-4, 110–112 64.04 –0.42 3.52
7H-4, 120–122 64.14 0.13 2.57
7H-4, 130–132 64.24 0.11 2.61
7H-4, 140–142 64.34 0.02 2.85
7H-5, 0–2 64.45 –0.14 2.93
7H-5, 10–12 64.55 0.02 2.98
7H-5, 20–22 64.65 –0.26
7H-5, 30–32 64.75 –0.24 3.23
7H-5, 40–42 64.85 –0.48 3.40
7H-5, 50–52 64.95 –0.31 3.33
7H-5, 60–62 65.05 –0.26 3.39
7H-5, 70–72 65.15 –0.24 3.16
7H-5, 80–82 65.25 –0.06 3.40
7H-5, 90–92 65.35 –0.24 3.19
7H-5, 100–102 65.45 –0.38 3.03
7H-5, 110–112 65.55 –0.51 3.13
7H-5, 120–122 65.65 –0.51 3.35
7H-5, 130–132 65.75 –0.44
7H-5, 140–142 65.85 –0.40 3.37
7H-6, 0–2 65.96 –0.34 3.24
7H-6, 10–12 66.06 –0.12 3.20
7H-6, 20–22 66.16 –0.11 3.18
7H-6, 30–32 66.26 0.02 3.20
7H-6, 40–42 66.36 –0.09 2.97
9H-3, 50–52 83.55 –0.62 2.81
9H-3, 60–62 83.65 –0.48 2.89
9H-3, 70–72 83.75 –0.64 2.93
9H-3, 80–82 83.85 –0.44 2.93
9H-3, 90–92 83.95 –0.32 2.48
9H-3, 100–102 84.05 –0.47 2.77
9H-3, 110–112 84.15 –0.17 2.86
9H-3, 120–122 84.25 –0.14 2.42
9H-3, 130–132 84.35 –0.26 2.57
9H-3, 140–142 84.45 –0.25 2.53
9H-4, 0–2 84.55 –0.19
9H-4, 10–12 84.65 –0.27 2.53
9H-4, 20–22 84.75 –0.36 2.56
9H-4, 30–32 84.85 –0.22 2.76
9H-4, 40–42 84.95 –0.29 2.68
9H-4, 50–52 85.05 –0.32 2.57
9H-4, 60–62 85.15 –0.30 2.83
9H-4, 70–72 85.25 –0.40 2.89
9H-4, 80–82 85.35 –0.37 2.70
ope data of Site 1241. (Continued on next eight pages.)

9H-4, 90–92 85.45 –0.18 2.75
9H-4, 100–102 85.55 –0.35 2.54
9H-4, 110–112 85.65 –0.20 2.66
9H-4, 120–122 85.75 –0.28 2.77
9H-4, 130–132 85.85 –0.14 2.64
9H-4, 140–142 85.95 –0.35 2.95
9H-5, 0–2 86.05 –0.41 2.74
9H-5, 10–12 86.15 –0.35 2.77
9H-5, 20–22 86.25 –0.31 2.74
9H-5, 30–32 86.35 –0.30 2.86
9H-5, 40–42 86.45 –0.16 2.82
9H-5, 50–52 86.55 –0.41 2.47
9H-5, 60–62 86.65 –0.17 2.60
9H-5, 70–72 86.75 –0.23 2.52
9H-5, 80–82 86.85 –0.14 2.40
9H-5, 90–92 86.95 –0.17 2.52
9H-5, 100–102 87.05 –0.33 2.53
9H-5, 110–112 87.15 –0.33 2.51
9H-5, 120–122 87.25 –0.30 2.43
9H-5, 130–132 87.35 –0.34 2.76
9H-5, 140–142 87.45 –0.18 2.48
9H-6, 0–2 87.56 –0.15 2.38
9H-6, 10–12 87.66 –0.37 2.34
9H-6, 20–22 87.76 –0.37 2.35
9H-6, 30–32 87.86 –0.31 2.33
9H-6, 40–42 87.96 –0.56 2.49
9H-6, 50–52 88.06 –0.38 2.65
9H-6, 60–62 88.16 –0.19 2.27
9H-6, 70–72 88.26 –0.58 2.15
9H-6, 80–82 88.36 –0.15 2.28
9H-6, 90–92 88.46 –0.18 2.38
9H-6, 100–102 88.56 –0.32 2.29
9H-6, 110–112 88.66 –0.20 2.30
9H-6, 120–122 88.76 –0.10 2.36
9H-6, 130–132 88.86 –0.13 2.59
9H-6, 140–142 88.96 –0.28 2.42
9H-7, 0–2 89.07 0.03 2.68
9H-7, 10–12 89.17 –0.20 2.24
10H-2, 10–12 92.22 –0.07 2.50
10H-2, 20–22 92.32 –0.09 2.37
10H-2, 30–32 92.42 –0.12 2.37
10H-2, 40–42 92.52 –0.04 2.34
10H-2, 50–52 92.62 0.04 2.65
10H-2, 60–62 92.72 –0.01 2.39
10H-2, 70–72 92.82 0.05 2.29
10H-2, 80–82 92.92 –0.02 2.27
10H-2, 90–92 93.02 0.05 2.37
10H-2, 100–102 93.12 0.08 2.45
10H-2, 110–112 93.22 –0.02 2.62
10H-2, 120–122 93.32 –0.16 2.41
10H-2, 130–132 93.42 –0.37 2.49
10H-2, 140–142 93.52 –0.20 2.42
10H-3, 0–2 93.62 2.28
10H-3, 10–12 93.72 –0.08 2.24
10H-3, 20–22 93.82 0.11 2.10
10H-3, 30–32 93.92 0.08 2.39
10H-3, 40–42 94.02 0.05 2.38
10H-3, 50–52 94.12 0.08 2.14
10H-3, 60–62 94.22 –0.05 2.27
10H-3, 70–72 94.32 –0.19 2.23
10H-3, 80–82 94.42 –0.13 2.46
10H-3, 90–92 94.52 –0.16 2.44
10H-3, 100–102 94.62 –0.20 2.66
10H-3, 110–112 94.72 –0.28 2.72
10H-3, 120–122 94.82 –0.33 2.81
10H-3, 130–132 94.92 –0.36 2.70
10H-3, 140–142 95.02 –0.14 2.72
10H-4, 0–2 95.12 –0.10 2.46
10H-4, 10–12 95.22 –0.03 2.34

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)
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10H-4, 20–22 95.32 0.15 2.25
10H-4, 30–32 95.42 –0.11 2.10
10H-4, 40–42 95.52 –0.11 2.39
10H-4, 50–52 95.62 –0.07 2.28
10H-4, 60–62 95.72 –0.18 2.31
10H-4, 70–72 95.82 –0.33 2.51
10H-4, 80–82 95.92 –0.35 2.55
10H-4, 90–92 96.02 –0.44 2.38
10H-4, 100–102 96.12 –0.27 2.62
10H-4, 110–112 96.22 –0.41 2.19
10H-4, 120–122 96.32 –0.16 2.57
10H-4, 130–132 96.42 –0.25 2.57
10H-4, 140–142 96.52 0.04 2.34
10H-5, 0–2 96.62 0.11 2.31
10H-5, 10–12 96.72 –0.02 2.18
10H-5, 20–22 96.82 0.11 2.14
10H-5, 30–32 96.92 0.18 2.30
10H-5, 40–42 97.02 0.14 2.31
10H-5, 50–52 97.12 –0.17 2.24
10H-5, 60–62 97.22 –0.11 2.39
10H-5, 70–72 97.32 –0.27 2.48
10H-5, 80–82 97.42 –0.48 2.32
10H-5, 90–92 97.52 –0.14 2.51
10H-5, 100–102 97.62 –0.31 2.76
10H-5, 110–112 97.72 –0.26 2.66
10H-5, 120–122 97.82 –0.18 2.28
10H-5, 130–132 97.92 –0.31 2.33
10H-5, 140–142 98.02 –0.16 2.15
10H-6, 0–2 98.12 –0.19 2.33
10H-6, 10–12 98.22 –0.14 2.26
10H-6, 20–22 98.32 0.07 2.35
10H-6, 30–32 98.42 0.04 2.40
10H-6, 40–42 98.52 0.10 2.23
10H-6, 50–52 98.62 0.08 2.42
10H-6, 60–62 98.72 –0.01 2.26
11H-4, 20–22 105.93 –0.04 2.45
11H-4, 30–32 106.03 –0.03 2.37
11H-4, 40–42 106.13 0.04 2.05
11H-4, 50–52 106.23 0.03 2.19
11H-4, 60–62 106.33 0.08 2.47
11H-4, 70–72 106.43 –0.15 2.49
11H-4, 80–82 106.53 –0.02 2.48
11H-4, 90–92 106.63 0.04 2.46
11H-4, 100–102 106.73 –0.13 2.42
11H-4, 110–112 106.83 –0.09 2.49
11H-4, 120–122 106.93 –0.14 2.53
11H-4, 130–132 107.03 –0.31 2.50
11H-4, 140–142 107.13 –0.17 2.69
11H-5, 0–2 107.24 –0.23 2.68
11H-5, 10–12 107.34 –0.16 2.85
11H-5, 20–22 107.44 –0.14 2.58
11H-5, 30–32 107.54 –0.02 2.35
11H-5, 40–42 107.64 –0.22 2.27
11H-5, 50–52 107.74 0.00 2.43
11H-5, 60–62 107.84 –0.04 2.35
11H-5, 70–72 107.94 0.00 2.42
11H-5, 80–82 108.04 –0.07 2.35
11H-5, 90–92 108.14 –0.21 2.29
11H-5, 100–102 108.24 –0.19 2.42
11H-5, 110–112 108.34 –0.22 2.46
12H-2, 140–142 115.01 –0.18 2.25
12H-3, 0–2 115.12 –0.35 2.17
12H-3, 10–12 115.22 –0.22 2.33
12H-3, 20–22 115.32 –0.32 2.15
12H-3, 30–32 115.42 –0.12 2.33
12H-3, 40–42 115.52 –0.12 2.46
12H-3, 50–52 115.62 –0.12 2.57
12H-3, 60–62 115.72 –0.10 2.48
12H-3, 70–72 115.82 –0.14 2.40

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

Appendix Table AT4 (continued). 
12H-3, 80–82 115.92 –0.24 2.36
12H-3, 90–92 116.02 –0.25 2.36
12H-3, 100–102 116.12 –0.46 2.44
12H-3, 110–112 116.22 –0.42 2.56
12H-3, 120–122 116.32 –0.30 2.53
12H-3, 130–132 116.42 –0.31 2.54
12H-3, 140–142 116.52 –0.17 2.37
12H-4, 0–2 116.63 –0.04 2.51
12H-4, 10–12 116.73 –0.02 2.27
12H-4, 20–22 116.83 –0.12 2.35
12H-4, 30–32 116.93 –0.11 2.39
12H-4, 40–42 117.03 –0.05 2.30
12H-4, 50–52 117.13 –0.08 2.34
12H-4, 60–62 117.23 –0.14 2.38
12H-4, 70–72 117.33 –0.09 2.50
12H-4, 80–82 117.43 –0.06 2.40
12H-4, 90–92 117.53 –0.17 2.22
12H-4, 100–102 117.63 –0.24 2.33
12H-4, 110–112 117.73
12H-4, 120–122 117.83 –0.15 2.43
12H-4, 130–132 117.93 –0.21 2.45
12H-4, 140–142 118.03 –0.11 2.36
12H-5, 0–2 118.14 –0.18 2.55
12H-5, 10–12 118.24 –0.18 2.49
12H-5, 20–22 118.34 –0.03 2.53
12H-5, 30–32 118.44 –0.14 2.50
12H-5, 40–42 118.54 –0.23 2.36
12H-5, 50–52 118.64 –0.13 2.30
12H-5, 60–62 118.74 –0.21 2.15
12H-5, 70–72 118.84 –0.23 2.26
12H-5, 80–82 118.94 –0.30 2.33
12H-5, 90–92 119.04 –0.20 2.38
12H-5, 100–102 119.14 –0.39 2.34
12H-5, 110–112 119.24 –0.07 2.48
13H-3, 40–42 125.41 0.25 2.47
13H-3, 50–52 125.51 0.21 2.54
13H-3, 60–62 125.61 0.21 2.17
13H-3, 70–72 125.71 0.09 2.09
13H-3, 80–82 125.81
13H-3, 90–92 125.91 0.21 2.29
13H-3, 100–102 126.01 0.08 2.28
13H-3, 110–112 126.11 0.08 2.06
13H-3, 120–122 126.21 –0.11 2.37
13H-3, 130–132 126.31 0.06 2.46
13H-3, 140–142 126.41 0.05 2.48
13H-4, 0–2 126.52 0.00 2.50
13H-4, 10–12 126.62 –0.02 2.56
13H-4, 20–22 126.72
13H-4, 30–32 126.82 0.11 2.61
13H-4, 40–42 126.92 –0.02 2.41
13H-4, 50–52 127.02 –0.19 2.26
13H-4, 60–62 127.12 –0.12 2.43
13H-4, 70–72 127.22 –0.18 2.44
13H-4, 80–82 127.32 –0.05 2.24
13H-4, 90–92 127.42 –0.14 2.17
13H-4, 100–102 127.52 –0.33 2.46
13H-4, 110–112 127.62 –0.33
13H-4, 120–122 127.72 –0.55 2.56
13H-4, 130–132 127.82 –0.20 2.63
13H-4, 140–142 127.92 –0.08 2.34
13H-5, 0–2 128.02 0.02 2.53
13H-5, 10–12 128.12 –0.05 2.58
13H-5, 20–22 128.22 0.00 2.48
13H-5, 30–32 128.32 –0.03 2.44
13H-5, 40–42 128.42 –0.16 2.44
13H-5, 50–52 128.52 –0.13 2.39
13H-5, 60–62 128.62 –0.13 2.43
13H-5, 70–72 128.72 –0.13 2.46
13H-5, 80–82 128.82 –0.20 2.44

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)
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13H-5, 90–92 128.92 –0.18 2.41
13H-5, 100–102 129.02 –0.32 2.56
13H-5, 110–112 129.12 –0.24 2.48
14H-1, 50–52 132.57 –0.02 2.29
14H-1, 60–62 132.67 –0.13 2.36
14H-1, 70–72 132.77 –0.11 2.23
14H-1, 80–82 132.87 –0.01 2.37
14H-1, 90–92 132.97 0.01 2.28
14H-1, 100–102 133.07 –0.06 2.22
14H-1, 110–112 133.17 0.00 2.31
14H-1, 120–122 133.27 –0.05 2.47
14H-1, 130–132 133.37 –0.08 2.36
14H-1, 140–142 133.47 –0.22 2.44
14H-2, 0–2 133.58 –0.31 2.47
14H-2, 10–12 133.68 –0.03 2.31
14H-2, 20–22 133.78 –0.04 2.49
14H-2, 30–32 133.88 –0.04 2.37
14H-2, 40–42 133.98 0.09 2.28
14H-2, 50–52 134.08 0.15 2.36
14H-2, 60–62 134.18 0.05 2.28
14H-2, 70–72 134.28 0.12 2.32
14H-2, 80–82 134.38 0.11 2.42
14H-2, 90–92 134.48 0.11 2.19
14H-2, 100–102 134.58 0.22 2.33
14H-2, 110–112 134.68 0.12 2.17
14H-2, 120–122 134.78 –0.15 2.27
14H-2, 130–132 134.88 0.09 2.37
14H-2, 140–142 134.98 –0.18 2.40
14H-3, 0–2 135.09 –0.01 2.56
14H-3, 10–12 135.19 –0.28 2.45
14H-3, 20–22 135.29 –0.22 2.48
14H-3, 30–32 135.39 –0.20 2.46
14H-3, 40–42 135.49 –0.29 2.56
14H-3, 50–52 135.59 –0.27 2.66
14H-3, 60–62 135.69 –0.04 2.77
14H-3, 70–72 135.79 0.08 2.30
14H-3, 80–82 135.89 0.11 2.72
14H-3, 90–92 135.99 0.07 2.50
14H-3, 100–102 136.09 0.01 2.29
14H-3, 110–112 136.19 0.11 2.33
14H-3, 120–122 136.29 0.20 2.44
14H-3, 130–132 136.39 0.06 2.29
14H-3, 140–142 136.49 –0.05 2.40
14H-4, 0–2 136.60 –0.03 2.55
14H-4, 10–12 136.70 0.01 2.54
14H-4, 20–22 136.80 0.00 2.71
14H-4, 30–32 136.90 –0.10 2.60
14H-4, 40–42 137.00 –0.01 2.66
14H-4, 50–52 137.10 0.03 2.65
14H-4, 60–62 137.20 0.14 2.48
14H-4, 70–72 137.30 –0.18 2.37
14H-4, 80–82 137.40 0.07 2.31
14H-4, 90–92 137.50 0.05 2.36
14H-4, 100–102 137.60 –0.12 2.41
14H-4, 110–112 137.70 –0.17 2.43
14H-4, 120–122 137.80 –0.30 2.47
14H-4, 130–132 137.90 –0.15 2.58
14H-4, 140–142 138.00 –0.45 2.50
14H-5, 0–2 138.11 –0.27 2.62
14H-5, 10–12 138.21 –0.32 2.62
14H-5, 20–22 138.31 –0.22 2.56
14H-5, 30–32 138.41 –0.30 2.49
14H-5, 40–42 138.51 –0.14 2.44
14H-5, 50–52 138.61 –0.06 2.62
14H-5, 60–62 138.71 –0.08 2.52
14H-5, 70–72 138.81 –0.01 2.47
14H-5, 80–82 138.91 0.05 2.32
14H-5, 90–92 139.01 –0.02 2.39
14H-5, 100–102 139.11 0.00 2.40

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

Appendix Table AT4 (continued). 
14H-5, 110–112 139.21 0.00 2.48
14H-5, 120–122 139.31 –0.12 2.38
14H-5, 130–132 139.41 –0.11 2.38
14H-5, 140–142 139.51 –0.22 2.39
14H-6, 0–2 139.62 –0.41 2.60
14H-6, 10–12 139.72 –0.38 2.70
14H-6, 20–22 139.82 –0.48 2.75
14H-6, 30–32 139.92 –0.54 2.85
14H-6, 40–42 140.02 –0.65 2.79
14H-6, 50–52 140.12 –0.33 2.48
14H-6, 60–62 140.22 –0.49 2.70
14H-6, 70–72 140.32 –0.36 2.57
15H-3, 0–2 145.14 –0.29 2.47
15H-3, 10–12 145.24 –0.07 2.24
15H-3, 20–22 145.34 –0.14 2.28
15H-3, 30–32 145.44 –0.28 2.31
15H-3, 40–42 145.54 –0.08 2.48
15H-3, 50–52 145.64 –0.04 2.29
15H-3, 60–62 145.74 0.16 2.47
15H-3, 70–72 145.84 –0.02 2.39
15H-3, 80–82 145.94 0.05 2.22
15H-3, 90–92 146.04 –0.15 2.27
15H-3, 100–102 146.14 –0.15 2.23
15H-3, 110–112 146.24 –0.08 2.25
15H-3, 120–122 146.34 –0.34 2.16
15H-3, 130–132 146.44 –0.26 2.16
15H-3, 140–142 146.54 –0.40 2.01
15H-4, 0–2 146.65 –0.44 2.24
15H-4, 10–12 146.75 –0.15 2.31
15H-4, 20–22 146.85 –0.41 2.42
15H-4, 30–32 146.95 –0.56 2.46
15H-4, 40–42 147.05 –0.38 2.55
15H-4, 50–52 147.15 –0.23 2.28
15H-4, 60–62 147.25 –0.16 2.41
15H-4, 70–72 147.35 –0.18 2.35
15H-4, 80–82 147.45 –0.29 2.00
15H-4, 90–92 147.55 –0.16 2.31
15H-4, 100–102 147.65 0.00 2.16
15H-4, 110–112 147.75 –0.25 2.04
15H-4, 120–122 147.85 0.04 2.20
15H-4, 130–132 147.95 0.22 2.35
15H-4, 140–142 148.05 0.06 2.49
15H-5, 0–2 148.16 –0.32 2.33
15H-5, 10–12 148.26 –0.04 2.23
15H-5, 20–22 148.36 2.35
15H-5, 30–32 148.46 –0.08 2.20
15H-5, 40–42 148.56 –0.29 2.35
15H-5, 50–52 148.66 –0.34 2.24
15H-5, 60–62 148.76 –0.25 2.46
15H-5, 70–72 148.86 –0.30 2.45
15H-5, 80–82 148.96 –0.24 2.62
15H-5, 93–95 149.09 –0.24 2.41
15H-5, 100–102 149.16 –0.35 2.51
15H-5, 110–112 149.26 –0.17 2.50
15H-5, 120–122 149.36 –0.20 2.42
15H-5, 130–132 149.46 –0.14 2.31
15H-5, 140–142 149.56 0.01 2.55
15H-6, 0–2 149.67 2.47
15H-6, 10–12 149.77 0.04 2.63
15H-6, 20–22 149.87 –0.11 2.48
15H-6, 30–32 149.97 0.01 2.44
15H-6, 40–42 150.07 –0.05 2.44
15H-6, 50–52 150.17 –0.04 2.36
15H-6, 60–62 150.27 –0.04 2.38
15H-6, 70–72 150.37 –0.16 2.52
15H-6, 80–82 150.47 –0.08 2.36
15H-6, 90–92 150.57 –0.07 2.51
15H-6, 100–102 150.67 –0.10 2.37
15H-6, 110–112 150.77 –0.03 2.55

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)



R. TIEDEMANN ET AL.
TIMESCALES AND BENTHIC ISOTOPE STRATIGRAPHIES 64
15H-6, 120–122 150.87 –0.27 2.44
16H-4, 70–72 158.39 –0.19 2.04
16H-4, 80–82 158.49 0.03 1.97
16H-4, 90–92 158.59
16H-4, 100–102 158.69 0.18 2.34
16H-4, 110–112 158.79 0.24 2.27
16H-4, 120–122 158.89 2.47
16H-4, 130–132 158.99 0.21 2.51
16H-4, 140–142 159.09 0.09 2.29
16H-5, 0–2 159.20 0.12 2.44
16H-5, 10–12 159.30 0.01 2.57
16H-5, 20–22 159.40
16H-5, 30–32 159.50
16H-5, 40–42 159.60
16H-5, 50–52 159.70 0.07 2.53
16H-5, 60–62 159.80
16H-5, 70–72 159.90 0.21 2.19
16H-5, 80–82 160.00
16H-5, 90–92 160.10
16H-5, 100–102 160.20 0.32 2.29
16H-5, 110–112 160.30 0.35 2.14
16H-5, 120–122 160.40 0.39 2.28
16H-5, 130–132 160.50 0.41 2.35
16H-5, 140–142 160.60 0.19 2.57
16H-6, 0–2 160.71 0.14 2.36
16H-6, 10–12 160.81
16H-6, 20–22 160.91
16H-6, 30–32 161.01 0.26 2.50
16H-6, 40–42 161.11 0.24 2.41
16H-6, 50–52 161.21 0.25 2.36
16H-6, 60–62 161.31 0.14 2.58
16H-6, 70–72 161.41 2.19
16H-6, 80–82 161.51 0.22 2.43
16H-6, 90–92 161.61 0.08 2.23
17H-4, 30–32 168.06 –0.20 2.87
17H-4, 45–47 168.21 –0.15 2.37
17H-4, 60–62 168.36
17H-4, 75–77 168.51 –0.03 2.38
17H-4, 90–92 168.66 –0.02 2.61
17H-4, 105–107 168.81 0.00 2.38
17H-4, 120–122 168.96 0.04 2.32
17H-4, 135–137 169.11 0.00 2.64
17H-5, 0–2 169.26 –0.03 2.43
17H-5, 15–17 169.41
17H-5, 30–32 169.56 –0.19 2.55
17H-5, 45–47 169.71 –0.22 2.55
17H-5, 60–62 169.86 –0.21 2.55
17H-5, 75–77 170.01 –0.22 2.73
17H-5, 90–92 170.16
17H-5, 105–107 170.31 0.12 2.37
17H-5, 120–122 170.46 0.01 2.51
17H-5, 135–137 170.61 0.08 2.34
17H-6, 0–2 170.77 0.07 2.48
17H-6, 15–17 170.92 0.05 2.20
17H-6, 30–32 171.07 0.12 2.15
17H-6, 45–47 171.22 –0.13 2.44
17H-6, 60–62 171.37 0.02 2.16
17H-6, 75–77 171.52 –0.03 2.12
17H-6, 90–92 171.67
17H-6, 105–107 171.82 –0.03 2.24
17H-6, 120–122 171.97 0.14 2.62
17H-6, 135–137 172.12

202-1241B-
8H-2, 100–102 73.16 –0.15 3.03
8H-2, 110–112 73.26 0.03 2.75
8H-2, 120–122 73.36 –0.01 2.57
8H-2, 130–132 73.46 –0.15 2.44
8H-2, 140–142 73.56 0.00 2.86

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

Appendix Table AT4 (continued). 
8H-3, 0–2 73.67 –0.22 3.09
8H-3, 10–12 73.77 –0.38 3.08
8H-3, 20–22 73.87 –0.25 3.01
8H-3, 30–32 73.97 –0.39 2.97
8H-3, 40–42 74.07 –0.30 2.97
8H-3, 50–52 74.17 –0.36 2.94
8H-3, 60–62 74.27 –0.37 2.93
8H-3, 70–72 74.37 –0.35 2.91
8H-3, 80–82 74.47
8H-3, 90–92 74.57 –0.21 3.02
8H-3, 100–102 74.67 –0.28 2.74
8H-3, 110–112 74.77 –0.30 2.69
8H-3, 120–122 74.87 –0.29 2.56
8H-3, 130–132 74.97
8H-3, 140–142 75.07 –0.30 2.60
8H-4, 0–2 75.17 –0.21 3.02
8H-4, 10–12 75.27 –0.41 2.81
8H-4, 20–22 75.37 –0.19 3.07
8H-4, 30–32 75.47 –0.27 2.84
8H-4, 40–42 75.57 –0.18 2.62
8H-4, 50–52 75.67
8H-4, 60–62 75.77
8H-4, 70–72 75.87
8H-4, 80–82 75.97
8H-4, 90–92 76.07
8H-4, 100–102 76.17
8H-4, 110–112 76.27 –0.03 2.91
8H-4, 120–122 76.37 –0.05 2.43
8H-4, 130–132 76.47 0.01 2.57
8H-4, 140–142 76.57 0.05 2.62
8H-5, 0–2 76.67 0.14 2.67
8H-5, 10–12 76.77 0.06 2.57
8H-5, 20–22 76.87 –0.07 2.81
8H-5, 30–32 76.97 –0.04 2.75
8H-5, 40–42 77.07 –0.01 2.95
8H-5, 43–45 77.10 –0.05 2.70
8H-5, 50–52 77.17 0.15 2.48
8H-5, 60–62 77.27 –0.07 2.57
8H-5, 70–72 77.37 –0.32 2.66
8H-5, 80–82 77.47 –0.24 2.79
8H-5, 90–92 77.57 –0.48 2.57
8H-5, 100–102 77.67 –0.49 2.72
8H-5, 110–112 77.77 –0.31 2.61
8H-5, 120–122 77.87 –0.65 2.58
12H-2, 130–132 119.31 –0.11 2.36
12H-2, 140–142 119.41 –0.16 2.31
12H-3, 0–2 119.51 0.01 2.36
12H-3, 10–12 119.61 –0.01 2.44
12H-3, 20–22 119.71 0.10 2.46
12H-3, 30–32 119.81 0.14 2.39
12H-3, 40–42 119.91 0.11 2.39
12H-3, 50–52 120.01 –0.03 2.32
12H-3, 60–62 120.11 –0.06 2.40
12H-3, 70–72 120.21 –0.17 2.43
12H-3, 80–82 120.31 –0.08 2.53
12H-3, 90–92 120.41 –0.13 2.57
12H-3, 100–102 120.51 –0.35 2.42
12H-3, 110–112 120.61 –0.15 2.56
12H-3, 120–122 120.71 0.01 2.52
12H-3, 130–132 120.81 –0.03 2.39
12H-3, 140–142 120.91 0.06 2.36
12H-4, 0–2 121.02 0.01 2.37
12H-4, 10–12 121.12 0.03 2.17
12H-4, 20–22 121.22 0.08 2.20
12H-4, 30–32 121.32 0.11 2.36
12H-4, 40–42 121.42 0.28 2.49
12H-4, 50–52 121.52 0.09 2.35
12H-4, 60–62 121.62 0.15 2.35
12H-4, 70–72 121.72 0.10 2.33
12H-4, 80–82 121.82 0.06 2.21

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)
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12H-4, 90–92 121.92 –0.04 2.37
12H-4, 100–102 122.02 –0.12 2.51
12H-4, 110–112 122.12 –0.06 2.45
12H-4, 120–122 122.22 0.04 2.64
12H-4, 130–132 122.32 0.06 2.59
12H-4, 140–142 122.42 0.23 2.51
12H-5, 0–2 122.53 0.14 2.34
12H-5, 10–12 122.63 0.21 2.51
12H-5, 20–22 122.73 0.24 2.46
12H-5, 30–32 122.83 –0.01 2.43
12H-5, 40–42 122.93 0.17 2.42
12H-5, 50–52 123.03 0.27 2.42
12H-5, 60–62 123.13 –0.05 2.58
12H-5, 70–72 123.23 0.03 2.42
12H-5, 80–82 123.33 –0.08 2.52
12H-5, 90–92 123.43 –0.09 2.43
12H-5, 100–102 123.53 –0.10 2.50
12H-5, 110–112 123.63 0.01 2.56
12H-5, 120–122 123.73 0.13 2.54
12H-5, 130–132 123.83 0.09 2.53
12H-5, 140–142 123.93 0.14 2.64
12H-6, 0–2 124.03 0.12 2.51
12H-6, 10–12 124.13 0.14 2.33
12H-6, 20–22 124.23 0.11 2.47
12H-6, 30–32 124.33 0.18 2.61
12H-6, 40–42 124.43 0.09 2.50
12H-6, 50–52 124.53 –0.09 2.52
12H-6, 60–62 124.63 –0.07 2.51
12H-6, 70–72 124.73 0.04 2.52
12H-6, 80–82 124.83 0.00 2.35
12H-6, 90–92 124.93 0.03 2.62
12H-6, 100–102 125.03 –0.01 2.56
12H-6, 110–112 125.13 –0.02 2.55
12H-6, 120–122 125.23 0.01 2.48
12H-6, 130–132 125.33 0.16 2.37
14H-2, 110–112 140.38 –0.18 2.32
14H-2, 120–122 140.48 –0.16 2.38
14H-2, 130–132 140.58 –0.12
14H-2, 140–142 140.68 –0.21 2.46
14H-3, 0–2 140.79 0.06 2.60
14H-3, 10–12 140.89 2.45
14H-3, 20–22 140.99 0.17 2.34
14H-3, 30–32 141.09 0.11 2.69
14H-3, 40–42 141.19 2.25
14H-3, 50–52 141.29 –0.15 2.40
14H-3, 60–62 141.39 –0.23 2.40
14H-3, 70–72 141.49 –0.24 2.45
14H-3, 80–82 141.59 –0.30 2.35
14H-3, 90–92 141.69 –0.28 2.29
14H-3, 100–102 141.79 –0.20 2.49
14H-3, 110–112 141.89 –0.27 2.56
14H-3, 120–122 141.99 –0.15 2.29
14H-3, 130–132 142.09 2.56
14H-3, 140–142 142.19 –0.19 2.38
14H-4, 0–2 142.30 –0.16 2.47
14H-4, 10–12 142.40 –0.16 2.29
14H-4, 20–22 142.50 –0.18 2.20
14H-4, 30–32 142.60 –0.36 2.16
14H-4, 40–42 142.70 –0.21 2.28
14H-4, 50–52 142.80 –0.32 2.36
14H-4, 60–62 142.90 –0.30 2.42
14H-4, 70–72 143.00 –0.19 2.33
14H-4, 80–82 143.10 –0.12 2.56
14H-4, 90–92 143.20 –0.23 2.46
14H-4, 100–102 143.30 –0.19 2.49
14H-4, 110–112 143.40 –0.06 2.38
14H-4, 120–122 143.50 –0.18 2.26
14H-4, 130–132 143.60 –0.09 2.08
14H-4, 140–142 143.70 –0.01 2.40

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

Appendix Table AT4 (continued). 
14H-5, 0–2 143.81 0.02 2.55
14H-5, 10–12 143.91 0.06 2.61
14H-5, 20–22 144.01 0.07 2.45
14H-5, 30–32 144.11 –0.02 2.41
14H-5, 40–42 144.21 0.01 2.34
14H-5, 50–52 144.31 –0.05 2.12
14H-5, 60–62 144.41 –0.20 2.30
14H-5, 70–72 144.51 –0.12 2.33
14H-5, 80–82 144.61 –0.05 2.40
14H-5, 90–92 144.71
14H-5, 100–102 144.81 –0.35 2.57
14H-5, 110–112 144.91 –0.25 2.46
14H-5, 120–122 145.01 –0.59 2.41
14H-5, 130–132 145.11 –0.54 2.45
16H-2, 30–32 161.66 0.02 2.25
16H-2, 45–47 161.81 0.01 2.48
16H-2, 60–62 161.96 –0.01 2.16
16H-2, 75–77 162.11 0.02 2.19
16H-2, 90–92 162.26 0.00 2.27
16H-2, 105–107 162.41 –0.13 2.41
16H-2, 120–122 162.56 0.13 2.32
16H-2, 135–137 162.71 0.06 2.31
16H-3, 0–2 162.87 0.07 2.46
16H-3, 15–17 163.02 0.04 2.39
16H-3, 30–32 163.17 –0.05 2.52
16H-3, 45–47 163.32 0.05 2.37
16H-3, 60–62 163.47 0.05 2.40
16H-3, 75–77 163.62 2.53
16H-3, 90–92 163.77 0.07 2.09
16H-3, 105–107 163.92
16H-3, 120–122 164.07 –0.09 2.30
16H-3, 135–137 164.22 0.18 2.43
16H-4, 0–2 164.38 0.01 2.39
16H-4, 15–17 164.53 0.15 2.53
16H-4, 30–32 164.68 0.37 2.32
16H-4, 45–47 164.83 0.32 2.50
16H-4, 60–62 164.98
16H-4, 75–77 165.13 0.21 2.21
16H-4, 90–92 165.28 0.23 2.46
16H-4, 105–107 165.43 0.26 2.61
16H-4, 120–122 165.58 0.13 2.39
16H-4, 135–137 165.73
16H-5, 0–2 165.88 0.14 2.43
16H-5, 15–17 166.03 –0.10 2.49
16H-5, 30–32 166.18 0.12 2.13
16H-5, 45–47 166.33
16H-5, 60–62 166.48 0.03 2.41
16H-5, 75–77 166.63 0.09 2.11
16H-5, 90–92 166.78 –0.01 2.29
16H-5, 105–107 166.93 –0.06 2.24
16H-5, 120–122 167.08
16H-5, 135–137 167.23
16H-6, 0–2 167.37 –0.16 2.45
16H-6, 15–17 167.52 –0.26 2.63
16H-6, 30–32 167.67 –0.33 2.58
16H-6, 45–47 167.82 –0.15 3.00
16H-6, 60–62 167.97 –0.35 2.70
17H-2, 0–2 172.30 –0.05 2.35
17H-2, 15–17 172.45 0.15 2.43
17H-2, 30–32 172.60 0.10 2.33
17H-2, 45–47 172.75 0.01 2.55
17H-2, 60–62 172.90 0.07 2.27
17H-2, 75–77 173.05 0.21 2.29
17H-2, 90–92 173.20 0.01 2.35
17H-2, 105–107 173.35 –0.10 2.60
17H-2, 120–122 173.50 0.06 2.39
17H-2, 135–137 173.65 0.16 2.22
17H-3, 0–2 173.81 –0.01 2.57
17H-3, 15–17 173.96 –0.06 2.41

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)
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17H-3, 30–32 174.11 –0.20 2.55
17H-3, 45–47 174.26 –0.11 2.58
17H-3, 60–62 174.41
17H-3, 75–77 174.56 0.17 2.25
17H-3, 90–92 174.71
17H-3, 105–107 174.86 0.21 2.65
17H-3, 120–122 175.01 0.21 2.70
17H-3, 135–137 175.16 0.21 2.43
17H-4, 0–2 175.31 0.17 2.04
17H-4, 15–17 175.46 0.24 2.91
17H-4, 30–32 175.61 0.07 2.01
17H-4, 45–47 175.76 –0.21 2.56
17H-4, 60–62 175.91 –0.25 2.67
17H-4, 75–77 176.06 –0.27 2.76
17H-4, 90–92 176.21 –0.31 2.58
17H-4, 105–107 176.36 –0.06 2.67
17H-4, 120–122 176.51 –0.07 2.39
17H-4, 135–137 176.66 –0.05 2.36

202-1241C-
3H-4, 0–2 58.21 –0.46 3.41
3H-4, 10–12 58.31 –0.41 3.81
3H-4, 20–22 58.41 –0.44 3.60
3H-4, 30–32 58.51 –0.57 3.75
3H-4, 40–42 58.61 –0.33 3.67
3H-4, 50–52 58.71 –0.30 3.24
3H-4, 60–62 58.81 –0.17 3.10
3H-4, 70–72 58.91 0.03 3.06
3H-4, 80–82 59.01 –0.01 2.88
3H-4, 90–92 59.11 –0.01 2.58
3H-4, 100–102 59.21 –0.42 2.74
3H-4, 110–112 59.31 –0.03 2.95
3H-4, 120–122 59.41 –0.20 3.05
3H-4, 130–132 59.51 0.04
3H-4, 140–142 59.61 –0.36 3.31
3H-5, 0–2 59.72 –0.91 3.47
3H-5, 10–12 59.82 –0.46 3.45
3H-5, 20–22 59.92 –0.36 3.56
3H-5, 30–32 60.02 –0.30 3.65
3H-5, 40–42 60.12 –0.10 3.08
3H-5, 50–52 60.22 –0.09 2.67
3H-5, 60–62 60.32 –0.15 3.04
3H-5, 70–72 60.42 –0.36 2.89
3H-5, 80–82 60.52 –0.55 3.25
3H-5, 90–92 60.62 –0.60 3.40
3H-5, 100–102 60.72 –0.65 3.62
3H-5, 110–112 60.82 –0.66 3.69
3H-5, 120–122 60.92 –0.68 3.46
3H-5, 130–132 61.02 –0.62 3.51
3H-5, 140–142 61.12 –0.48 3.28
3H-6, 0–2 61.23 –0.04 2.65
3H-6, 10–12 61.33 0.02 2.71
3H-6, 20–22 61.43 –0.10 2.88
4H-2, 30–32 66.46 0.05 2.49
4H-2, 40–42 66.56 0.15 2.62
4H-2, 50–52 66.66 0.04 2.81
4H-2, 60–62 66.76 0.05 2.89
4H-2, 70–72 66.86 0.04 2.94
4H-2, 80–82 66.96 –0.23 2.89
4H-2, 90–92 67.06 –0.29 2.86
4H-2, 100–102 67.16 –0.25 3.00
4H-2, 110–112 67.26 –0.04 2.96
4H-2, 120–122 67.36 0.12 2.96
4H-2, 130–132 67.46 0.10 2.72
4H-2, 140–142 67.56
4H-3, 0–2 67.67 0.08 2.59
4H-3, 10–12 67.77 0.01 2.77
4H-3, 20–22 67.87 –0.22
4H-3, 30–32 67.97 –0.35 3.18
4H-3, 40–42 68.07 –0.14 3.05

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

Appendix Table AT4 (continued). 
4H-3, 50–52 68.17 –0.20 3.25
4H-3, 60–62 68.27 –0.21 3.53
4H-3, 70–72 68.37 –0.16 3.05
4H-3, 80–82 68.47 –0.01 3.16
4H-3, 90–92 68.57 0.17 3.40
4H-3, 100–102 68.67 –0.04 2.82
4H-3, 110–112 68.77 –0.01 2.91
4H-3, 120–122 68.87 0.24 2.78
4H-3, 130–132 68.97 0.10 2.71
4H-3, 140–142 69.07
4H-4, 0–2 69.19 2.95
4H-4, 10–12 69.29 0.00 3.21
4H-4, 20–22 69.39 0.04 3.03
4H-4, 30–32 69.49 0.03 3.26
4H-4, 40–42 69.59 –0.02 2.99
4H-4, 50–52 69.69 0.03 2.88
4H-4, 60–62 69.79 –0.05 2.90
4H-4, 70–72 69.89 0.04 2.84
4H-4, 80–82 69.99 –0.02 2.95
4H-4, 90–92 70.09 –0.08 2.88
4H-4, 100–102 70.19 –0.09 3.14
4H-4, 110–112 70.29 –0.10 3.07
4H-4, 120–122 70.39 0.16
4H-4, 130–132 70.49 0.04 2.79
4H-4, 140–142 70.59 0.09 2.84
4H-5, 0–2 70.70 0.01 2.65
4H-5, 10–12 70.80 –0.03 3.06
4H-5, 20–22 70.90 0.00 2.97
4H-5, 30–32 71.00 0.02 3.13
4H-5, 40–42 71.10 –0.27 2.93
4H-5, 50–52 71.20 –0.26 2.84
4H-5, 60–62 71.30 –0.34 2.94
4H-5, 70–72 71.40 –0.32 3.16
4H-5, 80–82 71.50 –0.31 2.86
4H-5, 90–92 71.60 –0.32 2.95
4H-5, 100–102 71.70 –0.15 2.63
4H-5, 110–112 71.80 0.00 3.11
4H-5, 120–122 71.90 0.08 2.66
4H-5, 130–132 72.00
4H-5, 140–142 72.10
4H-6, 0–2 72.21
4H-6, 10–12 72.31 –0.07 2.86
4H-6, 20–22 72.41 –0.06 2.75
4H-6, 30–32 72.51 –0.04 2.54
4H-6, 40–42 72.61 –0.16 2.72
4H-6, 50–52 72.71 –0.15 2.78
4H-6, 60–62 72.81 –0.47 2.78
4H-6, 70–72 72.91 0.01 3.05
4H-6, 80–82 73.01 –0.17 3.34
4H-6, 90–92 73.11 –0.22 3.22
5H-2, 140–142 77.95 –0.43 2.64
5H-3, 0–2 78.06 –0.51 2.90
5H-3, 10–12 78.16 –0.50 2.68
5H-3, 20–22 78.26 –0.46 2.70
5H-3, 30–32 78.36 –0.57 2.55
5H-3, 40–42 78.46 –0.40 2.55
5H-3, 50–52 78.56 –0.24 2.38
5H-3, 60–62 78.66 –0.28 2.28
5H-3, 70–72 78.76 –0.17 2.23
5H-3, 80–82 78.86 –0.19 2.49
5H-3, 90–92 78.96 –0.18 2.34
5H-3, 100–102 79.06 –0.31 2.31
5H-3, 110–112 79.16 –0.38 2.57
5H-3, 120–122 79.26 –0.16 2.40
5H-3, 130–132 79.36 –0.18 2.41
5H-3, 140–142 79.46 –0.30 2.37
5H-4, 0–2 79.56 –0.23 2.52
5H-4, 10–12 79.66 –0.20 2.53
5H-4, 20–22 79.76 –0.02 2.60

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)
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5H-4, 30–32 79.86 –0.12 2.60
5H-4, 40–42 79.96 –0.23 2.60
5H-4, 50–52 80.06 –0.09 2.56
5H-4, 60–62 80.16 0.06 2.55
5H-4, 70–72 80.26 0.06 2.67
5H-4, 80–82 80.36 0.03
5H-4, 90–92 80.46 0.06 2.58
5H-4, 100–102 80.56 0.06 2.48
5H-4, 110–112 80.66 –0.04 2.39
5H-4, 120–122 80.76 0.02 2.53
5H-4, 130–132 80.86 –0.04 2.59
5H-4, 140–142 80.96 –0.12 2.49
5H-5, 0–2 81.06 –0.10 2.60
5H-5, 10–12 81.16 –0.06 2.49
5H-5, 20–22 81.26 0.09 2.56
5H-5, 30–32 81.36 –0.08 2.42
5H-5, 40–42 81.46 0.08 2.45
5H-5, 50–52 81.56 0.08 2.56
5H-5, 60–62 81.66 –0.05 2.64
5H-5, 70–72 81.76 0.09 2.51
5H-5, 80–82 81.86 –0.13 2.43
5H-5, 90–92 81.96 –0.03 2.72
5H-5, 100–102 82.06 –0.05 2.64
5H-5, 110–112 82.16 0.06 2.71
5H-5, 120–122 82.26 –0.05 2.55
5H-5, 130–132 82.36 –0.11 2.48
5H-5, 140–142 82.46 –0.06 2.52
5H-6, 0–2 82.57 –0.18 2.63
5H-6, 10–12 82.67 –0.11 2.59
5H-6, 20–22 82.77 –0.39 2.76
5H-6, 30–32 82.87 –0.39 2.98
5H-6, 40–42 82.97 –0.40 2.80
5H-6, 50–52 83.07 –0.60 3.07
5H-6, 60–62 83.17 –0.61 3.17
5H-6, 70–72 83.27 –0.66 2.90
5H-6, 80–82 83.37 –0.45 2.99
5H-6, 90–92 83.47 –0.45 2.87
6H-3, 20–22 89.23 –0.19 2.26
6H-3, 30–32 89.33 –0.18 2.40
6H-3, 40–42 89.43 –0.34 2.44
6H-3, 50–52 89.53 –0.34 2.49
6H-3, 60–62 89.63 –0.34 2.40
6H-3, 70–72 89.73 –0.27 2.62
6H-3, 80–82 89.83 –0.26 2.44
6H-3, 90–92 89.93 –0.22 2.67
6H-3, 100–102 90.03 –0.13 2.29
6H-3, 110–112 90.13 0.06 2.35
6H-3, 120–122 90.23 0.08 2.24
6H-3, 130–132 90.33 –0.12 2.10
6H-3, 140–142 90.43 –0.10 2.21
6H-4, 0–2 90.53 –0.28 2.55
6H-4, 10–12 90.63 –0.15 2.20
6H-4, 20–22 90.73 0.06 2.45
6H-4, 30–32 90.83 –0.17 2.66
6H-4, 40–42 90.93 –0.13 2.61
6H-4, 50–52 91.03 0.04 2.37
6H-4, 60–62 91.13 –0.10 2.47
6H-4, 70–72 91.23 –0.27 2.43
6H-4, 80–82 91.33 –0.12 2.47
6H-4, 90–92 91.43 –0.08 2.38
6H-4, 100–102 91.53 0.09 2.09
6H-4, 110–112 91.63 –0.13 2.31
6H-4, 120–122 91.73 0.01 2.23
6H-4, 130–132 91.83 –0.28 2.25
6H-4, 140–142 91.93 –0.24 2.33
6H-5, 0–2 92.03 –0.15 2.35
6H-5, 10–12 92.13 –0.26 2.38
7H-2, 100–102 98.82 –0.11 2.36
7H-2, 110–112 98.92 –0.18 2.57

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

Appendix Table AT4 (continued). 
7H-2, 120–122 99.02 –0.16 2.65
7H-2, 130–132 99.12 –0.08 2.59
7H-2, 140–142 99.22 –0.10 2.42
7H-3, 0–2 99.32 0.04 2.55
7H-3, 10–12 99.42 0.04 2.22
7H-3, 20–22 99.52 –0.05 2.52
7H-3, 30–32 99.62 0.03 2.38
7H-3, 40–42 99.72 0.07 2.09
7H-3, 50–52 99.82 –0.05 2.44
7H-3, 60–62 99.92 –0.21 2.55
7H-3, 70–72 100.02 –0.36
7H-3, 80–82 100.12 –0.11 2.56
7H-3, 90–92 100.22 –0.22 2.43
7H-3, 100–102 100.32 –0.23 2.17
7H-3, 110–112 100.42 –0.09 2.30
7H-3, 120–122 100.52 –0.08 2.08
7H-3, 130–132 100.62 –0.17 2.48
7H-3, 140–142 100.72 –0.25 2.52
7H-4, 0–2 100.82 –0.22 2.53
7H-4, 10–12 100.92 –0.39 2.10
7H-4, 20–22 101.02 –0.14 2.61
7H-4, 30–32 101.12 –0.12 2.26
7H-4, 40–42 101.22 –0.14 2.62
7H-4, 50–52 101.32
7H-4, 60–62 101.42 –0.27 2.14
7H-4, 70–72 101.52 –0.40 2.22
7H-4, 80–82 101.62 –0.26 2.42
7H-4, 90–92 101.72 –0.62 2.43
7H-4, 100–102 101.82 –0.46 2.51
7H-4, 110–112 101.92 –0.13 2.38
7H-4, 120–122 102.02 –0.19 2.30
7H-4, 130–132 102.12 –0.14 2.31
7H-4, 140–142 102.22 –0.19
7H-5, 0–2 102.32
7H-5, 10–12 102.42 –0.14 2.25
7H-5, 20–22 102.52 –0.10 2.27
7H-5, 30–32 102.62 –0.13 2.61
7H-5, 40–42 102.72 –0.17 2.43
7H-5, 50–52 102.82 –0.13 2.28
7H-5, 60–62 102.92 –0.30 2.19
7H-5, 70–72 103.02 –0.44 2.11
7H-5, 80–82 103.12 2.20
7H-5, 90–92 103.22 –0.35 2.70
7H-5, 100–102 103.32 –0.19 2.46
7H-5, 110–112 103.42 –0.21 2.71
7H-5, 120–122 103.52 –0.34 2.56
7H-5, 130–132 103.62 –0.15 2.49
7H-5, 140–142 103.72 –0.07 2.53
7H-6, 0–2 103.82 –0.02 2.45
7H-6, 10–12 103.92 –0.17 2.24
7H-6, 20–22 104.02 –0.13 2.20
7H-6, 30–32 104.12 –0.03 2.31
7H-6, 40–42 104.22 –0.19 2.35
7H-6, 50–52 104.32 –0.25 2.60
7H-6, 60–62 104.42 –0.20 2.29
7H-6, 70–72 104.52 –0.28 2.16
7H-6, 80–82 104.62 –0.32 2.40
7H-6, 90–92 104.72 –0.39 2.50
7H-6, 100–102 104.82 –0.32 2.39
7H-6, 110–112 104.92 –0.30 2.58
7H-6, 120–122 105.02 –0.19 2.42
7H-6, 130–132 105.12 –0.15 2.39
7H-6, 140–142 105.22 –0.17 2.30
7H-7, 0–2 105.32 –0.19 2.29
7H-7, 10–12 105.42 –0.24 2.16
7H-7, 20–22 105.52 –0.18 2.30
7H-7, 30–32 105.62 –0.26 2.34
7H-7, 40–42 105.72 –0.30 2.55
7H-7, 50–52 105.82 –0.47 2.52

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)
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7H-7, 60–62 105.92 –0.01 2.41
8H-2, 0–2 108.36 –0.23 2.56
8H-2, 10–12 108.46 –0.18 2.55
8H-2, 20–22 108.56 –0.24 2.64
8H-2, 30–32 108.66 –0.17 2.63
8H-2, 40–42 108.76 0.06 2.26
8H-2, 50–52 108.86 –0.02 2.43
8H-2, 60–62 108.96 0.04 2.26
8H-2, 70–72 109.06 0.06 2.36
8H-2, 80–82 109.16 0.07 2.40
8H-2, 90–92 109.26 0.02 2.37
8H-2, 100–102 109.36 0.02 2.37
8H-2, 110–112 109.46 –0.09 2.33
8H-2, 120–122 109.56 0.04 2.69
8H-2, 130–132 109.66 –0.08 2.50
8H-2, 140–142 109.76 0.02 2.64
8H-3, 0–2 109.86 –0.06 2.52
8H-3, 10–12 109.96 –0.04 2.40
8H-3, 20–22 110.06 –0.26 2.42
8H-3, 30–32 110.16 –0.06 2.42
8H-3, 40–42 110.26 –0.15 2.44
8H-3, 50–52 110.36 –0.23 2.05
8H-3, 60–62 110.46 –0.17 2.15
8H-3, 70–72 110.56 2.31
8H-3, 80–82 110.66 –0.11 2.54
8H-3, 90–92 110.76 –0.06 2.48
8H-3, 100–102 110.86 –0.05 2.46
8H-3, 110–112 110.96 –0.06 2.41
8H-3, 120–122 111.06 –0.01 2.52
8H-3, 130–132 111.16 –0.05 2.52
8H-3, 140–142 111.26 –0.03 2.50
8H-4, 0–2 111.36 0.06 2.44
8H-4, 10–12 111.46 –0.02 2.31
8H-4, 20–22 111.56 2.37
8H-4, 30–32 111.66 –0.01 2.37
8H-4, 40–42 111.76 0.05 2.59
8H-4, 50–52 111.86 –0.07 2.35
8H-4, 60–62 111.96 –0.02 2.61
8H-4, 70–72 112.06 0.01 2.52
8H-4, 80–82 112.16 –0.02 2.44
8H-4, 90–92 112.26 –0.01 2.43
8H-4, 100–102 112.36 –0.09 2.56
8H-4, 110–112 112.46 –0.05 2.48
8H-4, 120–122 112.56 –0.18 2.42
8H-4, 130–132 112.66 –0.05 2.56
8H-4, 140–142 112.76 0.01 2.45
8H-5, 0–2 112.86 –0.04 2.64
8H-5, 10–12 112.96 0.08 2.22
8H-5, 20–22 113.06 0.01 2.51
8H-5, 30–32 113.16 –0.19 2.33
8H-5, 40–42 113.26 0.01 2.50
8H-5, 50–52 113.36 –0.08 2.28
8H-5, 60–62 113.46 0.05 2.45
8H-5, 70–72 113.56 0.00 2.41
8H-5, 80–82 113.66 0.12 2.40
8H-5, 90–92 113.76 0.08 2.43
8H-5, 100–102 113.86 –0.06 2.26
8H-5, 110–112 113.96 –0.09 2.43
8H-5, 120–122 114.06 –0.16 2.42
8H-5, 130–132 114.16 –0.22 2.41
8H-5, 140–142 114.26 –0.17 2.33
8H-6, 0–2 114.36 –0.26 2.25
8H-6, 10–12 114.46 –0.24 2.27
8H-6, 20–22 114.56 –0.35 2.36
8H-6, 30–32 114.66 –0.41 2.58
8H-6, 40–42 114.76 –0.07 2.64
8H-6, 50–52 114.86 –0.08 2.38
8H-6, 60–62 114.96 –0.33 2.17
13H-5, 110–112 129.12 –0.24 2.48

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

Appendix Table AT4 (continued). 
9H-3, 90–92 129.14 –0.26 2.76
9H-3, 100–102 129.24 –0.14 2.64
9H-3, 110–112 129.34 –0.20 2.26
9H-3, 120–122 129.44 –0.10 2.37
9H-3, 130–132 129.54 –0.01 2.41
9H-3, 140–142 129.64 0.11 2.61
9H-4, 0–2 129.74 –0.11 2.45
9H-4, 10–12 129.84 0.00 2.43
9H-4, 20–22 129.94 0.01 2.49
9H-4, 30–32 130.04 –0.06 2.26
9H-4, 40–42 130.14 –0.15 2.34
9H-4, 50–52 130.24 –0.11 2.43
9H-4, 60–62 130.34 –0.07 2.33
9H-4, 70–72 130.44 2.37
9H-4, 80–82 130.54 –0.11 2.30
9H-4, 90–92 130.64 –0.21 2.31
9H-4, 100–102 130.74 –0.20 2.35
9H-4, 110–112 130.84 –0.23 2.53
9H-4, 120–122 130.94 –0.15 2.67
9H-4, 130–132 131.04 –0.20 2.22
9H-4, 140–142 131.14 –0.05 2.61
9H-5, 0–2 131.25 –0.27 2.12
9H-5, 10–12 131.35 –0.11 2.21
9H-5, 20–22 131.45 –0.12 2.29
9H-5, 30–32 131.55 0.10 2.25
9H-5, 40–42 131.65 –0.09 2.50
9H-5, 50–52 131.75 –0.10 2.29
9H-5, 60–62 131.85 –0.14 2.47
9H-5, 70–72 131.95 –0.17 2.39
9H-5, 80–82 132.05 –0.16 2.50
9H-5, 90–92 132.15 –0.13 2.55
9H-5, 100–102 132.25 –0.16 2.53
9H-5, 110–112 132.35 –0.20 2.37
9H-5, 120–122 132.45 –0.15 2.25
9H-5, 130–132 132.55 –0.18 2.41
11H-2, 90–92 150.97 –0.02 2.42
11H-2, 100–102 151.07 –0.25 2.29
11H-2, 110–112 151.17 –0.36 2.25
11H-2, 120–122 151.27 –0.15 2.23
11H-2, 130–132 151.37 0.07 2.52
11H-2, 140–142 151.47 0.00 2.41
11H-3, 0–2 151.57 0.05 2.41
11H-3, 10–12 151.67 –0.04 2.33
11H-3, 20–22 151.77 –0.17 2.43
11H-3, 30–32 151.87 –0.29 2.43
11H-3, 40–42 151.97 –0.07 2.36
11H-3, 50–52 152.07 –0.17 2.62
11H-3, 60–62 152.17 –0.21 2.35
11H-3, 70–72 152.27 –0.09 2.65
11H-3, 80–82 152.37 –0.18 2.43
11H-3, 90–92 152.47 –0.60 2.48
11H-3, 100–102 152.57 –0.25 2.55
11H-3, 110–112 152.67 –0.22 2.47
11H-3, 120–122 152.77 –0.23 2.50
11H-3, 130–132 152.87 0.04 2.46
11H-3, 140–142 152.97 0.07 2.29
11H-4, 0–2 153.07 0.17 2.54
11H-4, 10–12 153.17 –0.03 2.50
11H-4, 20–22 153.27 0.20 2.50
11H-4, 30–32 153.37 0.13 2.32
11H-4, 40–42 153.47 0.12 2.35
11H-4, 50–52 153.57 0.03 2.42
11H-4, 60–62 153.67
11H-4, 70–72 153.77 0.09 2.43
11H-4, 80–82 153.87 0.09 2.44
11H-4, 90–92 153.97 0.05 2.50
11H-4, 100–102 154.07 –0.08 2.47
11H-4, 110–112 154.17 –0.04 2.52
11H-4, 120–122 154.27 –0.03 2.51

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)
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11H-4, 130–132 154.37 0.02 2.76
11H-4, 140–142 154.47 0.01 2.31
11H-5, 0–2 154.57 0.02 2.52
11H-5, 10–12 154.67 0.16 2.29
11H-5, 20–22 154.77 0.03 2.44
11H-5, 30–32 154.87 0.21 2.49
11H-5, 40–42 154.97 0.10 2.51
11H-5, 50–52 155.07 0.27 2.44
11H-5, 60–62 155.17 0.15 2.62
11H-5, 70–72 155.27 0.31 2.34
11H-5, 80–82 155.37 0.23 2.36
11H-5, 90–92 155.47 0.27 2.33
11H-5, 100–102 155.57
11H-5, 110–112 155.67 –0.09 2.24
11H-5, 120–122 155.77 –0.31 2.38
11H-5, 130–132 155.87 –0.27 2.35
11H-5, 140–142 155.97 0.14 2.39
11H-6, 0–2 156.08 0.18 2.30
11H-6, 10–12 156.18 0.26 2.60
11H-6, 20–22 156.28 0.16 2.45
11H-6, 30–32 156.38 0.11 2.39
11H-6, 40–42 156.48 0.29 2.47
11H-6, 50–52 156.58 0.29 2.23
11H-6, 60–62 156.68 0.05 2.39
11H-6, 70–72 156.78 0.10 2.50
11H-6, 80–82 156.88 0.19 2.22
11H-6, 90–92 156.98 0.28 2.39
11H-6, 100–102 157.08 0.13 2.20
11H-6, 110–112 157.18 0.17 2.31
11H-6, 120–122 157.28 0.13 2.28
11H-6, 130–132 157.38 0.11 2.38
11H-6, 140–142 157.48 0.07 2.52
11H-7, 0–2 157.58 0.10 2.11
11H-7, 10–12 157.68 0.13 2.23
11H-7, 20–22 157.78 0.06 2.16

Core, section, 
interval (cm)

Depth 
(mcd)

Cibicidoides wuellerstorfi

δ13C
(‰)

δ18O
(‰)

Appendix Table AT4 (continued). 
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