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23. STABLE ISOTOPIC AND CARBONATE STRATIGRAPHY OF THE LATE PLIOCENE AND

PLEISTOCENE OF HOLE 704A: EASTERN SUBANTARCTIC SOUTH ATLANTIC!
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ABSTRACT

We studied the stable isotopic and carbonate stratigraphy of ODP Hole 704A to reconstruct the paleoceano-
graphic evolution of the eastern subantarctic sector of the South Atlantic Ocean. Site 704 is well positioned with
respect to latitude (46°52.8'S, 7°25.3'E) and bathymetry (2532 m) to monitor past migrations in the position of Polar
Front Zone (PFZ) and changes in deep-water circulation during the late Pliocene-Pleistocene.

Several important changes occurred in proxy paleoceanographic indicators across the Gauss/Matuyama
boundary at 2.47 Ma: (1) accumulation rates of biogenic sedimentary components increased by an order of
magnitude (Froelich et al., this volume); (2) planktonic 8'%0 values increased by an average of 0.5%c; (3) the
amplitude of the benthic 5'®0 signal increased:; (4) the accumulation rate of ice-rafted detritus increased several fold
(Warnke and Allen, this volume); and (5) carbon isotopic ratios of benthic foraminifers decreased by 0.5%., as did
the 8'*C of the fine-fraction carbonate by 1.5%. (Mead et al., this volume), but no change occurred in planktonic
foraminiferal §'°C values.

Most of these changes are consistent with more frequent expansions and contractions of the PFZ over Site 704
after 2.47 Ma, bringing cold, nutrient-rich waters to 47°S that stimulated both carbonate and siliceous productivity.
The synchronous increase in '®0 values and ice-rafted detritus accumulation in Hole 704A indicates that the 2.4 Ma
paleoceanographic event included ice volume growth on both Antarctica and Northern Hemisphere continents. The
decrease in benthic 8'°C values indicates that the ventilation rate of Southern Ocean deep water decreased and the
nutrient content increased during glacial events after 2.5 Ma. At the Gauss/Matuyama boundary, benthic 8°°C values
of the Southern Ocean shifted toward those of the Pacific end member, indicating a decrease in the relative mixing
ratio of Northern Component Water and Circumpolar Deep Water.

During the early Matuyama (~2.3 to 1.7 Ma), the PFZ generally occupied a southerly position with respect to
Site 704 and carbonate productivity prevailed. Exceptions to these general conditions occurred during strong glacial
events of the early Matuyama (e.g., isotopic stages 82, 78, 74, and 70), when the PFZ migrated to the north and opal
sedimentation predominated at Site 704, At 1.7 Ma, the PFZ migrated toward the equator and occupied a more
northerly position for a prolonged interval between ~1.7 and 1.5 Ma. Beginning at ~1.5-1.4 Ma, surface and bottom
water parameters (5'%0, 8'°C, %CaCO;, and %opal) in the subantarctic South Atlantic became highly correlated
such that glacial events (8'®0 maxima) corresponded to 8'*C and carbonate minima and opal maxima. This pattern
is typical of the correlation found during the latest Pleistocene in the Southern Ocean (Charles and Fairbanks, in
press). This event coincided with increased suppression of Northern Component Water during glacial events after
1.5 Ma (Raymo et al., 1990), which may have influenced the climatology of the Southern Hemisphere by altering the

flux of heat and salt to the Southern Ocean).

INTRODUCTION

The development and intensification of Northern Hemi-
sphere glaciation during the late Pliocene represented the
crossing of a major threshold in the Earth’s ocean-climate
system. Since ~2.4 Ma, the Earth's climate has been in a
glacial mode characterized by over 50 repetitive glacial-
interglacial cycles (Ruddiman et al., 1986b, 1989; Raymo et
al., 1989). Records of ice-rafted detritus and oxygen isotopes
from the North Atlantic indicate that Northern Hemisphere
glaciation developed gradually over several hundred thousand
years during the late Pliocene. Oxygen isotopic records from
the North Atlantic indicate a series of brief §0 maxima
beginning at ~3.1 Ma (Keigwin, 1986), culminating in a 30%
increase in signal amplitude at ~2.4 Ma (Raymo et al., 1989).
It is this date of 2.4 Ma that has been generally accepted as the
onset of Northern Hemisphere glaciation (Shackleton et al.,
1984), but this event is better viewed as an intensification of
ice-sheet growth that permitted extensive ice rafting to be

! Ciesielski, P. F., Kristoffersen, Y., et al., 1991. Proc. ODP, Sci. Results,
114: College Station, TX (Ocean Drilling Program).
2 Department of Geology, University of Florida, Gainesville, FL 32611.

delivered to the open North Atlantic Ocean (Raymo et al.,
1989).

Although this late Pliocene climatic transition is well stud-
ied in the North Atlantic, the event is poorly known from the
Southern Hemisphere. For example, it is uncertain what
proportion of the increase in the 8'80 signal is due to ice
growth on Antarctica and what proportion is attributable to
the expansion of ice sheets on Northern Hemisphere conti-
nents. The paucity of data from the Southern Ocean has been
due mainly to the lack of recovery of minimally disturbed,
carbonate-bearing sequences from the high-latitude Southern
Ocean. On Leg 114 of the Ocean Drilling Program (ODP), we
retrieved a nearly complete Pliocene-Pleistocene sequence of
carbonate-siliceous sediments at Site 704 on the Meteor Rise
in the eastern subantarctic South Atlantic (46°52.8'S,
7°25.3'E). This site is well suited for paleoceanographic study
of the late Pliocene-Pleistocene because of its latitudinal and
bathymetric (2532 m) position, relatively high sedimentation
rates, mixed carbonate-siliceous lithology, and continuous
core recovery by minimal disturbance coring techniques in
two offset holes (704A and 704B).

The stable isotopic and carbonate stratigraphy was pro-
duced for Hole 704A to study the paleoclimatic evolution of
the subantarctic South Atlantic during the late Pliocene and
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Pleistocene. By comparing the Southern Hemisphere results
from Site 704 with existing records from the high-latitude
North Atlantic and other regions, we seek to define the role of
the Southern Ocean in the pronounced climatic changes that
occurred during the late Pliocene and Pleistocene. The rela-
tive chronology of events is important for understanding the
interhemispheric timing of climatic and oceanographic
changes. For example, were climatic events during the late
Pliocene coupled and synchronous between the polar oceans?
Did climate or oceanographic changes in the Southern Hemi-
sphere lead or lag those in the Northern Hemisphere? If the
polar oceans were coupled, what was the mechanism(s) for
interhemispheric feedback? These questions can only be
addressed with high-resolution comparisons of isotopic and
sedimentologic data between the polar oceans. In addition,
comparison of benthic carbon isotopic records between the
Southern Ocean and other basins can provide information
about deep ocean circulation and ventilation rates (Oppo and
Fairbanks, 1987). Because our study of Site 704 is still in
progress, this publication should be considered as a prelimi-
nary report of our findings, and many of our objectives can
only be met with additional work.

SITE LOCATION AND OCEANOGRAPHY

Site 704 is positioned in an area of strong hydrographic
gradients associated with the Antarctic Polar Front Zone
(PFZ) (Fig. 1). The PFZ is defined as the area between the
Subantarctic Front and the Antarctic Polar Front, and its
geographic position generally lies at about 45°S with a latitu-
dinal spread of about 2.5° to either side (Fig. 1; Lutjeharms,
1985). The average width of the PFZ in the eastern subantarc-
tic South Atlantic is 670 km (Lutjeharms, 1985), and it marks
a steep gradient in many hydrographic parameters, including
sea surface temperature, salinity, §'%0, total dissolved inor-
ganic carbon (£XO,), §°C, and nutrient concentrations,
among others.

The proximity of Site 704 to the PFZ suggests that its
sedimentary record should be highly sensitive to past changes
in the position and strength of the PFZ. In regions where
surface sediments are above the carbonate compensation
depth (CCD), the Subantarctic Front coincides with a litho-
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Figure 1. Position of ODP Site 704 in the eastern subantarctic South
Atlantic relative to the major hydrographic fronts (modified after
Lutjeharms, 1985).
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logic boundary separating mixed siliceous/calcareous oozes to
the north from silica-rich facies to the south (Hays et al.,
1976). South of the Antarctic Polar Front, sediments consist of
silty diatomaceous clay with the clay component becoming
progressively dominant to the south (Burckle and Cirilli,
1987).

The sediments of Site 704 consist of varying admixtures of
opal, calcium carbonate, and terrigenous components
(Froelich et al., this volume). Sediments contain abundant and
well-preserved specimens of both calcareous and siliceous
microfossil groups. Sedimentation was controlled by a com-
plex interplay of carbonate and opal production, dilution, and
dissolution. Assuming no changes in carbonate saturation of
the bottom waters, one would expect biogenic silica to dom-
inate when Site 704 was positioned within the PFZ. In
contrast, carbonate should prevail when the PFZ was south of
Site 704. Although the water depth of Site 704 (2532 m) was
above the CCD throughout most of the Neogene, fluctuations
in the lysocline, and hence the carbonate saturation of deep
waters, did affect sediment composition at Site 704.

The PFZ is a region of steep isotopic gradient in surface
equilibrium 80 values of calcite because of the temperature
dependence of the 8'%0 of precipitated calcite. Between 41°
and 60°S, the 880 of equilibrium calcite increases by 3%,
which represents nearly half of the predicted equator to pole
gradient in 8'%0_,;,. (Charles and Fairbanks, 1990). Clearly,
even subtle latitudinal translations of the boundaries of the
PFZ system could produce large changes in the 8%0 . as
recorded by calcareous plankton.

The PFZ also marks a region of steep gradients in the 5'°C
of £CO, of surface water (Kroopnick, 1974). South of the
Antarctic Convergence, deep water with high CO, and nutri-
ents is pumped to the surface. The upwelling of deep water
produces a decrease in the 8°C of 2CO, of surface water
because the component of CO, that is derived from the
respiration of organic matter is depleted in '*C by some
20%0~25%0. Gas exchange between surface water and the
atmosphere is also important for controlling the distribution of
813C of ZCO, in the Southern Ocean. The highest phosphate-
corrected 8C of 2CO, values in the Southern Ocean are
found at ~50°S associated with the Antarctic Polar Frontal
boundary, presumably because persistently high gas-ex-
change rates occur between surface water and the atmosphere
at the PFZ (Charles and Fairbanks, 1990). Carbon isotopic
values rapidly decrease north and south of the northern
boundary of the PFZ.

A vertical salinity profile along a north-south transect
across the Agulhas Basin clearly shows the tongue of high-
salinity Northern Component Water (NCW) as it penetrates
into the circumpolar region, inserts itself into the Circumpolar
Current, and upwells at the Antarctic Divergence (Fig. 2). Site
704 (2532 m) is positioned directly within the mixing zone
between NCW and Circumpolar Deep Water (CPDW). As a
result, the stable isotopic record of benthic foraminifers at Site
704 should be highly sensitive to changes in the relative mixing
ratios of NCW and CPDW in the Southern Ocean (Oppo and
Fairbanks, 1987).

METHODS

Stable Isotopes
About 100 specimens of sinistrally coiled Neogloboquad-
rina pachyderma from the >150-um size fraction of each
sample were analyzed for oxygen and carbon isotopic ratios.
In high-productivity regions, the depth habitat of this species
is thought to include the entire surface mixed layer (Reynolds
and Thunell, 1985). N. pachyderma deposits its test with a
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Figure 2. Vertical salinity profile (contoured in parts per thousand) along a north-south transect (from 38° to 56°S) in the eastern
subantarctic-antarctic sector of the Southern Ocean (modified after Gordon and Molinelli, 1986). Site 704 is located in a mixing zone between
North Atlantic Deep Water (NADW) and Circumpolar Deep Water. Note that the tongue of high-salinity NADW penetrates into the circumpolar
region, inserts itself into the Circumpolar Current, and upwells at the Antarctic Divergence.

constant 0.4%0 offset from the predicted oxygen isotopic
equilibrium of calcite across a temperature range of —1° to
+9°C in the Southern Ocean (Labeyrie et al., 1986; Charles
and Fairbanks, 1990). The 8'*C of N. pachyderma is also out
of isotopic equilibrium from the §'*C of =CO,. In the subant-
arctic South Atlantic, Charles and Fairbanks (1990) found a
constant offset of —1%. between 8°C of N. pachyderma and
81C of ZCO,.

Benthic foraminiferal analyses were made on mixed spe-
cies of Planulina wuellerstorfi, Cibicidoides kullenbergi, and
Cibicidoides spp. from the >150-um size fraction. The
oxygen isotopic disequilibrium between P. wuellerstorfi/C.
kullenbergi and the predicted 80 of equilibrium calcite is
—1.01%¢ to —1.02%¢ (Graham et al., 1981), whereas the
carbon isotopic disequilibrium between P. wuellerstorfi
and/or C. kullenbergi and the 8C of =CO, is near zero
(Graham et al., 1981).

Samples for isotopic analysis were either roasted in vacuo
at 400°C for 1 hr or were treated with hydrogen peroxide to
oxidize organic matter. Paired analyses of roasted and perox-
ide-treated samples showed no significant difference in either
8'%0 or 8"*C values for the two pretreatments. Samples were
then reacted in a common acid bath of orthophosphoric acid at
70°C using a VG Isogas Autocarbonate preparation system.
Isotopic ratios of purified CO, gas were measured on-line with
a triple-collector VG Isogas Precision Isotope Ratio Mass
Spectrometer (PRISM). Isotopic ratios are expressed in stan-
dard delta notation relative to PDB. The calibration of Uni-
versity of Florida reference gas to PDB is given in Hodell et al.
(1989). Analytical precision, estimated by the standard devi-
ation (one sigma) of routine analysis of a powdered carbonate
standard (Carrara Marble), was *0.13%. for &'®0 and

+0.04%o for §'*C. All isotopic results are reported in Tables
1 and 2.

Carbonate Stratigraphy and Sample Spacing

Approximately 1500 samples were measured for carbonate
content in Hole 704A. The methods and tabulation of carbon-
ate and opal analyses are given in Froelich et al. (this volume).
The percent opal content of the sediments is highly inversely
correlated with percent carbonate (Froelich et al., this vol-
ume). The sample spacing for carbonate analyses is about 20
cm throughout the late Pliocene and Pleistocene, and time
resolution varies because of changes in the sedimentation
rate. Temporal spacing is roughly 9000 yr for the Gauss and
Gilbert Chrons, 1200 yr for the early Matuyama (2.47-2.25
Ma), and 3000 yr for the middle and late Matuyama (2.25-1.1
Ma). The sample spacing for planktonic and benthic isotopic
analyses is significantly greater than that of carbonate, which
makes comparison of the isotopic and carbonate data difficult
in some intervals.

STRATIGRAPHY

The stratigraphic framework adopted herein is based on
identification of magnetic polarity reversal boundaries by
Hailwood and Clement (this volume) and their respective ages
from Berggren et al. (1985). The correct identification of the
Gauss/Matuyama boundary in Hole 704A is critical to this
study because it is the datum level that is used for the
correlation of events between Site 704 and other sites in the
North Atlantic. The Gauss/Matuyama boundary has been
placed at the polarity reversal at 168.72 m below seafloor
(mbsf) in Hole 704A (Hailwood and Clement, this volume).
Because this level falls at the core break between Cores
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114-704A-18X and 114-704A-19X, it is likely that some time is
missing at the boundary.

Different microfossil groups provide conflicting biostrati-
graphic results with respect to the placement of the Gauss/
Matuyama boundary. The results from radiolarians suggest
that the boundary should occur higher in the section (i.e.,
above 168.72 mbsf). For example, the first-appearance datum
(FAD) of Cycladophora davisiana (dated at 2.6 Ma) occurs at
158 mbsf, whereas the last-appearance datums (LADs) of
Desmospryis spongiosa and Helothus vema (dated at 2.45 Ma)
occur between 148.9 and 150.3 mbsf.

In contrast, the diatom datum levels support placement of
the Gauss/Matuyama boundary at 168.72 mbsf. These datum
levels were determined by quantitative analyses of species
abundances in several Southern Ocean sections, including
piston cores E50-33 and 10 7-6 and Deep Sea Drilling Project
(DSDP) Site 514 (Miiller et al., this volume). These levels
include the last abundant appearance datum (LAAD) of more
than 5% of Nitzschia weaveri (170 mbsf; 2.63 Ma), the LAAD
(10%) of Cosmiodiscus insignis (168.39 mbsf; 2.49 Ma), and
the LAAD (10%) of Coscinodiscus vulnificus (141 mbsf; 2.29
Ma). In Hole 704A, the LAAD of N. weaveri (2.63 Ma) occurs
2-3 m below the placement of the Gauss/Matuyama bound-
ary. The LAAD of C. insignis (2.49 Ma) is virtually synchro-
nous with the Gauss/Matuyama boundary. This species is
common to dominant in the late Gauss Chron and abruptly
disappears with only rare to sparse occurrences in the early
Matuyama (Ciesielski, 1983; Miiller et al., this volume).
Finally, the LAAD of C. vulnificus (2.29 Ma) occurs about 28
m above the Gauss/Matuyama boundary. All diatom datum
levels are consistent with placement of the Gauss/Matuyama
boundary at 168.72 mbsf.

If the Gauss/Matuyama boundary does not occur at 168.72
mbsf, the only other possibility in the polarity record is at the
top of a normal event that was identified between ~153.5 and
144 mbsf in the shipboard whole-core magnetic data of Hole
704A (see Fig. 10B of Hailwood and Clement, this volume).
Subsequent discrete paleomagnetic measurements from this
interval indicate reversed polarity, however. In addition, the
placement of the Gauss/Matuyama boundary above 168.72
mbsf creates a poor correlation between the magnetic polarity
sequence in Hole 704A and the geomagnetic polarity time
scale. For lack of convincing evidence to the contrary, we
accept the working hypothesis that the Gauss/Matuyama
boundary occurs at 168.72 mbsf in Hole 704A.

Age and depth levels are plotted for each of the identified
polarity reversals in Figure 3. Sedimentation rates across the
Gauss/Matuyama boundary increased by almost one order of
magnitude, from ~18 m/m.y. during the late Gauss to 100
m/m.y. during the early Matuyama. On average, sedimenta-
tion rates were about 3 to 4 times greater after 2.47 Ma than
before. Such rapid changes in the sedimentation rate are not
uncommon for the Southern Ocean because the northern
boundary of the PFZ marks a region of high productivity of
both calcareous and siliceous microfossils that results in high
fluxes of biogenic material to the seafloor. Because of high
sedimentation rates, the early Matuyama of Site 704 is highly
expanded and temporal resolution is high for paleoclimatic
studies of the late Pliocene.

RESULTS

Although core recovery was high at Site 704 (98.7% in the
upper 180-m interval in Hole 704A), missing sections at core
breaks, double-cored intervals, and compressed and/or ex-
panded sections are still common with the advanced piston
corer and extended core barrel systems even under ideal
conditions (Ruddiman et al., 1986a). Because the two offset
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Figure 3. Age vs. depth plot for polarity reversal boundaries identified
in Hole 704A by Hailwood and Clement (this volume). Sedimentation
rates, in meters per million years, are given alongside selected
segments. The Gauss/Matuyama boundary (2.47 Ma) is placed at
168.72 mbsf. The sedimentation rate increases across this boundary
from ~18 m/m.y. in the latest Gauss to 100 m/m.y. in the early
Matuyama. This increase reflects higher rates of production of bio-
genic calcite and opal as the PFZ migrated over Site 704 more
frequently during the Matuyama than during the Gauss Chron.

Holes 704A and 704B were cored at Site 704, the potential
exists for obtaining a complete composite section by combin-
ing data from both holes, but correlation of these holes will
have to await completion of carbonate analyses from Hole
704B (Froelich et al., this volume). Recognizing these short-
comings, we have plotted all parameters vs. sub-bottom depth
in Hole 704A and have not converted to a composite depth or
age scale. The positions of core breaks have been indicated on
most figures. For ease of presentation and discussion, the
isotopic and carbonate results are plotted in 30-m segments
beginning at 190 mbsf. Because of the soupy, disturbed nature
of the upper 40 m in Holes 704A and 704B and the lack of an
adequate chronology, we present these data in table format
only.

190-160 mbsf

The interval from 190 to 160 mbsf spans the latest Gilbert
through early Matuyama Chrons from ~3.5 to 2.4 Ma (Fig. 4).
The Gauss Chron was marked by significant variation in
oxygen isotopes and carbonate content (Fig. 4). Two impor-
tant carbonate minima occurred at 182.5 (~3.2 Ma) and 175.5
mbsf (~2.85 Ma). Three distinct benthic §'®0 maxima oc-
curred during the Gauss (indicated by triangles on Fig. 4), with
estimated ages of 3.16, 3.0, and 2.88 Ma, respectively.

Across the Gauss/Matuyama boundary at 168.72 mbsf (2.47
Ma), planktonic 80 values increased by an average of
~0.5%¢ (Fig. 4) whereas the benthic §'®0 signal increased by
~0.25%¢ on average. Benthic §'®0 values commonly exceeded
3.5%e¢ during the early Matuyama, whereas they only
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Figure 4. Oxygen isotopic results of planktonic (N. pachyderma) and benthic (Cibicidoides) foraminifers
and carbonate stratigraphy between 190 and 160 mbsf in Hole 704A. Core breaks are numbered; glacial
events are indicated in the benthic oxygen isotopic record by triangles. The abrupt changes that occurred
across the Gauss/Matuyama boundary (2.47 Ma) include an increase in average planktonic 5'80 values and
an increase in the amplitude of the benthic §'%0 signal.

exceeded this value once during the Gauss, at 2.85 Ma (Fig.
4). The carbonate record did not change markedly at 168 mbsf,
although sediments were generally lower in carbonate (i.e.,
higher in opal) during the Matuyama (average 42.7%) than
during the Gauss (72.7%; Fig. 4).

At the Gauss/Matuyama boundary, benthic carbon isotopic
values decreased by an average of 0.5% and remained offset
during much of the Matuyama Chron (Fig. 5). In contrast, the
planktonic 8'*C signal showed no net change at 2.47 Ma (Fig.
5). This resulted in an increase in the surface to deep gradient
in 8"*C values between planktonic and benthic foraminifers. In
Figure 5, the benthic and planktonic 83C scales were offset
from one another to avoid overlap during the Gilbert and
Gauss Chrons, when 8C values averaged ~0.5%00.6%o for
both records. After 2.47 Ma, planktonic and benthic carbon
isotopic values were naturally offset from one another largely
because of the decrease in benthic §C values.

160-130 mbsf

Across the Gauss/Matuyama boundary, sedimentation
rates increased abruptly by almost an order of magnitude in
Hole 704A, resulting in a highly expanded early Matuyama
interval (Fig. 3). Variations occurred in isotopic and carbonate
composition of the sediments, and exceptionally large varia-
tions began at 150 mbsf (Fig. 6). Two distinct carbonate
minima are centered at 149 and 142 mbsf. These events
correspond to maxima in planktonic 8'®0 values, and the
upper carbonate minimum (142 mbsf) corresponds to a maxi-
mum in benthic 8§80 values. No benthic analyses could be
obtained from the lower carbonate minimum (149 mbsf) be-
cause of the absence of Cibicidoides. The correlation between
8'®0 and percent carbonate suggests a typical ‘‘Atlantic-type”’
carbonate stratigraphy. The two carbonate minima correlate

to two strong glacial events during the lower Matuyama,
probably corresponding to isotopic stages 78 and 82.

During the early Matuyama, the amplitude of the benthic
813C signal is distinctly greater than the planktonic one (Fig.
7). The minima in benthic §"*C values correspond with max-
ima in the benthic 880 record and minima in the carbonate
record (Figs. 6 and 7). A ~0.4%. increase in average plank-
tonic 8"3C values at 139 mbsf is not observed in the benthic
record.

130-100 mbsf

The interval from 130 to 100 mbsf is estimated to span
~1.9 to 1.7 Ma. The polarity reversal stratigraphy is ambig-
uous for this interval, with discrete sample measurements
suggesting sporadic normal polarity between 128 and 89
mbsf. This interval probably represents all or part of the
Olduvai Subchron, which suggests that the section is highly
expanded. As a result of the paleomagnetic uncertainties,
the polarity reversal stratigraphy is not plotted for this
interval (Fig. 8).

Distinct glacial-interglacial cycles are recognizable through-
out this interval where planktonic and benthic §'®0 signals are
generally covariant (Fig. 8), although the planktonic 80 record
exhibits higher frequencies than the benthic one. We hesitate to
correlate isotopic events to the isotopic zonation of Raymo et al.
(1989) until a higher resolution benthic §'*0 record is obtained.
The carbonate content is generally high between 126 and 102
mbsf (2.2-1.9 Ma) with the exception of a double-spiked mini-
mum between 115 and 112 mbsf (Fig. 6). This carbonate low
coincides with a pronounced maxima in planktonic and benthic
8'80 values indicating a strong glacial event (stage 70) and typical
Atlantic-type carbonate stratigraphy. Benthic carbon isotopic
ratios show high-amplitude variations throughout this interval
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Figure 5. Carbon isotopic results of planktonic (N. pachyderma) and benthic
(Cibicidoides) foraminifers between 190 and 160 mbsf in Hole 704A. Benthic §*C
values decrease at the Gauss/Matuyama boundary.
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Figure 6. Oxygen isotopic results of planktonic (N. pachyderma) and benthic (Cibicidoides) foraminifers
and carbonate stratigraphy between 160 and 130 mbsf in Hole 704A. Core breaks are numbered. The
strong minima in %CaCO, centered at 149 and 142 mbsf probably correspond to isotopic stages 82 and 78,
respectively.
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Figure 7. Carbon isotopic results of planktonic (N. pachyderma) and
benthic (Cibicidoides) foraminifers between 160 and 130 mbsf in Hole
704A. The minima in benthic §'C values correspond with maxima in
the 880 record (Fig. 6).

with 8C minima corresponding to §'®0 maxima (i.e., glacial
events; Fig. 9).

100-70 mbsf

This section is estimated to span the time interval between
~1.7 and 1.4 Ma (Fig. 10). The top of the Olduvai Subchron
has been placed at 87.4 mbsf by Hailwood and Clement (this
volume). Planktonic and benthic 80 variations are generally
covariant with the long depth spacing of the glacial-interglacial
fluctuations, suggesting a high sedimentation rate for this
interval. The carbonate content is relatively low between 100
and 80 mbsf with the exception of a distinct maximum at 85
mbsf (probably stage 59). The increase in carbonate content at
80 mbsf (~1.5 Ma; Fig. 10) is coincident with an increase in
planktonic and benthic §'80 values. The planktonic and
benthic 8'*C records are generally parallel during this interval
with a distinct increase at 80 mbsf (Fig. 11), coinciding with
increased carbonate content (Fig. 10).

70-40 mbsf

The interval from 70 to 40 mbsf extends from ~1.4 to 1.0
Ma, based on tentative correlation to the oxygen isotopic
zonation of Ruddiman et al. (1989). Beginning at 70 mbsf
(~1.4 Ma), all parameters exhibit a series of high-frequency
fluctuations that are highly correlated with one another (Fig.
12). Planktonic and benthic 8'®0 signals are covariant and are
inversely correlated with carbonate fluctuations. Oxygen iso-
topic maxima (i.e., glacial events) correspond to carbonate

minima (opal maxima), which is typical of an Atlantic-type
carbonate stratigraphy.

Between 70 and 40 mbsf, planktonic and benthic §"C
variations are positively correlated (Fig. 13), although the
amplitude of the benthic signal is greater than the planktonic
one. Carbon isotopic fluctuations are inversely correlated with
oxygen isotopic variations (Figs. 12 and 13) such that glacial
intervals are marked by minima in 8"°C values.

DISCUSSION

Gauss Chron (3.4-2.47 Ma)

At DSDP Site 606, Keigwin (1986) identified brief maxima
in benthic 8'80 during the late Gauss at 3.1, 2.7, and 2.6 Ma
and interpreted them as temperature and/or ice volume events
that preceded the major intensification of Northern Hemi-
sphere glaciation at 2.4 Ma. Curry and Miller (1990) also found
at least two 8'80 enrichments prior to the increase at 2.4 Ma.
In Hole 704A, three prominent benthic §'%0 maxima occurred
at 3.16, 3.0, and 2.88 Ma during the Gauss (Fig. 4), but further
refinement of the chronology is needed before these events
can be correlated with other records.

Ciesielski and Grinstead (1986) identified the latest Gauss
(2.68-2.47 Ma) as the time of greatest change in Neogene
climate in the northern antarctic and subantarctic regions. At
Site 514 in the western subantarctic South Atlantic, the latest
Gauss was marked by several northward advances of the PFZ
(maximum advances at 2.86, 2.79, 2.67, and 2.58-2.47 Ma), as
recorded by changes in radiolarian assemblages (Ciesielski
and Grinstead, 1986). Accumulation of ice-rafted detritus was
also high during the late Gauss, with a maximum accumulation
of 200 mg/cm?10? yr at ~2.67 Ma (Bornhold, 1983). From this
evidence, Ciesielski and Grinstead (1986) concluded that
major latest Gauss climatic cooling in the Southern Ocean
preceded the first glacial maximum in the North Atlantic at
2.37 Ma (Shackleton et al., 1984).

Sites 704 (47°S) and 514 (46°S) are at similar latitudes, and
the chronologies of both sites are based on magnetostratigra-
phy. At Site 704, the most abrupt changes in isotopic and
sedimentologic parameters did not occur in the late Gauss, but
rather occurred at the Gauss/Matuyama boundary at 2.47 Ma
(Fig. 4). This suggests that either the latest Gauss is missing in
Hole 704A or migrations of the PFZ occurred earlier in the
western subantarctic South Atlantic than in the east. The
latter hypothesis requires further testing by direct correlation
of changes in diatom and radiolarian assemblages between
these sites and by refinement of the isotope chronology at Site
704. It is likely that several hundreds of thousands of years of
the late Gauss are missing at the break between Cores
114-704A-18X and 114-704A-19X.

Gauss/Matuyama Boundary (2.47 Ma)

Across the Gauss/Matuyama boundary, several important
changes occurred in the sedimentologic and isotopic parameters
of Hole 704A. Sedimentation rates increased markedly from 18
m/m.y. in the late Gauss to 100 m/m.y. in the early Matuyama
(Fig. 3). This represents almost an order of magnitude increase in
the flux of biogenic material to the sediments (Froelich et al., this
volume). Although the proportion of opal to carbonate did not
change abruptly at the Gauss/Matuyama boundary (Fig. 4),
average percentages of biogenic silica were greater during the
Matuyama than during the Gauss (Froelich et al., this volume).
This increase in biogenic accumulation rates at 2.47 Ma is
interpreted as reflecting increased productivity of surface waters
as the PFZ migrated near Site 704.

At 2.47 Ma, planktonic 8'80 values increased by an average
of 0.5%. (Fig. 4). The planktonic 80 record is controlled
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Figure 8. Oxygen isotopic results of planktonic (N. pachyderma) and benthic (Cibicidoides) foraminifers
and carbonate stratigraphy between 130 and 100 mbsf in Hole 704A. Core breaks are numbered. The
interval is estimated to span 1.9 to 1.7 Ma within the early Matuyama Chron.

both by temperature changes associated with migrations of
sea surface isotherms and compositional changes in the §'%0
of seawater from variations in global ice volume. In the
modern South Atlantic, the 8'®0 of Neogloboquadrina pachy-
derma from core tops increases by 3%. between 41° and 60°S,
reflecting the large temperature gradients associated with the
PFZ (Charles and Fairbanks, 1990). As a result, any transla-
tion in the frontal boundary of the PFZ will produce measur-
able changes in the planktonic 880 record. The increase in
planktonic 8'"®0 values across the Gauss/Matuyama boundary,
therefore, reflects both a northward advance of the PFZ and
an increase in global ice volume. Faunal data also indicate a
northward shift of Antarctic microfossil assemblages in the
South Atlantic sector of the Southern Ocean at 2.47 Ma
(Ciesielski and Grinstead, 1986; Abelman and Gersonde,
1990).

Across the Gauss/Matuyama boundary, the amplitude of
the benthic §'80 signal increased, indicating greater intensity
of glacial-interglacial cycles (Fig. 4). Raymo et al. (1989)
reported an increase in glacial intensity between 2.4 and 2.3
Ma, when the ice volume signal increased to about two-thirds
that of the late Pleistocene. At Site 607, this event consists of
three prominent §'®0 maxima designated as stages 100, 98,
and 96. These stages are probably absent at Hole 704A
because of a hiatus or nonrecovery in the gap between Cores
114-704A-18X and 114-704A-19X. Future sampling and isoto-
pic analysis of Hole 704B within this interval may reveal
whether these important isotopic stages are present.

At Hole 704A, the climatic transition at 2.47 Ma is also
marked by an increase in the accumulation of ice-rafted
detritus (Warnke and Allen, this volume). This increase prob-
ably reflects both an increase in the delivery of ice-rafted
debris from the glacial erosion of Antarctica (Warnke and
Allen, this volume) and a migration of the northern boundary
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of the PFZ. Because the rate of melting of tabular icebergs
increases at the Subantarctic Front, an increase in the accu-
mulation of ice-rafted detritus is expected as the Subantarctic
Front migrated closer to Site 704.

An important problem in investigating the late Pliocene
climate is the relative fraction of the ice growth on Antarctica vs.
the Northern Hemisphere at 2.4 Ma. Warnke and Allen (this
volume) interpreted the increase in ice-rafted detritus accumu-
lation at 2.47 Ma as representing the marine equivalent of the
Sirius till. They suggested that this event marked the beginning
of the delivery of voluminous ice-rafted detritus to the Southern
Ocean by large, wet-based continental ice sheets. This major
increase in the size of the Antarctic ice sheet may have been
responsible for the overriding of the Transantarctic Mountains
(Mayewski, 1975; Denton et al., 1984; Prentice et al., 1986). If
the increase in ice-rafted detritus is interpreted to represent an
Antarctic ice volume increase, then the global increase found in
planktonic and benthic §'®0 signals over the Gauss/Matuyama
boundary must reflect ice growth in both the Northern and
Southern hemispheres.

In the North Atlantic, the inception of ice-rafted sediment
is diachronous with latitude. In the Norwegian Sea, the first
large pulse of ice-rafted detritus and the onset of repetitive
glacial events began at 2.56 Ma (Jansen et al., 1990). Farther
south at Sites 607, 609, and 552, only minor amounts of
ice-rafted detritus are found before 2.4 Ma (Raymo et al.,
1989), and the first major pulse of ice-rafted detritus occurred
at 2.4 Ma (stage 100). If the chronology in Hole 704A is
correct, increased accumulation of ice-rafted detritus appears
to have been synchronous between the subantarctic and the
open North Atlantic.

One hypothesis proposes that Antarctic ice sheets reached
their maximum configuration during the late Gauss and were
unable to expand further because they had reached sea level
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Figure 9. Carbon isotopic results of planktonic (N. pachyderma) and
benthic (Cibicidoides) foraminifers between 130 and 100 mbsf in Hole
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(Ciesielski and Grinstead, 1986). With the expansion of ice
sheets in the Northern Hemisphere, sea level was gradually
lowered and allowed ice advance in the Southern Hemisphere
along the Antarctic marine margins and interior thickening
because of decreased drawdown (Ciesielski and Grinstead,
1986). Thus, Northern and Southern hemisphere ice volumes
were coupled and fueled by interhemispheric feedback
through sea level (Ciesielski and Grinstead, 1986). Future
correlation of oxygen isotopic chronologies between Sites 607
and 704 will allow us to evaluate the relative timing of
ice-rafting history between the polar oceans and to determine
if lead or lag relationships exist between the hemispheres over
the Gauss/Matuyama boundary.

Another pronounced change that occurred at 2.47 Ma was
an abrupt decrease in benthic §*C values by 0.5%. (Fig. 4).
Unlike the benthic record, carbon isotopic values of N.
pachyderma showed no change at 2.47 Ma (Fig. 4). As a
result, the carbon isotopic gradient between benthic and
planktonic foraminifers increased markedly after 2.47 Ma.
Surprisingly, the 83C of fine-fraction carbonate (assumed to
be mostly coccolithophorids) also decreased by ~1.5%c across
the Gauss/Matuyama boundary, which is similar to the
benthic signal but unlike the planktonic foraminiferal record
(Mead et al., this volume).

Because both coccolithophorids and planktonic foramini-
fers inhabit surface water, it is perplexing as to why fine-
fraction 8"*C should decrease and that of planktonic foramin-
ifers should not. The increase in the accumulation rates of

carbonate and silica across the Gauss/Matuyama boundary
points to an increase in upwelling and productivity as the PFZ
migrated over Site 704. Increased upwelling of “C-depleted
carbon from deep waters would be expected to decrease the
8'3C of the surface water carbon pool and should be reflected
by both coccoliths and planktonic foraminifers. In Holocene
sediments underlying regions of upwelling, an inverse rela-
tionship has been reported between the 8°C of nannofossils
and foraminifers (Goodney et al., 1980). Data from core tops
show a large negative excursion in coccolith 8*C values,
whereas a positive excursion occurs in the §"*C of planktonic
foraminifers between 10° and 18°S in the tropical Indian
Ocean. High rates of primary productivity may antithetically
effect the carbon isotopic disequilibrium of carbonate-secret-
ing phytoplankton and zooplankton, perhaps due to the influ-
ence of upwelling on growth and metabolic rate (“‘vital ef-
fects'"). Alternatively, N. pachyderma may live deeper in the
water column than coccolithophorids and sample a different
dissolved carbon pool (see Mead et al., this volume, for more
complete discussion of this topic). The apparent divergence in
the planktonic foraminiferal and fine-fraction 8"*C signals over
the Gauss/Matuyama boundary remains enigmatic.

We assume that the decrease in benthic 8°C values at 2.5
Ma represents a decrease in the average 8"°C of the ZCO, of
deep waters at Site 704. Today Site 704 is positioned at a water
depth of 2532 m in a mixing zone between NCW (temperature
= 2.5°C, salinity = 34.94%., 6°C = 1.08%c) and CPDW
(temperature = 0.62°C, salinity = 34.71%0, 8"°C = 0.43%o)
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Figure 10. Oxygen isotopic results of planktonic (N. pachyderma) and benthic (Cibicidoides) foraminifers
and carbonate stratigraphy between 100 and 70 mbsf in Hole 704A. Core breaks are numbered. The
interval from 100 to 80 mbsf (~1.7-1.5 Ma) is marked by relatively low carbonate (and high opal) values.

(Fig. 2). The decrease in benthic 8C values at 2.47 Ma
indicates that the ventilation rate of deep waters at Site 704
was reduced, and that deep waters were generally more
nutrient enriched and oxygen depleted during the Matuyama
than during the Gauss.

There are several alternative interpretations for the ob-
served benthic 8"°C decrease at the Gauss/Matuyama bound-
ary. First, an increase in productivity of the Southern Ocean
could have increased the rain rate of organic carbon to the
deep sea, and oxidation of this isotopically depleted carbon
would have led to a decrease in 8"C values of CPDW. The
increase in sediment-accumulation rates in Hole 704A sup-
ports high productivity beginning at 2.47 Ma. Increased
productivity and carbon pumping from surface to deep water
is expected to be recorded by an increase in the surface to
deep 8VC gradient. An increase in the C gradient is
observed between planktonic and benthic foraminifers at
2.47 Ma (Fig. 4), but is not apparent between the fine
fraction (i.e., coccoliths) and benthic foraminifers, yielding
disparate results.

An alternative, and preferred, interpretation is that the
decrease in benthic 8'*C values reflects a change in the relative
mixing ratio of NCW and CPDW. Oppo and Fairbanks (1987)
proposed that the relative flux of NCW could be monitored by
8"C changes in the Southern Ocean, where the high 83C of
NCW (~1%c) mixes with the low 8'°C of CPDW (~0.4%.). Site
704 occupies an ideal position from which to monitor the
relative fluxes of these water masses (Fig. 2).

To examine this problem, we compared &7C records
(corrected to Planulina wuellerstorfi) from Southern Ocean
Site 704, North Atlantic Hole 552A, and Pacific Core V28-179
(Fig. 14). Today, a 1%. to 1.5%0 gradient in 8°C between the
Atlantic and Pacific reflects the progressive oxidation of
organic carbon (depleted in *C by some 25%0) as deep water
flows from the North Atlantic via the Circumpolar Current
toward the North Pacific. The Southern Ocean 8"*C values are
intermediate between the North Atlantic and Pacific, re-
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flecting the contribution of recirculated Pacific Deep Water
and NCW.

Prior to 2.47 Ma, a 8 C gradient similar to the modern one
existed between the North Atlantic, Southern Ocean, and
Pacific (Fig. 14). The North Atlantic had the highest §C
values, the Southern Ocean had intermediate values, and the
Pacific had the lowest values. After 2.4 Ma, Southern Ocean
8C values at Site 704 decreased abruptly and approached
those of Pacific Core V28-179 (Fig. 14).

The shift in benthic 83C values at Site 704 at 2.47 Ma
suggests that the deep waters of the southeast Atlantic
became more like those in the Pacific in their chemistry. This
could result from changing the mixing ratios between NCW
and CPDW at Site 704 either by reducing the relative
production rate of NCW or by increasing the relative flux of
CPDW. To a great extent, the position of the NCW/CPDW
mixing zone in the subantarctic South Atlantic is controlled
by the position of the Antarctic Circumpolar Current and the
PFZ. With progressive cooling and rapid northward migra-
tion of the PFZ at 2.47 Ma, the mixing zone between NCW
and CPDW may have moved north causing §'*C values to
decrease toward the Pacific end member. However, moving
this interface north by 10° of latitude today would only result
in a ~0.3%. decrease in 8"3C, suggesting that this process
cannot account for the total benthic 8C shift observed at
the Gauss/Matuyama boundary.

We prefer the interpretation that the contribution of NCW
to the Southern Ocean was reduced at 2.47 Ma or that the
chemical characteristics of NCW were altered at this time. At
2.47 Ma, the 8"*C gradient between the Southern Ocean and
Pacific decreased, but the North Atlantic/Pacific '*C gradient
remained the same (Fig. 14). The consistently high benthic
8'3C values at Site 552 in the North Atlantic suggest that NCW
was being produced during the Matuyama (Shackleton et al.,
1984), but the rate of production may have been less than
today and its penetration into the Atlantic and Southern
Ocean was weakened (Raymo et al., 1990).
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Other studies also point to reduced rates of NCW produc-
tion during the Matuyama relative to the Gauss. Jansen et al.
(1988) found that sediments of the Norwegian Sea were
dominated by extreme carbonate dissolution during much of
the Matuyama. The calcite dissolution was interpreted as the
result of high bottom water CO, suggesting sluggish deep-
water ventilation rates of the Norwegian-Greenland Sea dur-
ing the Matuyama (Jansen et al., 1988). In the eastern Atlantic
Hole 655A (4746 m), Curry and Miller (1990) found lowered
benthic 8°C values and increased preservation of organic
matter during enriched '80 intervals of the late Pliocene. They
concluded that the equatorial Atlantic Ocean was dominated
in the Pliocene by deep water that originated in the Southern
Ocean and had chemical properties similar to those of deep
waters in the Pacific Ocean. Raymo et al. (1990) reached
similar conclusions by comparison of Atlantic/Pacific §°C
gradients over the past 2.5 Ma. These results are consistent
with the carbon isotopic data from Site 704, suggesting that
NCW production was suppressed and that the ventilation rate
of the deep Atlantic was reduced during glacial intervals of the
late Pliocene after 2.5 Ma.

Early Matuyama (2.47-1.4 Ma)

Two prominent glacial events are apparent in the early
Matuyama of Hole 704A at 149 and 142 mbsf. These events
are marked by maxima in §'®0 values, minima in carbonate,
and maxima in opal content of the sediments (Froelich et al.,
this volume). The two events correlate to isotopic stages 82
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Figure 11. Carbon isotopic results of planktonic (N. pachyderma) and
benthic (Cibicidoides) foraminifers between 100 and 70 mbsf in Hole
TO4A.

and 78, which represent strong glacial events dated at 2.027
and 1.941, respectively (Raymo et al., 1989). Support for this
correlation comes from identification of a normal polarity
event between 153.5 and 144 mbsf in the shipboard whole-core
magnetic data of Hole 704A (Hailwood and Clement, this
volume). Assuming that this represents the Réunion Event,
with age boundaries of 2.04 and 2.01 Ma, isotopic stages 82
and 78 fit well into this chronology. The carbonate and opal
data suggest that the PFZ moved to the north of Site 704
during these prominent glacial events of the early Matuyama.

Between ~1.9 and 1.7 Ma (140-105 mbsf), the PFZ occu-
pied a southerly position relative to Site 704, as indicated by
the persistently high carbonate content (low opal) (Fig. 8).
Two exceptions were brief northerly advances of the PFZ,
which are marked by low carbonate values at 130-127 and
117-114 mbsf. These events probably correspond to strong
glacial episodes associated with isotopic stages 74 (1.862 Ma)
and 70 (1.782 Ma), respectively.

At ~1.7 Ma (102 to 98 mbsf; Fig. 10), the PFZ migrated north
again, as evidenced by decreasing carbonate and increasing
biogenic silica in the sediments (Froelich et al., this volume) and
by the increased abundance of diatoms that indicate upwelling
(Fenner, this volume). The interval between 1.65 and 1.52 Ma
(98 and 80 mbsf) represents a time when the PFZ occupied a
prolonged northerly position and the southern boundary of the
PFZ (i.e., the Antarctic Front) was nearest to Hole 704A.
Common to dominant occurrences of the diatom Thalassiosira
nitzschoides throughout this interval indicate upwelling condi-
tions within the PFZ (Fenner, this volume).

The abundance of ice-rafted detritus decreased abruptly at
1.65 Ma (98 mbsf; Warnke and Allen, this volume), which may
indicate that the zone of most rapid melting of icebergs was
located north of Site 704. Alternatively, Warnke and Allen
(this volume) suggested that the low abundance of ice-rafted
debris in sediments younger than 1.65 Ma was caused by a
changed in the style of glaciation on Antarctica from *‘wet-
based'” ice sheets in the early Matuyama (2.47-1.65 Ma) to
“‘dry-based’’ conditions during the late Matuyama (1.56—0.98
Ma). They proposed that modern polar conditions developed
at this time and that Antarctica became a desert with large
polar ice sheets that have little erosive power.

Late Matuyama (1.4-1.1 Ma)

Beginning at ~1.4 Ma (70 mbsf), all isotopic and sedimen-
tologic parameters begin to respond in a regular cyclical
fashion (Figs. 12 and 13). Planktonic and benthic §'%0 signals
covary and correspond with carbonate/silica fluctuations with
a typical Atlantic-type correlation (Fig. 12). Planktonic and
benthic carbon isotopes also covary such that minima in "*C
correspond with §'®*0 maxima (Fig. 13). This is typical of the
pattern observed in the late Pleistocene of the Southern Ocean
(Charles and Fairbanks, 1990).

It is intriguing why such a tightly coupled correlation
between the Northern and Southern hemispheres developed
at 1.4 Ma and not previously. One possibility is that the PFZ
reached a critical position in the subantarctic South Atlantic
from which glacial advances brought the PFZ north of Site 704
and interglacial retreats moved it south of 47°S. Prior to this
time, the PFZ may have exhibited less variability in its
position, maintaining a position of longer duration either north
or south of Site 704. As a result, the surface water signal was
damped. Alternatively, the intensity of glacial-interglacial
cycles and translation of the PFZ may have increased at ~1.4
Ma, but no increase in amplitude is observed in the oxygen
isotopic record of Site 607 in the North Atlantic at this time
(Ruddiman et al., 1989).
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Figure 12. Oxygen isotopic results of planktonic (N. pachyderma) and benthic (Cibicidoides) foraminifers
and carbonate stratigraphy between 70 and 40 mbsf in Hole 704A (1.4 to 1.0 Ma). Core breaks are
numbered. Note the high inverse correlation between planktonic and benthic 8'%0 and %CaCO;. Low
carbonate during glacial events is typical of an Atlantic-type carbonate stratigraphy.

Raymo et al. (1990) suggested that glacial suppression of
North Atlantic Deep Water (NADW) intensified after 1.5 Ma,
and this possibly resulted in a tighter coupling of the Northern
and Southern hemisphere climate. Increasing and decreasing
the production rate of NADW on glacial-interglacial time
scales may act as an interhemispheric link by altering heat and
salt transport to the Southern Hemisphere. In the modern
Southern Ocean, upwelling of warm deep water derived from
the North Atlantic is important for retreat of Antarctic sea ice
during the spring and for the basal thinning of ice shelves. A
reduction in NADW, therefore, would be expected to result in
an increase in the northward extent of seasonal sea ice and the
position of the PFZ.

CONCLUSIONS

1. The Gauss/Matuyama boundary (2.47 Ma) represented a
time of major paleoceanographic change in the Southern
Ocean. The northward migration of the PFZ at this time
resulted in increased upwelling and biological productivity.
This is reflected by a tenfold increase in biogenic sediment-
accumulation rates and by an increase in the importance of
opal in the sediments within the Matuyama (Froelich et al.,
this volume).

2. At 2.47 Ma, mean planktonic and benthic 60 values
increased, signaling an increase in continental ice volume.
This oxygen isotopic increase is coincident with a marked
increase in the accumulation of ice-rafted detritus (Warnke
and Allen, this volume), indicating that ice volume increased
in both the Northern and Southern hemispheres at ~2.4 Ma.

3. Benthic carbon isotopic values indicate that the ventila-
tion rate of Southern Ocean deep water decreased signifi-
cantly during glacial events after 2.47 Ma. Benthic carbon
isotopic values of the Southern Ocean shifted toward the
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Pacific end member at this time, implying a decrease in the
relative mixing ratio of NCW and CPDW.

4, Between 2.3 and 1.7 Ma, the PFZ generally occupied a
southerly position with respect to Site 704 except during
strong glacial stages (82, 78, 74, and 70) when the PFZ
migrated north. Between 1.7 and 1.5 Ma, the PFZ generally
occupied a more northerly position and opal sedimentation
prevailed at Site 704.

5. Between 1.4 and 1.0 Ma, the subantarctic South Atlantic
surface and bottom water parameters (8'%0, 8'3C, %CaCO,,
and %opal) were correlated with variations in Northern Hemi-
sphere ice volume. Carbonate stratigraphy exhibits a typical
Atlantic-type pattern in which glacial intervals (high §'®0) are
correlated with carbonate minima (opal maxima). The onset of
tighter coupling between the Northern and Southern hemi-
sphere climate between 1.5 and 1.4 Ma may have been related
to increased suppression of NADW during glacial events after
1.5 Ma (Raymo et al., 1990).
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Figure 14, Carbon isotopic records (corrected for species fractionation to Plan-
ulina wuellerstorfi) from Hole 552A (North Atlantic), Site 704 (Southern Ocean),
and Core V28-179 (Pacific). Between 3.5 and 2.5 Ma, Southern Ocean Site 704
83C values are intermediate between those of the North Atlantic and Pacific, but
generally plot closer to the North Atlantic end member. At 2.5 Ma, Site 704 §'*C
values decrease abruptly and shift toward the Pacific end member. This change is
interpreted as representing a decrease in the mixing ratio of Northern Component
Water and Circumpolar Deep Water in the Southern Ocean during the Matuyama
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Table 1. Oxygen and carbon isotopic results of the planktonic foraminifer Neogloboquadrina pachyderma (sinistral) from ODP Site 704.

Core, section, Depth 8130 SBC Core, section, Depth 3180 SBC

interval (cm) {mbsf) (Voo PDB) {¥ae PDB) interval (cm) (mbsf) (Va0 PDB) (%0 PDB)
114-7T04A- 5H-3, 50-52 39.21 248 0.74
1H-1, 40-42 0.41 3.03 0.43 5H-3, 50-52 39.21 248 0.78
1H-1, 76-80 0.78 3.35 0.46 5H-3, B0-82 39.51 2.67 0.54
1H-1, 108-112 1.10 2.86 0.67 5H-4, 20-22 40,41 2.75 052
1H-2, 4042 1.91 2.59 0.33 5H-4, 50-52 40.71 269 0.90
1H-2, 108-112 261 2.01 —0.46 5H-5, 20-22 41.91 298 0.7
1H-2, 115-117 2.66 228 0.57 5H-5, 50-52 4221 2.57 1.05
1H-3, 40-42 i 247 0.26 5H-5, 8082 42.51 2.82 0.70
1H-3, 76-80 3.78 1.98 -0.43 5H-5, 110-112 42.81 285 0.71
1H-3, 108-112 4.09 243 0.37 5H-5, 140-142 43.11 2.72 0.79
1H-4, 40-42 491 =17 1.00 5H-6, 19-23 4341 2.69 1.03
1H-4, 76-80 528 2.63 0.50 5H-6, 50-52 43.71 325 0.52
1H-4, 108-112 5.60 221 0.81 5H-6, 80-82 44.01 3.15 0.57
1H-4, 123-127 5.75 207 043 5H-6, 110-112 44.31 3.30 0.23
1H-5, 19-23 6.21 237 0.70 5H-6, 140-142 44.61 296 0.54
1H-5, 40-42 6.41 3.03 043 5H-7, 20-22 44.90 2.68 023
1H-5, 40-42 6.41 222 0.56 5H-7,CC 45.25 2.32 0.83
1H-5, 76-80 6.78 2.19 0.75 6H-1, 19-21 45.40 2.15 0.69
1H-5, 108-112 7.10 2.58 0.95 6H-1, 54-56 45.70 29 0.70
2H-1, 40-42 7.61 2.05 0.89 6H-1, 84-86 46.10 224 0.82
2H-1, B0-84 8.02 213 0.49 6H-1, 119-121 46.40 254 0.73
2H-1, RO-84 8.02 2.50 0.27 6H-2, 19-21 46.90 264 0.86
2H-1, 130-134 8.52 313 0.61 6H-2, 54-56 47.25 2.83 0.76
2H-2, 40-42 9.11 kWi | 1.08 6H-2, 84-86 47.55 2.82 0.64
2H-3, 40-42 10.61 345 0.38 6H-2, 90-92 47.61 2.39 0.75
2H-3, 130-134 11.52 334 0.53 6H-2, 105-107 47.76 257 0.69
2H-3, 130-134 11.52 3136 0.53 6H-2, 120-124 47.90 2.39 0.75
2H-4, 80-84 12.52 221 0.18 6H-2, 140-142 48.11 2.50 0.98
2H-4, 8084 12.52 243 0.58 6H-2, 4-6 48.25 2.50 0.66
2H-4, 130-134 13.02 3.05 0.65 6H-3, 19-21 48.40 2.52 1.06
2H-4, 130-134 13.02 333 0.00 6H-3, 54-56 48.75 2.58 1.06
2H-5, 40-42 13.61 2.53 0.74 6H-3, 84-86 49.05 3.52 0.20
2H-5, B0-84 14.02 242 0.81 6H-3, 105-107 49.26 3.59 0.21
2H-5, 130-134 14.52 2.88 0.89 6H-4, 19-21 49.90 362 0.37
2H-6, 40-42 15.11 2,75 0.24 6H-4, 34-36 50.05 3.37 0.22
2H-6, 80-84 15.52 3.26 0.23 6H-4, 54-56 50.25 343 0.14
2H-6, 130-134 16.02 3.06 -0.13 6H-4, 85-87 50.55 3.40 049
2H-7, 40-42 16.61 344 -0.18 6H-4, 105-107 50.76 3.51 0.17
3H-1, 26-30 16.98 330 0.12 6H-4, 140-142 5111 3.29 033
3H-1, 80-84 17.52 3.06 0.26 6H-5, 19-21 5140 2.68 0.96
3H-1, B0-84 17.52 312 0.30 6H-5, 54-56 51.75 222 039
3H-2, 26-30 18.48 235 0.69 6H-5, 8486 52.05 317 0.19
3H-2, 80-84 19.02 226 0.81 6H-5, 105-107 5226 3.38 0.19
3H-2, 115-117 19.36 235 0.89 6H-5, 140-142 52.61 3.07 0.64
3H-3, 26-30 19.98 230 0.90 6H-6, 15-17 52.86 2.50 0.77
3H-3, 80-84 20.52 247 0.71 6H-6, 19-21 52.90 279 0.76
3H-3, 115-117 20.86 2.28 0.96 6H-6, 54-56 53.25 263 0.97
3H-4, 115-117 22.36 315 0.16 6H-6, 84-86 53.55 249 0.86
3H-5, 26-30 22.98 2.83 0.37 6H-6, 105-107 53.76 239 1.03
3H-5, 110-112 23.81 2.64 -0.07 6H-6, 130-134 54.02 253 1.09
3H-5, 80-84 23.52 2.81 0.68 6H-6, 140-142 54.11 241 0.85
3H-5, 115-117 23.86 282 0.46 6H-7, 19-21 54.40 2.55 0.78
3H-6, 26-30 24,48 2.72 043 6H-7, 54-56 54.75 237 0.75
3H-6, 80-84 25.02 2719 0.44 TH-1, 59-61 55.30 294 023
3H-6, 115-117 25.36 279 0.40 TH-1, 90-92 55.61 297 023
5H-1, 20-22 3591 243 0.27 TH-1, 119-121 55.90 2.87 0.29
5H-1, 50-52 36.21 238 0.38 TH-2, 10-12 56.31 3.19 0.45
5H-2, 20-22 3741 249 042 TH-2, 29-31 56.50 326 0.16
5H-2, 50-52 3771 278 0.59 TH-2, 59-61 56.80 3.28 0.42
5H-2, B0-82 38.01 240 0.35 TH-2, 90-92 57.11 3.7 0.66
5H-3, 20-22 3891 2.69 0.61 7H-2, 119-121 57.41 221 0.85
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Table 1 (continued).

Core, section, Depth Blso SBC
interval (cm) (mbsf) (%20 PDB) (¥ PDB)
TH-3,2-6 57.74 253 0.98
TH-3, 10~12 57.81 2.36 0.67
7H-3, 29-31 58.00 2.28 0.55
7H-3, 59-61 58.30 2.84 0.28
TH-3, 90-92 58.61 2.82 0.28
TH-3, 119-121 58.90 3.15 0.22
TH-4, 10-12 59.31 3.16 0.37
TH-4, 29-31 59.50 3.03 0.61
TH-4, 59-61 59.80 294 0.95
TH-4, 90-92 60.11 2.70 0.91
TH-4, 119-]121 60.40 242 091
TH-5, 2-6 60.74 2.44 1.00
TH-5, 10-12 60.81 222 0.89
TH-5, 29-31 61.00 2.50 0.71
TH-5, 59-61 61.30 27 0.29
TH-5, 90-92 61.61 2.76 0.28
7H-5, 119-121 61.90 i 0.29
TH-6, 2-6 62.24 3.38 0.60
TH-6, 10-12 62.31 3.24 0.33
TH-6, 29-31 62.50 3.24 0.48
TH-6, 50~-52 62.71 3.22 0.46
7H-6, 90-92 63.11 3.13 0.22
TH-7,2-6 63.74 3.17 0.55
8H-1, 29-31 64.50 2.13 0.79
8H-1, 80-82 65.01 1.57 0.72
BH-1, 110-112 65.31 1.92 0.20
8H-1, 139-141 65.60 2.78 0.49
8H-2, 29-31 66.00 3.25 0.45
8H-2, 50-52 66.21 342 0.60
8H-2, 110-112 66.81 2,88 1.05
8H-2, 139-141 67.10 224 0.93
8H-3, 30-32 67.51 211 0.95
8H-3, 47-49 67.68 2.08 0.71
8H-3, 80-83 68.01 3.74 0.64
8H-3, 110-113 68.31 3.54 0.52
8H-3, 139-141 68.60 344 0.69
8H-4, 30-32 69.01 284 1.17
8H-4, 50-52 69.21 225 0.73
8H-4, 80-82 69.51 271 0.40
BH-4, 83-85 69.54 2.85 0.53
BH-4, 110-112 69.81 343 0.44
8H-4, 139-141 70.10 3.57 0.44
8H-5, 30-32 70.51 329 0.65
8H-5, 50-52 70.71 3.17 0.50
8H-5, B0-82 71.01 331 0.93
8H-5, 110-112 71.31 3.05 0.85
8H-5, 139-141 71.60 2.87 0.87
8H-6, 1-3 7191 343 0.32
8H-6, 1-3 71.91 3.05 0.41
8H-6, 30-32 72.01 3.01 0.92
8H-6, 50-52 72.21 297 1.35
8H-6, 80-82 TS 272 1.24
8H-6, 110-112 72.81 291 0.97
9H-1, 50-52 74.21 319 0.90
9H-1, 80-82 74.51 2.76 1.13
9H-1, 110-112 74.81 2.70 1.31
9H-1, 140142 75.11 2.65 1.15
9H-2, 50-52 75.1 2.67 0.90
9H-2, 80-82 76.01 2.89 0.99
9H-2, 110-112 76.31 282 0.84
9H-2, 140-142 76.61 2.38 0.46
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Table 1 (continued).

Core, section,  Depth 50 5 C
interval (cm)  (mbsf) (%o PDB) (%, PDB)
9H-3,20-22 7691 2.73 0.83
9H-3, 50-52 7721 2.73 091
9H-3, 80-82 7151 2,69 121
9H-3,110-112 7781 2.29 0.56
9H-3, 140-142 T8.11 3.01 1.23
9H-4,20-22 7841 246 087
9H-4, 50-52 7871 236 124
9H-4, 80-82 79.01 210 0.58
9H-4, 110-112 7931 247 0.68
9H-5,20-22 79.91 2.70 0.16
9H-5, 50-52 8021 3.10 0.26
9H-5, 80-82 80.51 326 0.03
OH-5,110-112 8081 328 034
OH.5,140-142  8LI1 3.14 027
9H-6, 50-52 81.71 342 0.04
9H-6, 80-82 82,01 325 0.09
9H-6,110-112 8231 3.25 0.01
9H-7,20-22 8291 330 0.14
10H-1, 19-21 83.40 337 081
10H-1, 50-52 8371 3.09 038
10H-1, 79-81 84.00 317 0.49
10H-1,109-111 8430 294 0.80
10H-2, 19-21 84.90 294 0.34
10H-2, 50-52 8521 205 0.00
10H-2, 79-81 85.50 238 0.79
10H-2,109-111 8580 235 0.18
10H-3,20-22 86.41 262 0.70
10H-3, 50-52 86.71 259 -0.01
10H-3, 79-81 87.00 247 -025
10H-3,109-111 8730 2.64 0.19
10H-4, 19-21 87.90 2.56 0.14
10H-4, 50-52 88.21 243 -0.11
10H-4, 79-81 88.50 2.56 0.14
10H-4, 109-111  88.80 3.08 0.25
10H-5, 19-21 §9.40 2.76 0.20
10H-5, 50-52 89.71 3.03 022
10H-5, 79-81 90,00 3.05 0.18
10H-6, 19-21 90.90 2.81 0.67
10H-6, 50-52 9121 2.69 032
10H-6, 79-81 91.50 2.52 0.44
1OH-6, 109-111 91.80 248 0.29
10H-7, 19-21 92.40 3.60 0.00
10H-7, 45-47 92.66 297 0.18
11H-1,20-22 9291 277 0.80
10H-7, 79-81 93.00 279 054
11H-1, 50-52 9321 251 095
11H-1, 80-82 93.51 236 0.46
11H-1, 110-112 93.81 2.51 0.99
11H-1, 140142 94.11 2.14 0.65
11H-2, 50-52 9471 201 037
11H-2, 80-82 95.01 2.03 110
11H-2, 110-112 9531 289 033
11H-2, 140-142 95.61 2.96 0.41
11H-3,20-22 9591 270 0.13
11H-3, 50-52 9621 295 030
11H-3, 80-82 96.51 298 055
11H3, 110112 96.81 278 0.08
11H-3, 140-142  97.11 267 003
11H-4, 20-22 97.41 2.87 0.17
11H-4,50-52 97.71 2.38 0.53
11H-4, 8082 98.01 2.23 032
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Table 1 (continued). Table 1 (continued).
18 13 18 13
Core, section,  Depth 5 0 5 C Core, section,  Depth 5§ 0 8 C
interval (cm)  (mbsf) (%, PDB) (%0 PDB) interval (em)  (mbsf) (% PDB) (%0 PDB)
11H-4, 114-116  98.35 227 0.43 13H-4, 80-82 117.01 2.61 0.67
11H4, 140-142 9861 3.26 0.69 13H4, 110-112  117.31 221 0.69
11H-5,20-22 98.91 2.54 0.83 13H-4, 140-142  117.61 2.07 0.55
11H-5, 50-52 99.21 2.76 0.78 13H-5, 20-22 117.91 2.47 028
11H-5, 80-82 99.51 2.55 0.79 13H-5, 50-52 11821 2.94 0.52
11H-5,110-112  99.81 2.74 0.76 13H-5, 80-82 118.51 274 022
11H-6, 80-82 101.01 2.61 0.98 13H-5, 110-112  118.81 2.89 0.80
11H-5, 140-142  100.11 2.63 0.94 13H-5, 140-142  119.11 2.69 0.56
11H-6, 20-22 100.41 2.55 0.90 13H-6, 50-52 119.71 2.54 0.58
11H-6, 50-52 100.71 2.61 0.79 13H-6, 80-82 120,01 226 0.96
11H-6,110-112  101.31 247 0.76 13H-6, 110-112  120.31 1.64 0.24
11H-6, 140-142 10161 245 0.47 13H-6, 140-142  120.61 2,08 0.78
11H-7, 24-26 101.95 2.65 0.60 13H-7, 20-22 12091 2.12 0.86
12H-1,20-22 102.41 228 0.57 13H-7, 50-52 121.21 2.15 0.89
12H-1, 50-52 102.71 2.50 0.26 14H-1, 20-22 121.41 2.78 0.63
12H-1, 80-82 103.01 2.81 0.53 14H-1, 50-52 121.71 275 0.89
12H-1,110-112 10331 2.92 0.38 14H-1, 80-82 122.01 2.80 0.81
12H-1, 140-142  103.61 249 0.35 14H-1, 109-111  122.30 232 0.73
12H-2, 20-22 103.91 2.36 0.65 14H-1, 139-141 122.60 237 0.62
12H-2, 50-52 104.21 3.25 0.22 14H-2, 20-22 122.91 2.83 0.48
12H-2, 80-82 104.51 3.21 0.36 14H-2, 50-52 123.21 252 0.46
12H-2,110-112 10481 2.78 0.34 14H-2, 80-82 123.51 2.60 0.61
12H-2, 140-142  105.11 2.66 046 14H-2,109-111  123.80 273 0.84
12H-3, 20-22 105.41 2.16 0.37 14H-2, 139-141  124.10 229 0.73
12H-3, 50-52 105.71 2.29 0.17 14H-3, 20-22 124.41 2.52 0.48
12H-3, 80-82 106.01 246 0.63 14H-3, 4044 124.62 3.14 0.95
12H-3, 110-112  106.31 2.51 0.79 14H-3, 50-52 124.71 2.72 0.55
12H-3, 140-142  106.61 2.19 0.81 14H-3, 50-52 12471 2.99 0.66
12H-4, 20-22 106.91 2.94 0.43 14H-3, 80-82 125.01 229 0.89
12H-4, 50-52 107.21 2.62 0.81 14H-3, 109-111 12530 2.36 0.64
12H-4, 80-82 107.51 246 0.52 14H-3, 139-141 125.60 2.41 0.87
12H-4, 110112 107.81 2.58 1.01 14H-4, 20-22 125.91 2.76 0.80
12H-4, 140-142  108.11 1.96 0.87 14H-4, 4044 126.12 3.18 0.99
12H-5, 20-22 108.41 2.04 0.65 14H-4, 50-52 126.21 3.00 0.78
12H-5, 50-52 108.71 2.17 0.76 14H-4, 80-82 126.51 2.52 0.73
12H-5, 80-82 109.01 232 0.72 14H4, 109-111  126.80 242 0.84
12H-5,110-112 10931 232 0.46 14H-4, 139-141  127.10 217 034
12H-6, 20-22 109.91 2,61 0.37 14H-5, 20-22 127.41 2.75 0.35
12H-6, 50-52 11021 237 0.45 14H-5, 4044 127.62 3.34 0.73
12H-6, 80-82 110.51 2.60 0.49 14H-5, 50-52 127.71 247 0.76
12H-6, 110-112  110.81 245 046 14H-5, 109-111  128.30 2,76 0.73
12H-6, 140-142 11111 2.54 0.62 14H-5, 139-141  128.60 2.65 0.53
13H-1, 20-22 11191 261 0.48 14H-6, 20-22 128.91 247 0.47
13H-1, 50-52 11221 2.90 0.32 14H-6, 4044 129.12 3.00 0.66
13H-1, 80-82 112.51 3.36 0.12 14H-6, 50-52 129.21 3.08 0.37
13H-1, 95-99 112.67 3.63 0.53 14H-6, 8082 129.51 2.76 0.48
13H-1, 110-112  112.81 3.23 0.22 15H-1,20-22 130.91 2,40 0.67
13H-1, 140-142  113.11 3.37 0.27 15H-1, 20-22 13091 2.91 0.73
13H-2, 20-22 113.41 249 0.51 15H-1, 50-52 131.21 273 0.92
13H-2, 50-52 113.71 2.90 0.36 15H-1, 80-82 131.51 2.84 1.01
13H-2, 80-82 114.01 3.19 0.12 15H-1, 110-112  131.81 2.74 0.66
13H-2, 95-99 114.17 3.64 0.55 15H-1, 137-139 132,08 2.76 0.58
13H-2, 110-112  114.31 3.29 0.16 15H-1, 137-139 132,08 271 1.05
13H-2, 140-142  114.61 3.23 0.20 15H-2, 20-22 132.41 2.69 1.03
13H-3, 20-22 114.91 2.98 0.48 15H-2, 50-52 13271 2.63 0.83
13H-3, 50-52 115.21 3.00 0.59 15H-2, 80-82 133.01 2.51 0.78
13H-3, 80-82 115.51 2.61 0.40 15H-2, 110-112  133.31 2.38 0.88
13H-3,110-112 11581 1.92 —-0.02 15H-2, 140-142 13361 243 0.86
13H-3, 140-142 11611 2.03 0.34 15H-3,20-22 133.91 2.55 115
13H-4, 20-22 116.41 2.06 —0.06 15H-3, 50-52 134.21 2,58 1.20
13H-4, 50-52 116.71 3.03 0.39 15H-3, 8082 134.51 272 1.20
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Table 1 (continued).

Core, section, Depth 8]30 §]3C
interval (cm) (mbsf) (% PDB) (¥ PDB)
15H-3, 110112 134.81 239 0.85
15H-3, 140-142 135.11 239 0.59
15H-4, 20-22 13541 273 0.69
15H-4, 50-52 135.71 245 1.03
15H-4, 80-82 136.01 275 0.74
15H-4, 110-112 136.31 2.64 0.94
15H-4, 140-142  136.61 3.0 091
15H-5, 20-22 136.91 242 0.94
15H-5, 50-52 137.21 2.89 0.67
15H-5, 80-82 137.51 2.67 0.90
15H-5, 110-112 137.81 2.63 0.86
I5H-6, 110-112  137.81 2.59 0.99
15H-6, 20-22 138.41 229 0.59
15H-6, 50-52 138.71 2.55 0.58
15H-6, 80-82 139.01 2.20 043
15H-6, 80-82 139.01 2.50 0.65
15H-6, 110-112  139.31 223 0.32
15H-6, 140-142 139.61 243 0.38
15H-7, 20-22 13991 2.24 0.32
15H-7, 50-52 140.21 2.83 -0.07
16H-1, 22-26 140.44 2.70 0.67
16H-2, 19-23 141.91 3.27 0.08
16H-2, 28-42 142.05 331 0.22
16H-2, 117-121 142,89 2.71 0.66
16H-3, 3-7 143.25 2.96 0.78
16H-3, 43-47 143.65 2.83 0.19
16H-3, 64-67 143.85 298 0.57
16H-3, 70-74 143.92 348 0.28
16H-3, 80-82 144.01 3.14 -0.03
16H-3, 95-99 14417 2.54 0.69
16H-3, 110112 144,31 2.23 0.59
16H-3, 130-134  144.52 2.58 0.69
16H-3, 144-146 144.65 2.61 0.36
16H-4, 20-22 14491 2.74 0.57
16H-4, 50-52 145.21 2.56 0.53
16H-4, 70-74 145.42 2,88 0.70
16H-4, 80-82 145.51 2.60 0.58
16H-4, 94-98 145.66 2.56 0.88
16H-4, 110-112 14581 225 0.36
16H-4, 144-146  146.15 3.18 0.15
16H-5, 20-22 146.41 253 0.76
16H-5, 50-52 146.71 2.19 0.69
16H-5, 70-74 146,92 2.58 0.92
16H-5, 80-82 147.01 2.32 0.42
16H-5,110-112  147.31 2.19 0.60
16H-5, 144-146  147.65 2.54 0.73
16H-6, 20-22 147.91 2.34 0.31
16H-6, 50-52 148.21 299 0.28
16H-6, 70-74 148.42 3.02 0.00
17X%-1,3-7 149.75 3.10 0.19
17X-1, 20-22 149.91 2.50 0.47
17X-1, 36-40 150.08 272 0.66
17X-1, 50-52 150.21 2.77 0.65
17X-1, 63-67 150.35 3.27 0.03
17X-1, 70-74 150.42 343 0.13
17X-1, 8082 150.51 3.25 =0.11
17X-1, 93-97 150,65 2,63 0.65
17X-1, 125-129 15097 2,63 0.63
17X-1, 135-137 151.07 2.53 0.63
17X-2,3-7 151.25 2.70 0.70
17X-2, 20-22 151.41 2.49 0.57

Table 1 (continued).

Caore, section, Depth 8 ISO a”c
interval (cm) (mbsf) (%a0 PDB) (%0 PDB)
17X-2, 33-37 151.55 2.58 0.77
17X-2, 50-52 151.71 243 0.84
17X-2, 63-67 151.85 2.17 0.71
17X-2, 70-74 151.92 2.59 0.63
17X-2, 80-82 152.01 2.58 0.56
17X-2, 95-99 152.17 2.84 0.52
17X-2,110-112 15231 297 0.23
17X-2,119-123  152.41 296 0.41
17X-2, 140-142 152,61 248 0.92
17X-3,3-7 152.75 2.49 1.25
17X-3, 20-22 15291 2.96 0.72
17X-3,20-22 15291 2.55 0.59
17X-3, 3741 153.09 2.40 0.99
17X-3, 64-68 153.36 275 L11
17X-3, 70-74 153.42 3.15 0.95
17X-3, 80-82 153,51 27 0.82
17X-3, 110-112  153.81 292 0.50
17X-3,126-130  153.98 2.83 0.94
17X-3, 140-142 154,11 2.46 0.76
17X-4, 3-7 154.25 2.56 0.93
17X-4,20-22 154.41 234 0.69
17X-4, 50-52 154.71 2.82 0.84
17X-4, 63-67 154.85 298 0.74
17X-4,70-74 154,92 327 0.77
17X-4, 80-82 155.01 2.87 0.53
17X-4,110-112 15531 2.80 043
17X-4, 126-130  155.48 2.57 0.72
17X-4, 140-142  155.61 2,46 0.62
17X-5, 20-22 155.91 2.68 0.31
17X-5, 33-37 156.05 292 0.56
17X-5, 50-52 156.21 3.06 0.22
17X-5, 63-67 156.35 2.61 0.95
17X-5, 70-74 156.42 2.66 0.98
17X-5, 80-82 156.51 241 0.77
17X-5, 96-100 156.68 2.76 0.82
17X-5, 110112 156.81 2.77 048
17X-5, 127-131 15699 234 0.91
17X-5, 140-142 157,11 2.53 0.88
17X-6, 3-7 157.25 251 0.72
17X-6, 20-22 157.41 2.88 0.23
17X-6, 27-31 157.49 3.05 0.55
17X-6, 50-52 157.71 2.51 0.57
17X-6, 62-66 157.84 2.87 0.77
17X-6, 70-74 157.92 2.79 0.76
17X-6, 80-82 158.01 2.59 0.59
17X-6, 110-112  158.31 273 0.90
17X-6, 128-132 15850 2.40 0.92
17X-6, 140-142  158.61 217 0.65
17X-CC, 10-14 158,82 2.56 0.64
18X-1, 20-22 159.41 2.50 0.52
18X-1, 28-32 159.50 2.68 0.66
18X-1, 50-52 159.71 291 0.45
18X-1, 61-63 159.82 2.81 0.75
18X-1, 70-74 159.92 2.58 0.87
18X-1, 76-78 159.97 247 0.49
18X-1, 96-100 160.18 2.75 0.68
18X-1, 140-142  160.61 2.70 0.33
18X-2,3-7 160,75 243 0.81
18X-2, 15-19 160.87 259 0.88
18X-2, 28-32 161.00 2.79 0.68
18X-2, 50-52 161.21 2.81 0.66
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Table 1 (continued). Table 1 (continued).

18 13
Coresecion,  Deph 50 s e () e  C0PDB)  (aPDB)
interval (cm)  (mbsf) (%, PDB) (%, PDB)
19X-2,33-37 17055 2.19 0.74
18X-2, 61-65 161.33 3.10 0.51 19X-2, 46-50 170.68 212 073
1852, 70-14 il ad0 031 19X-2, 50-52 170.71 227 0.54
18X2,76-78  161.47 3.14 0.16 Yo toE 1o Py g
18X-2,86-90 16158 258 0.87 WEATEE A500E o o
18X-2, 110112 16151 232 0.44 OxGoEsl YIS i it
ME2H3-123 6L — 060 19X-2, 110-112 17131 222 0.56
18X-2, 140-142  162.11 241 0.87 BRI 4 — —
A1 162.23 455 0.79 19X-2, 140-142  171.61 2.11 0.69
:2:‘;‘ iﬁi :22‘;:} i':: g‘ts_; 19X3,50-52 17221 263 115
18X-3,50-52 16271 2.76 0.53 s i R o s
19X-3,82-86  172.54 246 0.74
18X-3,61-65  162.83 2.83 0.70 SeibiE  ine s he
::;: ;2_’;: ::;::: ;g: g'z 19X-3, 112-116 172,84 2.38 0.87
- 19X-3,128-132  173.00 2.36 083
152-3,86-2% 163,08 275 0.63 19X-3, 140-142  173.11 2.05 0.67
18X-3, 110112 16331 2.95 0.46 SR ik — — i
18X-3, 128-132 163.50 2.68 0.72 19X-4,20-22 173.41 1.85 0.34
18X-3, 140-142  163.61 2.83 0.57 WEkiiE 8% Say e
18X-4, 37 163.75 2.83 0.76 e S — . o
18X4,20-22 16391 253 021 et i 6
18X4,32-36  164.04 2.88 0.64 it e o 16
:iii iﬁi ::'i; ;‘:_}: :?: 19X4,86-90  174.08 241 112
; : : 19X4, 110-112 17431 234 0.51
12496-18 1644 235 0.98 19X-4, 124-128  174.46 275 074
laxany 1688 i 118 19X-4, 140-142 17461 204 0.60
18X-4, 110-112 16481 3.01 0.88 195, 1.5 i wih s
15X 1-5 1625 2.58 L37 19X-5, 20-22 174.91 2.29 0.33
sk = 26 19X-5, 4244 175.13 270 0.68
18X-5,20-22 16541 236 122 s e g g
18X-5,22-26  165.44 2.63 127 Gxsde sl Pt 2
18X-5,35-39 16557 2.56 115 OSSN TR o "
1S53 18371 i L0o 19X-5,98-102 17571 2.83 0.43
Iis.a-6 1052 280 0.92 19X-5, 123-127 17595 225 0.64
1R T0:28 10592 2% A5 19X-5, 140-142  176.11 2.30 0.40
18X-5,76-78  165.97 291 017 19X.6, 1.5 vl 2% sy
mien Wi miws ma i
:sx-S: 127-131 166:49 2:63 1:03 g s e s
it e = b 19X-6,50-52 17671 2.19 0.93
: 19X-6,60-62 17681 1.98 071
s 167 #80 add 19X-6,74-78  176.96 212 092
::’;: igi ;zﬁ i‘:? g':‘li 19X-6,93-97 17715 233 0.99
e 0ol o . 19X-6,110-112 17731 223 0.54
" : : 4 19X-7, 37 177.75 238 0.63
18X-6,68-70  167.39 2.80 -0.08 EETIal T a2 o8
18X-6,70-74 16742 330 037 s e s 538 s
18X-6,88-92  167.60 2,66 069 Pl Wi Sigs o
18X-6, 110-112 167.81 2.60 0.49 20X-1, 20-22 178.41 1.89 0.45
1Bx-CC 18628 = 0.58 20X-1,27-31 17849 216 092
19X-1, 6-10 168.78 2.80 0.90 NRANGIE  THE o -
19X-1,20-22 16891 279 037 Smeverse i i i
19X-1,33-37  169.05 2.89 0.38 rgnpiak g S
19X-1,50-52 16921 221 0.55 MELOLIE WG s o
19%-1,60-62 15931 220 054 20X-1,110-112 17931 2.89 0.84
PELTT 1046 add 0.97 20X-1,123-127 17945 205 0.77
19X-1,87-91  169.59 247 0.74 ST M A s 01
19X-1, 110112 169.81 202 0.53 iy 7 o5
:z:'i ' :z:ig :_?2':": ig g'::’ 20X-2,3-7 179.75 242 081
19x-1: 143-147 170:15 2:33 0.55 s kel 23 i
19X-2, 1-5 170.23 233 069 A aF i et i
' ) ’ ’ 20X-2, 46-48 180.17 225 0.52
92,2022 170.41 224 0.45
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Core, section,  Depth 570 5'3c

interval cm)  (mbsf) (%, PDB) (%o PDB)
20X-2, 6367 180.35 235 0.86
20X-2, 80-82 180.51 2.41 0.60
20X-2,98-102  180.70 224 0.78
20X-2,123-127 18095 2.65 0.62
20X-2, 143-144  181.14 247 0.87
20X-3, 20-22 181.41 227 0.54
20X-3, 33-37 181.55 243 0.89
20X-3, 46-48 181.67 2.16 0.69
20X-3, 62-66 181.84 2.17 0.84
20X-3, 68-72 181.90 2.18 0.77
20X-3, 80-82 182.01 222 0.73
20X-3, 94-98 182.16 221 1.03
20X-3,110-112 18231 1.91 0.51
20X-3,3-7 181.25 2.33 0.80
20X-3,121-123 18242 225 0.67
20X-4, 8-12 182.80 2.76 0.74
20X-4, 28-32 183.00 221 0.89
20X-4, 46-48 183.17 2.06 0.80
20X-4, 62-66 183.34 1.95 0.77
20X-4, 80-82 183.51 1.90 0.45
20X-4, 95-99 183.67 228 0.69
20X-4, 113-117 183.85 1.92 0.80
20X-4, 140-142 18411 232 0.52
20X-4, 142-146 184.14 1.74 071
20X-5,3-7 184,25 1.92 0.85
20X-5, 20-22 184.41 1.95 0.59
20X-5, 36-40 184.58 1.97 0.65
20X-5, 62-66 184.84 231 1.07
20X-5, 80-82 185.01 1.82 0.60
20X-5, 95-99 185.17 1.74 0.80
20X-5,110-112 18531 1.92 0.83
20X-5,124-128  185.46 2,08 0.87
20X-5,140-142 18561 2.50 0.81
20X-6, 3-7 185.75 2.13 0.83
20X-6, 22-26 185.94 1.78 0.70
20X-6, 4244 186.13 1.99 0.76
20X-6, 62-66 186.34 2.18 0.719
20X-6, 80-82 186.51 1.75 0.57
20X-6, 110-112  186.81 1.40 0.66
20X-6, 140-142  187.11 2.08 0.50
20X-7,3-7 187.25 1.88 0.90
20X-7, 2022 187.41 1.75 0.33
21X-1,28-32 188.00 1.90 0.71
21X-1,44-46 188.16 1.98 0.45
21X-1, 44-46 188.16 1.77 0.53
21X-1, 110-112 188.81 2.44 0.39
21X-2, 4547 189.66 2.00 0.57
21X-2,110-112 190.31 2.24 0.45
21X-3, 45-47 191.16 1.88 0.42
21X-3, 80-82 191,51 2.02 0.60
21X-3,110-112 19181 1.92 0.62
21X-4,28-32 192.50 1.87 0.55
21X-4, 45-47 192.66 2.89 0.74
22X-1,20-22 197.41 1.92 0.53
22X-1,110-112 198.31 1.75 1.04
23X-1, 110-112 207.81 1.94 0.36
23X-1, 140-142  208.11 1.70 0.66
23X-2, 20-22 208.41 1.54 0.41
23X-2, 80-82 209,01 1.95 052
23X-2, 110-112 209,31 1.84 0.46
23X-2, 140-142  209.61 1.55 0.78

Table 1 (continued).

18 3

Core, section, Depth &5 0 8§ C

interval (cm) (mbsf) (%o PDB) (%0 PDB)
23X-3, 140-142 21111 1.74 0.80
23X4,110-112  212.31 1.37 0.23
23X-4,110-112 21231 1.89 0.69
23X-5,20-22 212.91 1.65 0.76
24X-1,20-22 216.41 1.59 0.64
24X-1,68-72 216.90 2.27 0.87
24X-1, 88-90 217.09 1.93 0.48
24X-1, 110-112 21731 1.80 0.66
24X-1, 140-142  217.61 207 0.53
24X-2,110-112  218.81 1.82 0.60
24X-4, 68-72 221.40 1.86 0.60
24X-4, 140-142 222,11 1.59 0.77
24X-5, 20-22 22241 1.79 0.70
24X-5, 8890 223.09 1.50 1.05
25X-1, 80-82 226.51 1.43 0.56
25%-1, 110-112  226.81 1.89 0.57
25X-4,110-112 23131 213 0.53
25X-6, 20-22 23341 3.04 -0.06
114-704B-
1H-1, 30-32 0.31 2.81 0.03
1H-1, 60-62 0.61 3.00 0.19
1H-1, 89-91 0.90 2.96 0.74
1H-1, 120-122 1.21 2.64 0.59
1H-2, 30-32 1.81 2.18 0.53
1H-2, 60-62 2.11 227 -0.17
1H-2, 89-91 2.40 297 052
1H-2, 120-122 271 2.66 0.73
1H-2, 150152 3.02 3.08 0.45
1H-3, 4446 3.45 2.53 0.57
1H-4, 73-75 524 2.06 0.54
1H-4, 141-143 5.92 225 1.04
1H-5, 19-21 6.20 1.54 0.79
1H-5, 44-46 6.45 1.58 1.09
2H-1,7-9 6.78 1.73 1.01
2H-1, 46-48 7.13 2.83 0.91
2H-1, 107-109 7.78 1.81 1.26
2H-1, 142-144 8.13 3.58 043
2H-2, 60-62 8.81 284 0.98
2H-2, 121-123 9.42 2.99 1.01
2H-2, 150-152 9.72 27 0.80
2H-3, 17-19 9.88 294 0.77
2H-3, 61-63 10.32 2.98 0.69
2H-3, 139-141 11.10 2.76 093
2H-4, 16-18 11.37 2.80 0.74
2H-4, 55-57 11.76 27 0.86
2H-4, 98-100 12.19 2.67 0.74
2H-4, 137-139 12.58 3.30 0.26
2H-5, 14-16 12.85 347 0.34
2H-5, 54-56 13.25 341 0.18
2H-5, 96-98 13.67 3.49 0.05
2H-5, 136-138 14.07 3.19 0.00
3H-1, 21-23 16.41 314 0‘2?
3H-1, 60-62 16.81 331 037
3H-1,95-97 17.15 3.28 0.37
3H-1, 140-142 17.61 33 0.44
3H-2,21-23 17.91 2.19 1.01
3H-2, 60-62 1831 2.06 0.98
3H-2,95-97 18.65 225 0.98
3H-2, 140-142 19.11 2.19 1.02
3H-3, 21-23 19.41 1.94 1.01



STABLE ISOTOPIC AND CARBONATE STRATIGRAPHY, LATE PLIOCENE AND PLEISTOCENE

Table 1 (continued). Table 1 (continued).
18 3 s €]

Core, section,  Depth 50 5 C Core, section,  Depth 50 5 C

interval (cm) (mbsf) (% PDB) (%20 PDB) interval (cm) (mbsf) (% PDB) (%0 PDB)
3H-3, 60-62 19.81 209 1.02 4H-5, 3842 32.10 247 0.57
3H-3,95-97 20.15 3.14 0.66 4H-5,70-72 3241 2.88 0.64
3H-3, 140-142 20.61 3.08 0.56 4H-5, 105-107 32.76 3.17 0.36
3H4, 20-22 2091 313 0.56 4H-5, 120-122 3291 3.7 0.51
3H-4, 20-22 20.91 3.06 0.56 4H-5, 145-147 33.16 2.86 0.16
3H-4, 4446 21.15 3.12 0.61 4H-6, 31-33 3351 2,66 0.50
3H-4, 6062 21.31 3.08 0.60 4H-6, 70-72 3391 2.64 0.78
3H-4, 140-142 22.11 2,96 0.50 4H-6, 105-107 34.26 234 0.73
3H-4, 140-142 22:11 3.19 0.64 5H-1, 16-18 35.36 2.30 0.59
3H-5,21-23 2241 2,76 0.67 5H-1, 20-22 3541 228 0.58
3H-5, 60-62 22.81 252 0.95 5H-1, 50-52 3571 2.30 0.65
3H-5, 95-97 23.15 283 0.31 5H-1,72-74 35.94 290 0.17
3H-5, 140-142 23.61 3.50 0.40 5H-1, 94-96 36.14 2.40 043
3H-6, 21-23 2391 222 0,98 5H-1, 121-123 36.41 2.51 0.41
IH-6, 60-62 24.31 299 0.50 5H-1, 125-127 36.46 2,65 049
3H-6, 95-95 24.65 223 0.98 5H-2, 18-20 36.88 248 0.56
3H-6, 140-142 25.11 2.81 092 5H-2, 18-20 36.88 2.49 0.53
3H-7, 21-23 2541 278 0.61 5H-2, 51-52 3721 2.56 0.68
3H-7, 6062 25.81 2.16 0.82 5H-2, 94-96 37.64 2.40 0.42
4H-1, 31-33 26,01 2.69 0.95 5H-2, 125-127 37.96 233 0.78
4H-1,70-72 26.41 3.10 0.32 5H-2, 15-17 38.36 2.10 0.59
4H-1, 105-107 26.76 242 0.65 5H-3,51-52 3871 2.67 0.03
4H-1, 120122 2691 2.78 0.42 5H-3, 94-96 39.14 2.88 0.54
4H-1, 145-147 27.16 317 0.28 5H-3, 125-127 39.46 2712 0.20
4H-2, 31-33 27.51 2.54 0.57 5H-4, 16-18 39.86 244 0.76
4H-2, 70-72 27.91 252 091 5H-4, 51-52 40.21 1.92 0.84
4H-2, 105-107 28.26 324 0.49 5H-4, 94-96 40.64 2.87 0.88
4H-2, 120-122 28.41 3.04 0.64 5H-4, 125-127 40.96 2.57 0.84
4H-2, 145-147 28.66 2.24 0.67 5H-5, 16-18 41.36 272 0.90
4H-3, 31-33 29.01 2.05 0.82 5H-5, 51-52 4171 292 097
4H-3, 70-72 29.41 1.97 0.93 5H-5, 94-96 42.14 2.57 1.09
4H-3, 105-107 29,76 3.16 1.05 5H-5, 125-127 42.46 2.73 0.76
4H-3, 145-147 30.16 2.59 0.55 5H-6, 16-18 42.86 3.36 0.66
4H-4,31-33 30.51 2.85 0.60 5H-6, 16-18 42.86 3.21 0.61
4H-4, 70-72 3091 2,68 0.61 5H-6, 51-52 4321 3.38 0.57
4H-4, 105-107 31.26 2.76 0.67 5H-6, 94-96 43.64 3.41 0.48
4H-4, 120-122 31.41 2.67 0.46 5H-6, 125-127 43.96 3.06 0.59
4H-4, 145-147 31.66 2.74 0.55 5H-7, 16-18 44.36 220 1.10
4H-5, 31-33 32.01 331 0.05 5H-7,20-22 44.41 3.40 045
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Table 2. Oxygen and carbon isotopic results of mixed samples of the benthic foraminifers Planulina wuellerstorfi, Cibicidoides
kullenbergi, and Cibicidoides spp. from ODP Site 704.

Core, section, Depth 8'30 5[30 Core, section, Depth 3180 5130
interval (cm) (mbsf) (% PDB) (%0 PDB) interval (cm) (mbsf) (%o PDB) (%0 PDB)
114-704A- 6H-2, 80-82 47.61 3.34 —0.56
1H-2, 76-80 228 264 0.37 6H-2, 105-107 47.76 2.76 -0.26
1H-2, 108-112 2.60 227 -0.23 6H-2, 120-124 47.90 2.69 —-0.38
1H-2, 108-112 2.60 2,36 -0.17 6H-2, 130-134 48.02 3.32 0.22
1H-2, 108-112 2.60 2.79 0.20 6H-2, 140-142 48.11 3.33 0.02
1H-2, 130-134 2.82 2.67 0.24 6H-3, 4-6 4825 2.67 -0.23
1H-3, 130-134 4.32 2.82 0.39 6H-3, 19-21 48.40 2.78 -0.32
1H-4, 40-42 491 2.81 0.66 6H-3, 54-56 48.75 2.76 -0.17
1H-4, 76-80 5.28 349 -0.49 6H-3, 54-56 48.75 3.03 -0.19
1H-4, 108-112 5.60 2.86 0.72 6H-3, 84-86 49,05 4.04 -0.78
1H-4, 123127 575 2.58 0.75 6H-3, 105-107 49.26 4.14 -0.92
1H-4, 130-134 5.82 2.60 0.82 6H-4, 19-21 49.90 3.47 -147
1H-5, 19-23 6.20 2.78 0.53 6H-4, 54-56 50.25 4.00 087
1H-5, 60-64 6.62 2.59 0.77 6H-4, 84-86 50.55 3.46 -1.52
1H-5, 76-80 6.78 323 0.08 6H-4, 84-86 50.55 4.06 -1.08
2H-1, 40-42 7.61 2.54 0.57 6H-4, 105-107 50.76 3.97 -0.96
2H-1, 62-64 7.83 246 0.77 6H-4, 105-107 50.76 3.83 075
2H-1, 80-84 8.02 2.68 0.26 6H-4, 130-134 51.02 3.92 —0.81
1H-6, 130-134 8.82 4.03 -0.45 6H-4, 140-142 5111 3.94 -0.79
2H-6, 60-64 15.32 4.13 -0.39 6H-4, 140-142 51.11 3.63 -1.15
3H-1,26-30 16.98 3.66 -1.15 6H-5, 19-21 51.40 2.87 —-0.05
3H-1, 80-84 17.52 3.03 -1.04 6H-5, 54-56 51.75 2.70 —0.16
3H-1, 90-94 17.62 3.10 043 6H-5. 84-86 52.05 3.86 —-0.95
3H-1, 115-117 17.86 3.08 0.08 6H-5, 105-107 52.26 3.32 -1.37
3H-2, 26-30 18.48 298 0.01 6H-5, 130-134 52.52 3.60 -0.77
3H-2, 90-94 19.12 2.89 0.14 6H-5, 140-142 52.61 3.34 -0.76
3H-3,26-30 19.98 3.06 0.24 6H-5, 140-142 52.61 322 —0.95
3H-3, 90-94 20.62 3.45 -0.76 6H-5, 140-142 52.61 3.36 —0.96
3H-3, 115-117 20.86 3.02 -0.32 6H-6, 19-21 52.90 3.51 025
3H-4, 26-30 21.48 3.30 -0.67 6H-6, 54-56 53.25 3.34 —0.14
IH-4, 80-84 22,02 4.12 -0.39 6H-6, 84-86 53.55 2.82 -0.15
3H-4, 80-84 2202 335 -0.67 6H-6, 105-107 53.78 3.18 —0.50
3H-4, 90-94 2212 3.49 -0.52 6H-6, 130-134 54.02 2.92 0.04
IH-4, 115-117 22.36 3.54 —0.45 6H-6, 140-142 54.11 3.30 -0.32
3H-5, 74-78 23.46 3.42 -0.71 6H-7, 54-56 54,75 297 0.08
3H-5, 8084 23.52 3.17 -0.67 TH-1, 59-61 55.30 3.60 -0.86
3H-6, 26-30 24.48 3.12 -0.32 TH-1, 90-92 55.61 3.60 —0.57
3H-6, 40-44 24.62 317 -0.27 TH-1, 119-121 55.90 3.40 -0.57
3H-6, 74-78 24,96 3.59 0.37 7H-2, 10-12 56.31 3.48 -0.92
3H-6, 80-84 25.02 3.17 -0.27 TH-2, 10-12 56.31 314 —0.94
3H-6, 90-94 25.12 3.41 -0.06 TH-2, 29-31 56.50 318 -0.13
4H-2, 70-72 2841 2.35 -0.03 7H-2,29-31 56.50 341 -0.40
4H-3,30-32 3101 3.18 -0.42 TH-2,29-31 56.50 372 —0.90
SH-1,20-22 35.91 3.06 0.34 7H-2, 29-31 56.50 3.89 —0.94
5H-1,20-22 35.91 3.19 —0.41 TH-2, 59-61 56.80 3.46 —0.61
5H-1, 80-82 36.51 3.02 -0.62 7H-2, 59-61 56.80 3.50 —0.79
5H-2, 20-22 37.41 3.25 -0.09 TH-2, 59-61 56.80 3.60 —0.67
5H-5, 70-74 42.42 329 -0.43 7H-2, 90-92 57.11 3.33 —0.48
5H-6, 19-23 4341 3.02 -0.51 7H-2, 90-92 57.11 3.47 —-0.52
6H-1, 54-56 4575 3.17 -0.01 TH-2, 90-92 57.11 3.38 -0.34
6H-1, 54-56 45.75 317 0.00 7H-2, 119-121 57.40 3.09 0.13
6H-1, 84-86 46,05 291 -0.13 TH-2, 119-121 57.40 2.80 -0.13
6H-1, 84-86 46.05 3.04 0.30 TH-2, 119-121 57.74 3.12 0.59
6H-1, 105-107 46.26 3.45 0.01 TH-3, 10-12 57.81 3.12 0.29
6H-1, 130-134 46.52 3.00 0.51 TH-3, 10-12 57.81 3.34 0.18
6H-1, 140142 46.61 2,39 0.35 TH-3, 29-31 58.00 311 0.04
6H-2, 4-6 46.75 2.88 -0.89 7H-3, 29-31 58.00 3.12 0.11
6H-2, 19-21 46,90 3.51 -0.25 7H-3,29-31 58.00 3.17 0.12
6H-2, 19-21 46,90 3.42 -0.35 TH-3, 59-61 58.30 3.41 —0.16
6H-2, 54-56 4725 2.97 -0.83 7H-3, 59-61 58.30 3.64 —0.08
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Table 2 (continued). Table 2 (continued).
18 13 18 13
Core, section, Depth 5§ 0 8§ 0 Core, section, Depth § 0 § 0
interval (cm) {mbsf) (%0 PDB) (%20 PDB) interval (cm) (mbsf) (%00 PDB) (%s0 PDB)

7H-3, 59-61 58.30 3.57 -0.60 9H-3, 123-127 77.95 3.78 —0.24
7H-3, 59-61 58.30 3.67 —0.16 9H-4, 3-7 78.25 3.58 -0.13
TH-3, 90-92 58.61 3.55 -0.97 9H-4, 33-37 78.55 3.52 0.09
7H-3, 119-121 58.90 3.74 -1.25 9H-4, 97-99 79.18 3.36 0.12
7H-4,2-6 59.24 3.73 —0.83 9H-5, 3-7 79.75 385 -0.12
TH-4, 10-12 59.31 348 —0.81 9H-5, 33-37 80.05 4,12 -0.41

7H-4, 30-32 59.50 3.79 -0.40 9H-5, 128-132 81.00 4.12 =037
TH-4, 30-32 59.50 3.54 -0.46 9H-6, 34-38 81.56 3.96 -0.65
TH-4, 59-61 59.80 3.11 -0.37 9H-6, 63-67 81.85 420 —0.65
7TH-4, 59-61 59.80 n -0.38 9H-7,3-7 82.75 4.09 .89
TH-4, 90-92 60.11 298 0.25 10H-1,3-7 83.25 4.00 -045
TH-4, 119-121 60.40 298 0.13 10H-1, 32-36 83.54 3.80 -0.75
TH-4, 119-121 60.40 3.21 0.34 10H-1, 62-66 83.84 3.88 -0.79
TH-5, 10-12 60.81 292 0.28 10H-1, 132-136 84.54 3.81 -0.63
TH-5, 10~-12 60.81 3.07 0.48 10H-2, 3-7 84.75 3.64 -0.59
TH-5, 29-31 61.00 3.39 0.34 10H-2, 33-37 85.05 3.36 -0.15
TH-5, 90-92 61.61 368 -0.83 10H-2, 63-67 85.35 3.52 -0.32
TH-5, 119-121 61.90 3.88 -0.73 10H-2, 92-96 85.64 3.47 -0.26
TH-6, 2-6 62.24 375 -0.73 10H-2, 142-145 86.14 374 -0.78
TH-6, 10-12 62.31 3.55 —0.95 10H-3, 3-7 86.25 347 -0.72
TH-6, 29-31 62.50 3.62 -1.01 10H-3, 32-36 86.54 3.69 -0.78
TH-6, 50-52 62.71 3.51 -0.78 10H-3, 63-67 86.85 3.81 -0.51
TH-6, 90-92 63.11 3.37 -0.31 10H-3, 95-97 87.17 3.55 -0.66
TH-6, 90-92 63.11 3.69 -0.14 10H-3, 124-128 87.46 3.64 -0.59
TH-7,2-6 63.74 3.80 ~0.85 10H-3, 143-147 87.65 3.80 —0.48
8H-1,29-31 64.50 259 0.27 10H-4, 3-7 87.75 3.51 -0.80
8H-1, 47-51 64.69 3.52 -0.04 10H-4, 33-37 88.05 4,11 —0.80
8H-1, 67-69 64.88 344 -0.09 10H-4, 62-66 88.34 3.85 -0.54
8H-1, 92-96 65.14 3.08 0.31 10H-4, 92-96 88.64 3.65 -0.71

8H-1, 110-112 65.31 2.68 0.21 10H-4, 123127 88.95 3.62 -0.90
8H-1, 123125 65.44 3.97 ~0.83 10H-4, 142-146 89.14 3.81 -0.83
8H-2,5-9 65.77 353 -0.57 10H-5, 3-7 89.25 3.95 -0.74.
8H-2, 29-31 66.00 3.34 -1.11 10H-5, 28-32 89.50 3.97 —0.81

8H-2, 40-44 66.12 392 -1.03 10H-5, 58-62 89.80 3.86 -1.03
BH-2, 64-68 66.36 3.80 —0.82 10H-5, 123-127 90.45 3.56 -0.74
8H-2, 84-88 66.56 3.60 -0.19 10H-5, 140-144 90.62 3.70 -0.71

8H-2, 110-112 66.81 316 0.09 10H-6, 3-7 90.75 339 -0.85
8H-2, 124-126 66.95 3.27 0.16 10H-6, 3-7 90.75 3.67 —0.60
8H-3, 47-49 67.68 3.10 -0.41 10H-6, 28-32 91.00 3.64 -0.76
8H-3, 65-69 67.87 4,02 —0.88 10H-6, 63-67 91.35 3.59 -0.63
8H-3, 92-96 68.14 4.26 -0.61 10H-6, 63-67 91.35 353 -0.79
8H-3, 110-112 68.31 3.38 -0.80 10H-6, 93-97 91.65 3.66 -0.57
8H-3, 124-126 68.45 293 -0.76 10H-6, 93-97 91.65 3.51 -0.83
8H-3, 139-141 68.60 3.66 ~0.60 10H-6, 133~137 92,05 162 —0.85
8H-4, 5-9 68.77 3.56 =0.20 10H-6, 133-137 92.05 3.49 -0.72
8H-4, 100-102 69.71 3.85 —0.45 10H-7, 3-7 9225 3.86 -0.99
8H-4, 110-112 69.81 3.61 —0.60 10H-7, 3-7 9225 3.83 -0.83
8H-4, 124-126 69.95 4.13 -0.93 10H-7, 24-28 92.46 3.7 -0.94
8H-5, 5-9 70.27 3.96 =123 11H-1,5-9 92.77 3.81 -0.44
8H-5, 16-19 70.37 4.07 —0.98 11H-1,5-9 92.77 342 —0.64
8H-5, 6468 70.86 3.93 -0.24 11H-1,29-33 93.01 347 -0.15
8H-5, 90-92 71.11 i -0.53 11H-1, 63-67 93.35 342 —0.42
8H-5, 121-125 71.43 347 -0.12 11H-1, 63-67 93.35 3.19 -0.72
8H-6, 14-18 71.86 3.81 -0.29 11H-1, 98-100 93.69 327 -0.47
8H-6, 39-43 72.11 3.48 0.01 11H-1, 129-131 94.00 322 -0.54
8H-6, 120-124 7292 3.65 -0.37 11H-1, 129-131 94,00 3.16 -0.53
8H-CC, 8-12 73.30 3.88 -0.49 11H-2, 3-7 94.25 335 =037
9H-1, 34-38 74.06 3.55 -0.17 11H-2, 3-7 94.25 3.24 ~0.48
9H-1, 98-101 74.70 3.30 0.03 11H-2, 35-37 94.57 298 -0.56
9H-2, 35-39 75.57 343 0.00 11H-2, 62-66 94.84 297 -0.45
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Table 2 (continued).

Table 2 (continued).
Core,section,  Depth 50 80
interval (cm) (mbsf) (%o PDB) (%0 PDB)
11H-2, 88-92 95.10 3.03 -0.57
11H-2, 124-128 95.46 3.27 -0.74
11H-3, 3-7 95.75 334 -0.73
11H-3, 34-38 96.06 3.26 -0.64
11H-3, 63-67 96.35 3.38 -0.78
11H-3, 94-98 96.66 344 -0.70
11H-3, 124-128 96.96 339 -0.77
11H-4, 3-7 97.25 3.36 -0.79
11H-4, 33-37 97.55 3.37 -0.72
11H-4, 6468 97.86 349 -0.44
11H-4, 98-102 98.20 3.42 —0.06
11H-4, 123-125 08.44 3.51 -041
11H-5, 3-7 98.75 3.75 —0.43
11H-5, 33-37 99.05 3.51 -0.33
11H-5,97-101 99.69 372 -0.04
11H-5, 124-128 99.96 3.57 —0.26
11H-5, 142-146 100.14 3.57 -0.15
11H-6, 3-7 100.25 3.51 -0.07
11H-6, 33-37 100.55 3.13 0.09
11H-6, 85-89 101.07 3.15 0.10
11H-6, 127-129 101.48 3.30 —0.10
11H-7, 3-7 101.75 3.46 —0.55
11H-7, 36-40 102.08 3.29 -0.20
12H-1, 3-7 102.25 3.07 -0.01
12H-1, 3-7 102.25 3.28 —0.16
12H-1,27-31 102.49 285 -0.20
12H-1, 6367 102.85 2.88 -0.21
12H-1, 94-98 103.16 313 -0.19
1ZH-1, 124-128 103.46 3.13 -0.27
12H-2, 3-7 103.75 3.17 0.07
12H-2, 33-37 104.05 3.17 -0.36
12H-2, 63-67 104.35 3.57 -0.75
12H-2, 124-128 104,96 3.18 —.48
12H-2, 124-128 104.96 345 -0.29
12H-3, 3-7 105.25 299 -0.19
12H-3, 34-38 105.56 297 -0.04
12H-3, 85-89 106.07 2.85 0.10
12H-3, 125-127 106.46 278 0.18
12H-4, 3-7 106.75 288 0.10
12H-4, 3-7 106.75 3.21 0.03
12H-4,29-33 107.01 3.36 -0.74
12H-4, 57-61 107.29 3.33 -0.37
12H-4, 93-97 107.65 3.21 -0.13
12H-4, 128-132 108.00 3.01 0.15
12H-5, 34-38 108.56 3.30 -0.13
12H-5, 94-98 109.16 3.24 0.35
12H-6, 3-7 109.75 3.39 -0.13
12H-6, 4347 110.15 335 -0.04
12H-6, 43-47 110.15 343 0.06
12H-6, 93-97 110.65 3.18 —0.05
12H-6, 124-128 110.96 3.25 -0.10
12H-6, 124128 110.96 3.66 0.08
13H-1, 33-37 112.05 3.48 -0.52
13H-1, 127-129 112.98 3.84 -0.79
13H-2, 34-38 113.56 331 —0.45
13H-2, 92-94 114.13 an -0.37
13H-2, 127-131 114.49 3.59 -0.54
13H-3, 3-7 114.75 343 -0.30
13H-3, 33-37 115.05 3.35 -0.55
13H-3, 63-67 115.35 3.39 —0.35

Core, section, Depth &% 570

interval (cm) (mbsf) (%0 PDB) (a0 PDB)
13H-3, 126-130 11598 297 -0.06
13H4, 3-7 116.25 3.03 -0.10
13H4, 63-67 116.85 3.46 -035
13H-4, 93-97 117.15 3.02 0.75
13H-6, 3-7 119.25 331 -047
13H-6, 33-37 119.55 318 —0.13
13H-6, 63-67 119.85 3.08 -0.13
14H-1,28-32 121.50 3.30 037
14H-1,28-32 121.50 332 —0.12
14H-1, 63-67 121.85 343 -0.19
14H-1, 63-67 121.85 3.69 —0.28
14H-2, 3-7 122.75 3.50 ~0.07
14H-2, 35-39 123.07 3.50 -0.16
14H-2, 35-39 123.07 351 -0.39
14H-2, 63-67 12335 327 -0.34
14H-2, 63-67 12335 335 -029
14H-2, 94-98 123.66 3.51 -0.19
14H-2, 94-98 123.66 338 -020
14H-3, 50-52 124.71 3.49 -0.05
14H-3, 62-66 124.84 3.17 0.06
14H-3, 123-127 125.45 3.66 -0.62
14H-4, 3-7 125.75 281 032
14H-4, 65-69 126.37 335 -0.19
14H-4, 123-127 126,95 3.04 0.07
14H-5, 28-32 127.50 3.49 -0.03
14H-5, 83-87 128.05 328 -0.03
14H-5, 123-127 128.45 3.09 0.13
14H-6, 3-7 128.75 3.26 -023
14H-6, 33-37 129.05 3.32 -0.61
14H-6, 63-67 129.35 3.70 —.54
15H-1, 6468 131.36 3.04 0.23
15H-1, 92-96 131.64 3.14 021
15H-1, 126-130 131.98 3.05 0.19
15H-2,3-7 132.25 3.15 0.53
15H-2, 34-38 132.56 2.90 027
15H-2, 92-96 133.14 3.19 0.08
15H-3,3-7 133.75 293 0.60
15H4, 3-7 135.25 2.96 0.04
15H-4, 92-96 136.14 270 0.36
15H4, 124-128 136.46 312 027
15H-5, 35-39 137.07 3.17 067
15H-5, 35-39 137.07 312 —0.47
15H-5, 63-67 137.35 331 -036
15H-5, 63-67 137.35 3.05 -0.24
15H-5, 92-96 137.64 275 0.25
15H-6, 63-67 138.85 278 0.36
15H-6, 93-97 139.15 2.87 0.37
15H-7,2-6 139.74 2.96 0.47
15H-7,32-36 140.05 3.01 0.05
16H-1, 83-87 141.05 332 -0.05
16H-1, 90-94 14115 323 -028
16H-1, 123-127 141.50 322 0.11
16H-2, 19-23 14191 348 -032
16H-2, 38-42 142.10 3.60 037
16H-2, 138-142 143.10 3.29 -0.05
16H-3,3-T 143.25 329 -0.02
16H-3, 33-37 143.55 3.07 0.52
16H-3, 4347 143.65 345 -0.22
16H-3, 64-67 143.85 3.15 -0.27
16H-3, 64-67 143.85 328 -041
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Table 2 (continued). Table 2 (continued).
18 13 18 13

Core, section, Depth 8§ 0 50 Core, section, Depth 5 0 5 0

interval (cm) (mbsf) (%0 PDB) (%0 PDB) interval (cm) (mbsf) (%0 PDB) (%o0 PDB)
16H-3, 95-99 14417 2.98 0.41 19X-2, 20-22 170.41 3.02 071
16H-4, 94-98 145.66 2.81 0.53 19X-2, 30-34 170.52 331 0.50
16H-4, 128-132 146.00 3.30 0.36 19X-2, 30-34 170.52 321 0.55
17X-1, 36-40 150.08 3.14 -0.10 19X-2, 33-37 170.55 2.82 0.94
17X-1, 63-67 150.35 3.15 -0.35 19X-2, 33-37 170.55 277 0.77
17X-1,93-97 150.65 312 0.24 19X-2, 46-50 170.68 311 0.88
17X-2, 33-37 151.55 297 0.39 19X-2, 46-50 170.68 3.06 071
17X-2, 80-82 152.01 3.05 0.18 19X-2, 50-52 170.71 3.12 0.64
17X-2, 95-99 152.17 3.32 0.26 19X-2, 60-62 170.81 2.98 0.67
17X-2, 119123 152.41 3.38 -0.28 19X-2, 60-62 170.81 298 0.46
17X-2, 139-143 152.61 3.27 0.06 19X-2, 76-80 170.98 3.14 0.52
17X-3,3-7 152,75 296 0.48 19X-2,93-97 171.15 3.04 0.79
17X-3, 6468 153.36 297 045 19X-2, 110-112 171.31 3.09 0.77
17X-3, 97-101 153.69 3.03 -0.04 19X-2, 110-112 171.31 2.68 0.70
17X-3, 126-130 153.98 3.02 0.09 19X-2, 125-129 171.47 2.57 0.77
17X-4, 3-7 154.25 2.94 0.08 19X-2, 140-142 171.61 291 0.66
17X-4,34-38 154.56 3.05 032 19X-2, 140-142 171.61 2.99 0.62
17X-4, 63-67 154.85 347 -0.22 19X-3, 7-9 171.78 324 1.12
17X-4, 63-67 154.85 328 -0.33 19X-3,27-29 171.98 3.26 0.77
17X-4, 95-99 155.17 3.45 -0.11 19X-3, 27-29 171.98 321 0.60
17X-4, 126-130 155.48 3.25 0.30 19X-3, 50-52 172.21 2.59 0.71
17X-5, 33-37 156.05 3.44 —0.43 19X-3, 50-52 172.21 273 0.61
17X-5, 63-67 156.35 293 0.00 19X-3, 62-66 172.31 3.08 0.61
17X-5, 127-131 156.99 3.06 0.17 19X-3, 62-66 172.34 3.10 0.95
17X-6, 3-7 157.25 3.01 0.32 19X-3, 94-98 172.66 3.12 0.69
17X-6, 27-31 157.49 3.24 -0.15 19X-3, 94-98 172.66 3.07 0.52
17X-6, 62-66 157.84 321 0.03 19X-3, 110-112 172.81 3.33 0.75
18X-1, 15-19 159.37 3.59 -0.30 19X-3, 112-116 172.84 321 0.90
18X-1, 96-100 160.18 344 -0.61 19X-3, 112-116 172.84 3.16 0.73
18X-1, 116-120 160.38 3.50 0.31 19X-3, 128-132 173.00 3.17 0.90
18X-2, 61-65 161.33 3.55 0.22 19X-3, 128-132 173.00 3.12 0.73
18X-2, 125-129 161.97 332 0.90 19X-3, 140-142 173.11 3.01 0.80
18X-3,1-5 162.23 3.18 0.42 19X-4, 1-5 173.23 3.05 0.76
18X-3, 28-32 162.50 3.38 -0.04 19X-4, 1-5 173.23 3.00 0.59
18X-3, 61-65 162.83 3.24 -0.12 19X-4, 20-22 173.41 2.72 0.37
18X-3, 63-67 162.85 3.57 -0.27 19X-4, 20-22 173.41 2.80 0.57
18X-3, 86-90 163.08 3.06 0.24 19X-4, 30-34 173.52 3.14 0.07
18X-4,3-7 163.75 2.79 0.62 19X-4, 30-34 173.52 321 0.11
18X-4, 32-36 164.04 3.40 022 19X-4, 34-38 173.56 3.04 0.39
18X-4, 93-97 164.65 3.30 0.68 19X-4, 34-38 173.56 3.19 0.30
18X-5, 22-26 165.44 321 0.71 19X-4, 50-52 173.71 2.95 0.99
18X-5, 35-39 165.57 3.13 0.48 19X-4, 50-52 173.71 242 0.74
18X-5, 61-63 165.85 331 -0.12 19X-4, 60-62 173.81 234 0.73
18X-5,93-97 166.15 3.25 -0.36 19X-4, 66-70 173.88 3.20 0.78
18X-5, 127-131 166.49 2.90 0.34 19X-4, 86-90 174.07 2.87 0.89
18X-6, 3-7 166.75 321 0.57 19X-4, 124-128 174.46 3.08 0.62
18X-6, 28-32 167.00 3.60 -0.53 19X-4, 140-142 174.61 2.75 0.57
18X-6, 68-70 167.39 3.50 -0.48 19X-5, 1-5 174.73 295 0.51
18X-CC, 6-10 168.20 296 -0.19 19X-5, 20-22 174.91 2.85 0.51
18X-CC, 6-10 168.20 2.96 0.19 19X-5, 30-34 175.02 339 0.57
19X-1, 6-10 168.78 3.39 0.13 19X-5, 30-34 175.02 3.15 0.55
19X-1,20-22 168.91 3.12 0.25 19X-5, 30-34 175.02 278 0.38
19X-1, 30-34 169.02 371 0.01 19X-5, 42-44 175.13 3.19 0.56
19X-1, 33-37 169.05 3.39 0.02 19X-5, 50-52 175.21 3.35 0.33
19X-1, 50-52 169.21 2.90 0.72 19X-5, 60-62 17531 351 0.29
19X-1, 75-77 169.46 3.26 0.44 19X-5, 76-80 175.48 3.29 0.15
19X-1, 87-91 169.59 297 0.32 19X-5, 98-102 175.70 3.33 0.09
19X-1, 124-128 169.96 2.74 1.44 19X-5, 110-112 175.81 2.77 0.18
19X-1, 143-147 170.15 322 0.73 19X-5, 123-127 175.95 2.87 0.65
19X-2,20-22 170.41 3.03 0.15 19X-5, 123-127 175.95 3.05 0.61
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Table 2 (continued).
18 13
Core, section, Depth 8 0 § 0
interval (cm) (mbsf) (%0 PDB) (%0 PDB)
19X-5, 140-142 176.11 2.88 0.12
19X-6, 1-5 176.23 3.18 0.36
19X-6, 1-5 176.23 292 0.31
19X-6, 20-22 176.41 3n 0.30
19X-6, 34-38 176.56 3.03 0.69
19X-6, 34-38 176.56 2.82 0.60
19X-6, 50-52 176.71 2.60 0.46
19X-6, 60-62 176.81 2.55 0.35
19X-6, 74-78 176.96 am 0.79
19X-6, 74-78 176.96 3.07 0.72
19X-6, 93-97 177.15 3.08 0.87
19X-6, 110-112 177.31 2.78 0.74
19X-6, 110112 177.31 2.66 0.90
19X-6, 123-127 177.45 3.1 0.79
19X-6, 123-127 177.45 2.78 0.69
19X-6, 140-142 177.61 3.21 0.59
19X-6, 143-147 177.65 3.05 0.64
19X-7,3-7 177.75 3.08 0.63
19X-7, 18-22 177.90 3.29 0.25
20X-1, 27-31 178.49 2381 0.78
20X-1, 62-66 178.84 2.75 0.85
20X-1,94-98 179.16 291 0.85
20X-1, 110-112 179.31 273 0.66
20X-1, 123-127 179.45 2.85 0.76
20X-1, 143147 179.65 274 0.76
20X-2,3-7 179.75 2.89 0.82
20X-2, 46-48 180.17 2.84 0.58
20X-2, 6367 180.35 2.89 0.61
20X-2, 68-72 180.40 2.94 0.65
20X-2, 80-82 180.51 2.83 0.62
20X-2, 98-102 180.70 3.02 0.75
20X-2, 123-127 180.95 323 0.37
20X-2, 140-142 181.11 3.09 0.12
20X-3,3-7 181.25 2.99 0.45
20X-3, 33-37 181.55 279 0.39
20X-3, 94-98 182.16 2.79 0.66
20X-3, 121-125 18243 277 0.65
20X-4, 28-32 183.00 2.79 0.69
20X-4, 62-66 183,34 2.84 0.61
20X-4, 80-82 183.51 2.57 030
20X-4, 95-99 183.67 2.70 0.49
20X-4, 113-117 183.85 2.81 0.41
20X-4, 140-142 184.11 292 0.43
20X-4, 142-146 184.14 2.61 0.52
20X-5,3-7 184.25 2.68 0.67
20X-5,20-22 184.41 2.54 0.86
20X-5, 3640 184.58 272 0.44
20X-5, 62-66 184.84 2.89 0.73
20X-5, 68-72 184.90 2.84 0.62
20X-5, 95-99 185.17 27 0.78
20X-5, 110-112 185.31 248 0.69
20X-6, 3-7 185.75 2.74 0.65
20X-6, 20-22 185.91 2,67 0.38
20X-6, 22-26 185.94 2.67 0.49
20X-6, 42-44 186.14 2.73 0.69
20X-6, 62-66 186.34 2.83 0.70
20X-6, 110-112 186.81 2.61 0.79
20X-7,3-7 187.25 2.69 048
20X-7,20-22 187.41 3.08 0.38
20X-7,28-32 188.00 2.73 0.25

Table 2 (continued).
18 13

Core, section, Depth 5 0 5 0

interval (cm) (mbsf) (%00 PDB) (%20 PDB)
20X-7, 44-46 188.16 239 0.49
21X-1, 80-82 188.51 2.36 —0.20
21X-1, 110-112 188.81 2.81 -0.12
21X-1, 140-142 189.11 248 0.38
21X-1, 140-142 189.66 275 0.40
21X-2, 80-82 190.01 221 0.46
21X-2, 80-82 190.01 2.54 0.45
21X-2, 80-82 190.01 2.54 0.45
21X-2, 110-112 190.31 2.70 —0.06
21X-2, 140-142 190.61 2.57 0.42
21X-3,28-32 191.00 2.16 0.06
21X-3, 45-47 191.16 2.38 0.30
21X-3, 80-82 191.51 2.59 0.06
21X-3, 110-112 191.81 248 0.49
21X-4, 45-47 192.66 2.69 0.38
21X4,68-72 192.90 2.18 -0.08
21X-4, 8B0-82 193.01 2.64 0.30
21X-4, 80-82 193.01 227 —0.40
22X-1,20-22 197.41 2.19 0.56
22X-1, 81-83 198.02 2.50 0.27
22X-1, 110-112 198.31 2.15 0.48
22X-1, 110-112 198.31 217 0.39
22X-1, 129-131 198.50 203 -0.10
22X-1, 139-141 198.60 253 0.51
22X-2, 90-94 199.62 220 0.09
22X-2, 110-112 199.81 2.46 047
22X-3, 90-94 201.12 2.81 0.56
22X-3, 140-142 201.60 263 0.72
22X-4, 81-83 202.52 272 0.51
22X-4, 90-94 202.62 2.59 0.46
22X-5,20-22 203.41 1.86 0.01
22X-5, 139-141 204.60 2.52 0.52
23X-1,20-22 206.91 271 0.40
23X-1, 58-62 207.30 258 0.42
23X-1, 80-82 207.51 237 0.45
23X-1, 80-82 207.51 235 0.49
23X-1, 110-112 207.81 2.59 0.17
23X-1, 140-142 208.11 2.79 0.23
23X%-2, 20-22 208.41 222 0.24
23X-2,20-22 208.41 2.58 0.44
23X-2, 58-62 208.80 2.58 0.40
23X-2, 80-82 2090.01 2.54 0.03
23X-2, 110-112 209.31 221 0.18
23X-2, 140-142 209.61 2.57 0.13
23X-3,20-22 209.91 2.51 0.44
23X-3, 20-22 209.91 2.51 0.44
23X-3, 58-62 210.30 239 0.51
23X-3, 80-82 210.51 239 0.01
23X-3,110-112 210.81 2.50 0.56
23X-3,110-112 210.81 2.09 0.22
23X-3, 140-142 211.11 2.59 0.36
23X-4,20-22 211.41 2.40 0.29
23X-4, 20-22 211.41 23 —0.04
23X-4, 58-62 211.80 2.67 0.50
23X-4, B0-82 212.01 231 0.10
23X-4, 110-112 212.31 272 0.37
23X-4, 140-142 212.61 2.47 0.57
23X-4, 140-142 21261 242 -0.02
23X-5,20-22 21291 2.60 0.21
23X-5, 150-152 214.21 229 0.57
23X-6, 30-32 214.51 221 0.52



STABLE ISOTOPIC AND CARBONATE STRATIGRAPHY, LATE PLIOCENE AND PLEISTOCENE

Table 2 (continued). Table 2 (continued).
18 13 18 13
Core, section, Depth 8 0 éd 0 Core, section, Depth 8 0 8§ 0

interval (cm) (mbsf) (%0 PDB) (%0 PDB) interval (cm) (mbsf) (Voo PDB) (%o PDB)
23X-6, 150-152 21571 226 0.44 3H-1, 60-62 16.81 3.68 —0.85
23X-CC 216.01 2,04 0.51 3H-1, 94-96 17.15 3.33 -0.74
24X-1,20-22 216.41 2.50 0.24 3H-1, 94-96 17.15 3.27 ~0.81
24X-1,68-72 216,90 252 -0.01 3H-1, 140-142 17.61 3.37 —0.83
24X-1, 8890 217.09 2.36 -0.21 3H-1, 140-142 17.61 3.33 -0.60
24X-1, 100-102 217.21 236 037 3H-4, 20-22 2091 348 -0.80
24X-1, 110-112 217.31 247 0.31 3H-4, 60-62 2131 346 ~0.84
24X-1,110-112 217.31 254 0.16 3H-4, 94-96 21.65 3.39 -0.77
24X-2,20-22 21791 230 0.53 3H-4, 140142 2211 344 -0.86
24X-2,68-72 218.40 232 0.37 3H-5, 20-22 22.41 3.55 ~0.40
24X-2, 88-90 218.59 233 0.35 4H-1, 70-72 26.41 341 -0.88
24X-2, 88-90 218.59 227 0.05 4H-1, 105-107 26.76 2.50 -0.27
24X-2, 130-132 219.01 240 0.54 4H-1, 120-122 26.91 298 -0.84
24X-3,70-72 219.91 2.33 0.45 4H-1, 145-147 27.16 3.44 -0.75
24X-3, 88-90 220.09 2.58 0.43 4H-1, 145-147 27.16 344 =0.77
24X-4, 10-12 220.81 229 0.95 4H-2, 30-32 27.51 322 -0.21
24X-5, 40-42 222.61 1.96 0.53 4H-2, 30-32 2751 279 -0.06
24X-5, 88-90 223.10 214 0.35 4H-2, 105-107 28.26 325 -0.93
24X-5, 140-142 223.60 197 0.11 4H-2, 120-122 2841 2.68 -1.02
24X-5, 10~12 22371 202 0.05 4H-3, 30-32 29.01 242 0.81
24X-6, 120-122 22491 1.97 0.04 4H-4, 70-72 30.91 312 -0.68
25X-2, 58-62 227.80 2.55 0.52 4H-4, 105-107 31.26 315 —0.14
25X-3, 110-112 229.81 2.58 0.54 4H-4, 120-122 314 292 -0.14
25X-4, 58-62 230.80 2.86 0.54 4H-4, 145-147 31.66 2.81 =035
25X-6, 2022 23341 3.33 0.20 4H-5, 3842 32.10 1.61 0.13
4H-5, 70-72 241 3.02 —0.68
114-704B- 4H-5, 105-107 32.76 3.0 -0.76
1H-2, 60-62 2 242 0.81 4H-6, 30-32 3351 2.03 -1.09
1H-3, 4446 345 213 0.09 5H-5, 51-52 41.71 318 -0.79
1H-5, 19-21 6,29 217 0.37 5H-5,93-95 42.14 229 -0.34
2H-1,7-9 6.78 253 0.71 5H-6, 125-127 43.96 323 —0.93
2H-1, 107-109 7.78 2.00 0.48 5H-7, 15-17 44.36 27 0.07
3H-1, 60-62 16.81 3.69 —0.68 6H-7, 20-22 53.90 248 0.24
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