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The Western Pacific Warm Pool (WPWP) serves as
a heat engine for Earth’s climate and as a major mois-
ture source for its hydrological cycle. Studies of the
instrumental record document that variations in the
thermal and hydrologic properties of the WPWP have
global ocean and atmospheric ramifications. Coral-
based climate records have been exploited in other re-
gions of the tropical oceans, yet such records are rare
from the WPWP despite the fact that proxy climate
records from the WPWP are recognized as among the
most critical targets for future paleoclimate research.
We have begun to address this recognized need by
generating monthly resolved proxy records of thermal
and hydrologic variability in the WPWP via paired de-
terminations of δ18O and Sr/Ca in fossil corals from
Tetepare, Western Solomon Islands (8◦ 43’ S; 157◦ 33’
E). Thirty-three of the 54 fossil coral cores that were
drilled and recovered have been dated by AMS 14C and
by TIMS U-series techniques, and these corals range
in age from 250 to 12,000 years old. Post-depositional
alteration of our Holocene coral samples is judged to
be minimal based on mineralogic (XRD), petrographic
(SEM) and geochemical criteria (preservation of mod-
ern marine initial δ234U values). We have initially
chosen to generate short time series (∼4-5 years) of
monthly δ18O and Sr/Ca variations from eight of the
fossil corals and one nearby modern coral, although
some of the cores contain well over 100 annual den-
sity bands. Annual cyclicity is observed in both δ18O
and Sr/Ca in all of the time series generated to this
point. Coral δ18O data show a general decrease in val-
ues through the Holocene from more enriched values of
∼-4.65o/oo at ∼10 Ka to a value of ∼-5.25o/oo in the
modern coral. Coral Sr/Ca data indicate ∼2◦C cooler
SST w/r to modern values at 10,254±35 yr BP and
∼1◦C warmer SST w/r to modern values at 3336±18
yr BP. The suite of fossil coral samples from Tetepare
will ultimately yield multidecadal to centennial length
proxy climate time series having subannual resolution
that will be used to 1) determine how changes in the
mean climate state of the tropics in the WPWP influ-
ence the nature of tropical climate variability on inter-
annual to centennial timescales during the Holocene;
and 2) define the timing and magnitude of abrupt tran-
sitions and extremes in Holocene climate in the WPWP
and determine how these abrupt changes in the trop-
ics are related to previously defined intervals of abrupt
change in the extra-tropics.
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To better assess anthropogenic impact on post-
industrial climate, it is essential to reconstruct reliable
surface temperature distribution patterns in a long-
term perspective. Here we show a global spatial pattern
of long-term sea-surface temperature (SST) trends over
the last 7,000 years solely based on alkenone-derived
SST records and coupled atmosphere-ocean transient
climate simulations. Our modelling strategy uses a
technique for transient simulations with a state-of-the-
art general circulation model, where we accelerate the
very slow time scale of the Earth’s orbital parameters
to enable simulations of the whole Holocene. Recon-
structed alkenone SST records in the North Atlantic
realm show that a continuous SST decrease in the
Northeast Atlantic over the last 7,000 years was accom-
panied by a persistent warming over the western sub-
tropical Atlantic, the eastern Mediterranean Sea, and
the northern Red Sea. Our transient ensemble simu-
lations over the last 7,000 years show similar spatial
distribution pattern. Based on the analysis of the in-
strumental data and of model experiments, we show
that SSTs during the Holocene can be attributed to a
continuous weakening of a Northern Hemisphere atmo-
spheric circulation pattern similar to that of the Arc-
tic/North Atlantic Oscillation (AO/NAO) at present.
This implies that the AO/NAO plays not only an im-
portant role for short-term climate changes for the
present but also for long-term climate trends during
the Holocene.
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We have conducted an integrated study of ice-rafted
debris (IRD) and stable isotopes on a spliced record
(TN057-6-PC4/ODP Site 177-1090, about 43◦ S, 9◦
E) raised on the Agulhas Ridge, in the South Atlantic.
The site is just north of the northern boundary of the
present-day Polar-Front Zone (PFZ), and is in a very
sensitive location to record both ice-rafting and stable-
isotopic-ratio changes. Our combined record reveals a
pattern of ice-rafting episodes that may be characteris-
tic for the subantarctic South Atlantic, at least for lo-
cations N of the PFZ. Ice rafting occurs during the wax-
ing stages of each glaciation, and ends at, or before, the
peak of each glaciation. IRD peaks are also associated
with strong stadials during ”cold” interglacials, e.g.
MIS 7. A little IRD shows up during the entire inter-
val studied here, from the Holocene to mid-MIS 14. We
suggest that the IRD record at this site is essentially
a temperature record on glacial-interglacial timescales.
If the temperature is low enough, enough icebergs sur-
vive to melt at this location. If the temperature is too
warm, only an occasional iceberg survives to deliver de-
bris. A peculiar aspect of the combined record is the
fact that during Ice-rafting events (IREs), the plank-
tic oxygen-isotopic ratios are higher at the end of an

IRE compared to the beginning. Further, by comparing
our records with the Summer Sea Surface Temperature
record of Becquey and Gersonde (2002) for a nearby
(respectedly the same) site (PS2489-2/ODP177-1090),
we see that the temperature is generally very similar
at the beginning and the end of an IRE. The same age
model provided by Venz and Hodell (2002) was used
for both sites, allowing such direct comparisons of the
data. Assuming as a working hypothesis that the IRD
record is a pure temperature record, and ignoring the
salinity effect for the present, then this difference in
oxygen-isotopic ratios must be the ice volume effect.
For MIS 12, the difference in planktic oxygen-isotopic
ratios at the beginning and the end of the IRE is about
1.3 permil, which translates to 130 m sea level equiva-
lent. The present-day temperature at the site is about
10◦ C (Levitus and Boyer, 1998). To attain a temper-
ature of about 4◦ C (presently located at about 47◦ S
in this area), as indicated by the SSST record of Bec-
quey and Gersonde (2002) for the IRE during MIS 12,
the Polar Front Zone (the zone of major iceberg melt-
ing) had to move north by about 4◦ latitude (about
240 nautical miles), a not unreasonable assumption.
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The impact of sea level variations on marginal sed-
imentation and hence biogeochemical sinks has long
been recognized, but few quantitative data exists on the
oceanic response of the biolimiting nutrient phosphorus
(P) to changing depositional sinks. A greater under-
standing of the sinks and geochemistry of P in marine
sediments, together with multi-proxy analyses of a va-
riety of P-related records from the deep sea, indicates
that the redistribution of this nutrient from marginal
to deep sea sinks during glacial lowstands has had an
important impact on the oceanic P cycle. We compared
records of P/Ti ratios (an “excess” P proxy) and P ac-
cumulation rates from the Southern Ocean (ODP Site
1089) and the eastern equatorial Pacific. The P/Ti
records for these widely spaced sites show a remark-
able degree of similarity over the last 400 kyr. The
P/Ti ratios at both sites exhibit peaks with a 100 kyr
periodicity, and a phasing of broad peaks that begins
during glacial intervals, reaching maxima just after the
glacial-interglacial transition, then decreasing to low
values by the beginning of the next glacial interval.
These records indicate relatively high “excess” P ex-
port occurring about 40-60 kyr after the onset of glacial
intervals. P accumulation rates from these sites reveal
sharp peaks 40-60 kyr after glacial onset, followed by
a slow decline, with some abbreviated peaks, over the
ensuing 60-80 kyr. These two semi-independent prox-
ies provide a picture of a potentially globally-coherent
signal in the deep ocean marine P mass balance, with
increased P export to the deep ocean from shelf weath-
ering and lack of shelf depositional area during glacials.
The delay in P accumulation in the deep ocean is due
to the slower response time of P (residence time of 10-
20 kyr). Given higher recycling of P in the deep sea
sink, this redistribution from shelf to deep sea may have
resulted in higher oceanic dissolved phosphate concen-
trations and increased oceanic productivity, especially
soon after glacial onset.
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ODP Leg 189 drilling around Tasmania retrieved
quasi-continuous Eocene records from the Southern
Ocean - Antarctic Margin. The shallow marine, pro-
deltaic successions of Sites 1170, 1171 and 1172 in-
clude the interval representing the onset (∼55 Ma) and
termination (∼50 Ma) of the Early Eocene Climatic
Optimum (EECO). The end of the EECO is globally
reflected in the oceans by the onset of increasingly
cooler deep-water temperatures, and marks the onset
of the trend towards the Icehouse world. Here we show
that a strong increase of endemic Antarctic dinoflag-
ellates precisely matches the termination of the EECO
in the Southern (Pacific) Ocean. The record of these
surface-dwelling organisms thus indicates that changes
of surface water parameters, notably temperature, oc-
curred near simultaneously with global deep-water tem-
perature changes. Comparison of the field data with
predictions from fully coupled climate model simula-
tions, and a new basic understanding of Eocene South-
ern Ocean circulation, suggests that changes in atmo-
spheric greenhouse gasses may have been driving the
apparently coupled surface- and deep-water signals.
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Eucampia Antarctica (diatom) relative abun-
dance stratigraphy is a useful biostratigraphic tool
for identifying and correlating late Quaternary
glacial/interglacial sequences in Southern Ocean sedi-
ments, especially for those regions where 14C dating
and δ18O stratigraphy are not available. Under-
standing the nature of the variability of E. Antarctica
abundances greatly improves its reliability as a bios-
tratigraphic tool. Hence, a spatial analysis of E. Antarc-

tica abundance and 230Th-normalized E. Antarctica flux
is conducted using data from several Atlantic and
Pacific sites. An E. Antarctica stratigraphy is presented
for several cores in the Pacific sector and compared to
magnetic susceptibility records. Last Glacial Maximum
(LGM) depths are determined from this stratigraphy
and shown to be well correlated across the Pacific
sector. Variations are noted in percent E. Antarctica
within each sector of the Southern Ocean at different
latitudes and between the Atlantic and Pacific sectors
where data available from existing studies are merged.
Average values of absolute E. Antarctica flux during the
Holocene and LGM, computed using 230Th-normalized
opal fluxes and percent E. Antarctica, are compared
at several sites in the Atlantic and Pacific sectors of
the Southern Ocean. This analysis demonstrates a
comparatively small variation in absolute numbers of
E. Antarctica in the Pacific sector between the LGM and
Holocene at all sites studied but a noticeable increase
in the Atlantic sector just north of the Antarctic Po-
lar Front (APF) during the LGM implying that it is
not only the relative abundance of E. Antarctica that
increases during glacial periods in certain regions but
also its absolute abundance.
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Whether or not the Antarctic ice sheet experienced
instabilities during the Last Glacial Maximum (LGM),
similar to those that characterized periods of abrupt
climate change in the North Atlantic, remains unre-
solved due to the difficulty in establishing reliable high-
resolution chronologies for Southern Ocean sediments.
We developed a stratigraphy, based on relative abun-
dance of Eucampia Antarctica to provide a signal that
is correlative throughout many areas of the Southern
Ocean. Three high-resolution records (two in the At-
lantic and one in the Pacific sector) have been devel-
oped in which E. Antarctica stratigraphy and the Vostok
deuterium record are well correlated at near-millennial
resolution over the past 80 ka. Magnetic susceptibility
(MS) was measured in three cores as a proxy for ice-
rafted debris (IRD). When the E. Antarctica stratigra-
phies in two cores in relatively close proximity (RC13-
271 and TN057-14; 52◦S, 4.5◦E) were aligned, the
MS records show nearly identical patterns, indicating
that our approach detects correlated IRD events under
circumstances where such a correlation would be ex-
pected. E. Antarctica and MS records in RC11-78, nearly
800 km to the west of these two cores, were then used
to test our ability to detect correlated IRD events over
broader spatial scales. After aligning the stratigraphies
of the cores based on E. Antarctica abundance, we found
that the MS peaks in RC11-78 are generally well cor-
related with those in the other cores with the excep-
tion of two thick volcanic ash layers in RC13-271 and
TN057-14 that may reflect local deposition. Eucampia
Antarctica stratigraphy offers excellent promise for cor-
relating events in Southern Ocean sediments.
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A 20.53 meter sediment sequence of Holocene glacio-
marine sediments was recovered in core NBP0003-
JPC38 from the Vega Drift, northern Antarctic Penin-
sula. Samples were collected every 4 cm from JPC38
for foraminiferal analyses to determine Holocene paleo-
ceanographic and paleoclimatic variability of the north-
ern Antarctic Peninsula margin. The foraminiferal
data were analyzed using principle component and clus-
ter analyses. Results of these analyses show signifi-
cant stratigraphic changes in the benthic foraminiferal
record of the Vega Drift. Transfer function analy-
sis of the foraminiferal data from JPC38, using mod-
ern foraminiferal biofacies of the Antarctic Peninsula
margin, indicate significant Holocene oceanographic
changes. Two dominant assemblages characterize the
core, the Textularia weisneri assemblage and the Stain-
forthia fusiformis assemblage. The bottom-most section
of the core, 16.0 meters to base, is dominated by the
calcareous S. fusiformis assemblage that also occurs in
several abrupt intervals within the upper 16 meters of
the core. This assemblage is characterized by abun-
dant calcareous forms including Globocassidulina biora, G.
subglobosa, Nonionella iridea and the planktonic species
Neogloboquadrina pachyderma. The S. fusiformis assemblage
has greatest affinities to modern assemblages found in
the higher productivity areas of the Larsen Ice Shelf
and western Antarctic Peninsula. The top 16.00 me-
ters (∼7000 yrs. BP to recent) of the core is domi-
nated by agglutinated forms, and defined by the Tex-
tularia weisneri assemblage. The unaltered T. weisneri
assemblage is similar to modern assemblages directly
to the south of the Vega Drift in the Prince Gustav
Channel. Most agglutinated forms tend to decrease
downcore, and comparisons to modern analogues im-
ply post-depositional disintegration. The altered as-
semblage is dominated by Miliammina arenacea, which
resists taphonomic dissolution. Interpretation of the
results from the foraminiferal analyses provides impor-
tant paleoceanographic information related to the de-
positional architecture of the Vega Drift as interpreted
from its sediment thickness, distribution and internal
structures.
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High resolution sediment archives on the Antarctic
continental shelf are providing detailed paleoenviron-
mental records with unprecedented resolution (for ex-
ample the Palmer Deep). Yet we are only beginning
to discover the true extent and nature of these sedi-
ment deposits. Geophysical data collected in 2000, on
the Nathaniel B. Palmer (NBP) in the northern Prince
Gustav Channel, discovered the presence of the Vega
Drift. The drift was originally believed to be restricted
to the northern Prince Gustav Channel, however addi-
tional swath bathymetric data gathered on the NBP
01-07 cruise in the Erebus and Terror Gulf revealed
that the Vega Drift extends much farther that once be-
lieved, with an estimated area of approximately 6,140
km2, making the Vega Drift is the largest sediment
drift on the Antarctic continental shelf. Drifts are ar-
eas where thick sequences of sediment have been de-
posited by deep-water bottom currents, which result
from thermohaline and tidal circulation. High reso-
lution acoustic Chirp profiles allowed us to develop a
detailed isopach of the deposit that revealed four dis-
tinct centers of drift accretion and surfaces of active
sediment erosion. This shows that the Vega Drift is a
channel-related drift with the depositional centers lo-
cated just outside the channels on basement highs while
a more broad sediment apron tapers off into the Erebus
and Terror Gulf. It is the confinement and then decel-
eration of currents in both the Prince Gustav Chan-
nel and the Antarctic Sound (as they enter the Erebus
and Terror Gulf) that provides the focus for deposi-
tion across a relict glacially sculpted surface. Com-
plementing the subsurface view of the drift are bottom
video surveys that reveal distinct contrasts in sediment
transport and erosion across the drift surface, consis-
tent with the deposit’s complex architecture. Drift ac-
cretion began in the early Holocene, perhaps Late Pleis-
tocene as revealed by jumbo piston cores in excess of
23 m in length. Sedimentation was marked by several
episodes of laminated diatom ooze and siliciclastic mud
deposition. Diatom ooze laminations are unique within
the Vega Drift, in regards to their species composition
when compared to other drift accumulations. Radio-
carbon dating of in situ molluscs provides a temporal
framework along with preservation of key laminations
of volcanic ash. The dynamic sediment history pre-
served within the drift deposits along with the preser-
vation of a diverse foraminifera assemblage makes the
Vega Drift an attractive target for paleoenvironmen-
tal study, as planned for the first SHALLDRILL initia-
tive.
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The transition between marine isotope stages (MIS)
5a and 4 appears in the stacked benthic foraminferal
d18O SPECMAP record as a gradual increase in ice
volume. In contrast, the transition occurs in the Green-
land ice core d18O records with two well-developed
interstadial events (I19 and I20), which are the first
Dansgaard-Oescheger events of the last ice age. The
MIS 5b/5a transition appears as a much more rapid
warming in both the Greenland ice and benthic d18O
records. Recent work (Lehmann et al. 2002, Chapman
et al. 1999) indicates that climate variability in MIS
5 as indicated in the Greenland ice record was closely
interconnected with iceberg discharges, surface temper-
ature changes, and deep ocean circulation in the North
Atlantic. In order to determine the response of deep
ocean circulation to climate changes from late in MIS
5 to full glacial MIS 4, we have measured Nd isotope
ratios from the Fe-Mn portion of core TNO57-21 from
the Cape Basin in the South Atlantic. Nd isotopes, un-
like nutrient water mass proxies, are not affected by
biological fractionation, and reflect the strength of the
North Atlantic Deep Water (NADW) signal in the sea-
water above the core site. Results from cores TNO57-
21 and RC11-83 (also from the Cape Basin) indicate
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that the NADW export to the Southern Ocean has var-
ied on time scales reflecting glacial-interglacial cycles
through MIS 4 (Rutberg et al. 2000) and during in-
terstadial events through MIS 3 (Piotrowski et al., Fall
AGU), and was stronger and weaker during warmer and
colder Northern Hemisphere climate intervals, respec-
tively. The extension of the Nd isotope record to MIS
5a and 5b indicates an increased NADW signal dur-
ing MIS 5, therefore the long-term pattern of strong
and weak NADW export during warm and cold periods
persists beyond the last ice age. The Nd isotope pat-
tern during MIS 4 through 5b generally corresponds to
the benthic foraminferal d13C record from Cape Basin
cores (Ninnemann et al. 1999), indicating that the pat-
tern of the carbon isotope record also generally reflects
ocean circulation changes. Over the transition to the
last ice age (MIS 5a to 4) the NADW signal rapidly
decreases toward LGM levels, and displays a smaller
decrease between the MIS 5b and 5a peaks. However,
during MIS 4 the NADW signal is stronger than dur-
ing the LGM, and during the MIS 5a and 5b peaks it
is weaker than during the Holocene. There is a larger
degree of millennial-scale variability in THC intensity
during MIS 5a than MIS 4, a pattern that is also ob-
served in MIS 3 and 2, respectively (Piotrowski et al.
Fall AGU). The sharp decrease in NADW intensity over
the MIS 5a/4 transition appears to correspond to the
end of interstadial 19 at 70 ka, in contrast with the
gradual increase in ice volume, which approached its
maximum at that time. This may indicate that the
system reached a threshold that forced a rapid change
to a different ocean circulation mode.
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A fairly complete Maastrichtian to Holocene marine
sequence 776 m thick was drilled at ODP Site 1172 on
the East Tasman Plateau. The ETP is a continental
fragment that rifted from the adjacent parts of Gond-
wana (Tasmania, South Tasman Rise and Lord Howe
Rise) in the Late Cretaceous and became part of the
southwest margin of the proto-Pacific. However, rapid
subsidence started only in the late Eocene. The ETP
lies just east of the Tasmanian Gateway that formed
as Australia and Antarctica separated in the Paleo-
gene, so Site 1172 was ideally located to monitor the
effects of its opening. Slow detrital sedimentation (av-
eraging 1.3 cm/ka) persisted until the latest Eocene in
this area east of the subsiding land bridge’ (Tasma-
nia and the South Tasman Rise) connecting Australia
and Antarctica. When the South Tasman Rise sepa-
rated from Antarctica at the Eocene-Oligocene bound-
ary (33.5 Ma), the Tasmanian Gateway opened, cur-
rents first connected the Indian and Pacific Oceans,
and pelagic carbonate sedimentation commenced. At
Site 1172, dinocysts, spores and pollen dominate the
Maastrichtian through middle Eocene microfossil as-
semblages, diatoms become abundant in the middle
Eocene, and calcareous nannofossils and planktonic
foraminifers dominate the Oligocene. The sequences
provide evidence of a complex interplay of tectonics,
paleoceanography including the onset of the Antarc-
tic Circumpolar Current, and Antarctic cooling and
glaciation. The ETP moved northward with Australia,
from 65◦S in the Late Cretaceous to 60◦S in the early
Oligocene. At Site 1172, during the Maastrichtian and
Paleocene (70-55 Ma) shallow marine mudstone was de-
posited in reducing conditions, while the onshore cli-
mate was humid and seasonally cool and supported a
conifer forest. Much of the Paleocene is missing. Cool
oceanic conditions characterised the Eocene (dinocysts
represent the Transantarctic Flora’). The early and
middle Eocene (55-37 Ma) was marked by slow subsi-
dence, a thick sequence of shallow marine mudstone de-
posited in increasingly open shelf conditions, and a uni-
formly wet and cool onshore climate with angiosperms.
There was faster subsidence in the late Eocene (37-
33.5 Ma), marine shelf mudstone gave way to glau-
conitic bathyal siltstone as the land bridge between
the Indian and Pacific Oceans subsided and strong cur-
rents caused condensed sedimentation, and the climate
cooled. When the Tasmanian Gateway finally opened
at the Eocene-Oligocene boundary, strong currents led
to a brief hiatus. Rapid Oligocene subsidence allowed
deposition of bathyal chalk and the onset of Antarctic
glaciation led to cooling.
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The transition between marine isotope stages (MIS)
5a and 4 appears in the stacked benthic foraminferal
δ18O SPECMAP record as a gradual increase in ice
volume. In contrast, the transition occurs in the Green-
land ice core δ18O records with two well-developed
interstadial events (I19 and I20), which are the first
Dansgaard-Oescheger events of the last ice age. The
MIS 5b/5a transition appears as a much more rapid
warming in both the Greenland ice and benthic δ18O
records. Recent work (Lehmann et al. 2002, Chapman
et al. 1999) indicates that climate variability in MIS
5 as indicated in the Greenland ice record was closely
interconnected with iceberg discharges, surface temper-
ature changes, and deep ocean circulation in the North
Atlantic. In order to determine the response of deep
ocean circulation to climate changes from late in MIS
5 to full glacial MIS 4, we have measured Nd isotope
ratios from the Fe-Mn portion of core TNO57-21 from
the Cape Basin in the South Atlantic. Nd isotopes, un-
like nutrient water mass proxies, are not affected by
biological fractionation, and reflect the strength of the
North Atlantic Deep Water (NADW) signal in the sea-
water above the core site. Results from cores TNO57-
21 and RC11-83 (also from the Cape Basin) indicate
that the NADW export to the Southern Ocean has var-
ied on time scales reflecting glacial-interglacial cycles
through MIS 4 (Rutberg et al. 2000) and during in-
terstadial events through MIS 3 (Piotrowski et al. Fall
AGU), and was stronger and weaker during warmer and
colder Northern Hemisphere climate intervals, respec-
tively. The extension of the Nd isotope record to MIS
5a and 5b indicates an increased NADW signal dur-
ing MIS 5, therefore the long-term pattern of strong
and weak NADW export during warm and cold periods
persists beyond the last ice age. The Nd isotope pat-
tern during MIS 4 through 5b generally corresponds to
the benthic foraminferal δ13C record from Cape Basin
cores (Ninnemann et al. 1999), indicating that the pat-
tern of the carbon isotope record also generally reflects
ocean circulation changes. Over the transition to the
last ice age (MIS 5a to 4) the NADW signal rapidly
decreases toward LGM levels, and displays a smaller
decrease between the MIS 5b and 5a peaks. However,
during MIS 4 the NADW signal is stronger than dur-
ing the LGM, and during the MIS 5a and 5b peaks it
is weaker than during the Holocene. There is a larger
degree of millennial-scale variability in THC intensity
during MIS 5a than MIS 4, a pattern that is also ob-
served in MIS 3 and 2, respectively (Piotrowski et al.
Fall AGU). The sharp decrease in NADW intensity over
the MIS 5a/4 transition appears to correspond to the
end of interstadial 19 at ∼70 ka, in contrast with the
gradual increase in ice volume, which approached its
maximum at that time. This may indicate that the
system reached a threshold that forced a rapid change
to a different ocean circulation mode.
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The early Oligocene Oi-1 event marks the develop-
ment of the first large ice sheets on Antarctica dur-
ing the Cenozoic. We have investigated this interval
through high-resolution study of the stable isotope and
minor element chemistry of planktonic foraminifera and
the stratigraphic distribution of ice-rafted debris at
ODP Sites 738 and 748 (southern Kerguelen Plateau).
At both Sites 738 and 748, a major pulse of ice rafting
occurs within the positive δ18O shift during the Oi-1
transition interval at ∼33.6 Ma. This correlation sug-
gests a maximum production of debris-laden icebergs
in the Prydz Bay region during the initial stages of ice-
sheet expansion in East Antarctica. These results are
consistent with ice-sheet models in which the Gamburt-
sev Mountains serve as one of the nucleation points for
ice-sheet development, with the Gamburtsev ice margin
reaching sea level in the Lambert Graben well before
smaller ice sheets coalesced and maximum ice volume
was attained. The paucity of ice-rafted debris during
the peak of the Oi-1 event may indicate a period of ice-
sheet stabilization at maximum ice volume and, pos-
sibly, a change in the character of glaciation to cold-
based conditions, with a decrease in rates of ice calving

and/or a decrease in the sediment load of icebergs ex-
iting Prydz Bay. Mg/Ca data from the surface-dweller
Chiloguembelina cubensis indicate no significant change in
surface-water temperatures across the Oi-1 transition.
Previous Mg/Ca results from benthic foraminifera have
similarly suggested no change in Southern Ocean deep-
water temperatures (Lear et al., 2000). If no temper-
ature change in surface or deep waters is assumed at
Site 748, a damping of the δ18O signal in C. cubensis,
relative to the 1.2o/oo increase recorded in Subbotina
angiporoides and Cibicidoides spp., can be interpreted as
a negative surface δ18OSW anomaly. This anomaly
is greatest during the interval of intense ice rafting,
providing support for a local decrease in surface-water
salinity. A freshening of surface waters may have re-
sulted in a more stratified water column during the Oi-1
interval. This physical change in water-column struc-
ture may have contributed to the success of siliceous
plankton and led to the observed increase in opal accu-
mulation during the Oi-1 event.
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New high resolution records of bulk magnetic pa-
rameters (ARM, IRM, and low field susceptibility) of
cores taken in the South Indian Ocean, northeast of the
Kerguelen plateau document a coherent signature dur-
ing the last glacial epoch and the previous interglacial,
with marked variations at a millennial scale. We inter-
pret this signal as tracing past changes in the deep-sea
currents which erode the Kerguelen plateau and trans-
port material to the studied sites. These profiles can be
precisely correlated with the dust record obtained from
Vostok and Epica (Petit et al., 1999, Delmonte et al,
submitted). This suggests coherence at the millennial
scale between eolian activity which transports dust to
east Antarctica site and marine current activity in the
southwestern sector of the Indian ocean. With this cor-
relation, the Laschamp geomagnetic event recorded in
the MD94-103 marine core is recorded below the posi-
tion of the 10Be peak (Yiou et al., 1985) deduced from
correlation with Vostok and EPICA ice core (Schwan-
der et al., 2001). Two different causes may explain
this difference. It may indicate that the climatic varia-
tions recorded in the ice around 41 kyr B.P. lead those
recorded in the sedimentary cores by 500 to 750 years.
Alternatively, it may indicate a non-zero lock-in depth,
of about 10-15 cm, for the Natural Remanent Magneti-
zation (NRM) signal recorded in core MD94-103. This
second hypothesis would imply that the age model of
core MD94-103, which was deduced from a geomagnetic
correlation to Napis-75 in the 30-50 kyr B.P. interval
(Mazaud et al., 2002), has to be shifted towards older
ages by approximately 500 to 750 years. Implications
of both scenarios on phasing with climatic records from
the North hemisphere will be also discussed.
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Ice penetrating radar (mostly airborne) and marine
seismic surveys have revealed plateaus and terraces be-
neath parts of the Ross Embayment including the West
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Antarctic ice sheet, the Ross Ice Shelf, and the east-
ern Ross Sea. These surfaces cover many thousands of
square kilometers and are separated by bedrock troughs
cut by the West Antarctic ice streams. Elevations of
the plateaus vary from about 100-250 m below sea level
(bsl) near the Edward VII Peninsula in the eastern Ross
Sea to about 350 m bsl along the Siple Coast. Airborne
geophysical surveys over a 350 by 450 kilometer area of
western Marie Byrd Land (MBL) mapped one of the
largest plateaus, a 300 km by 100 km level surface at
about 250 meters bsl at the boundary between the Ross
Embayment and MBL. We interpret these surfaces as
remnants of a continental shelf formed by wave erosion
when the coastal regions of Antarctica were relatively
free of ice. The generally flat and level nature of the
surfaces that are near the same depth over large dis-
tances supports an interpretation of an origin by ma-
rine rather than glacial erosion. Marine seismic reflec-
tion profiles over one of the plateau remnants in the
Eastern Ross Sea west of Edward VII Peninsula show
thin, flat-lying glacial marine sediments draped with
angular unconformity over gently dipping RSS2 sedi-
ments of Early Miocene age. Combining this age con-
straint with ice sheet and global sea level histories sug-
gests that the shallower plateaus were last eroded in the
early Middle Miocene, about 15 Ma, prior to formation
of the modern West Antarctic ice sheet, and when sea
level was at least 30-50 m higher. The plateau sur-
faces might be correlated to Ross Sea unconformities
including RSU5 and RSU4. One possible explanation of
the present depths consistent with forming the plateaus
near Miocene sea level is that a model for removal of
extremely thick early Holocene ice, such as ICE-3G is
approximately correct, and current bedrock depths are
at least 200 m below isostatic equilibrium. Free Air
gravity anomalies of about -30 milligals in the region
are consistent with it being depressed below isostatic
equilibrium by at least this amount. The plateaus along
the Siple Coast, with depths around 350 m bsl, do not
rebound to close to either present or Miocene sea level
for simple models of removing the current and Holocene
ice load. Another part of the explanation may be that
the lithosphere was heated and at higher elevation in
Oligocene time due to substantial extension or intense
mantle plume activity. Subsequent cooling has caused
a moderate amount of crustal subsidence since then so
that rebound alone does not return the surfaces to sea
level or above.
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The objective of this study is to advance our under-

standing of the late Cenozoic environmental history of
East Antarctica as part of a multiparameter interdisci-
plinary project. We analyzed a set of 500 samples taken
at 10 k.y. resolution from the Plio-Pleistocene section
at Ocean Drilling Program Site 1165. The site is lo-
cated on Wild Drift, a thick contourite deposit on the
continental rise off Prydz Bay, East Antarctica. The
data set provides a 5 m.y.-old record of environmen-
tal change and ice-sheet history with the opportunity
to link the histories of the Antarctic Ice sheet and the
distal ocean-current and climate systems. As part of
this project we investigated the sources of magnetic
remanence and magnetic susceptibility variations by
characterizing rock magnetic properties. Variations in
grain size, mineralogy, and concentration of magnetic
grains reflect pre- and post depositional environmen-
tal changes, yielding clues to fluctuations in climate,
source material, and depositional environments. From
the beginning of the record at about 5 Ma through-
out the early Pliocene the concentration of magnetic
material varies very little, while the magnetic mineral-
ogy and the magnetic grain size (S-ratio, and ARM/k
and ARM/IRM ratios) shows various large and small
scale cycles. A remarkable change occurs at 34 mbsf
in the lowermost, normal interval of the Gauss Chron,
at about 3.4 Ma(?), where the magnetic grain size in-
creases dramatically. This significant change is ex-
pressed in non-magnetic measurements as well, and
may coincide with the beginning of ice rafting in the
South Atlantic during MIS MG2, just above an inter-
val without any IRD (Murphy et al., 2002). Another
significant change in the magnetic properties occurs at
30-28.5 mbsf (around 3.3 Ma) where the magnetic con-
centrations drop to very low values and the magnetic
properties are carried by a high-coercivity component.
These changes may reflect climate variations or changes
in the location of the source area within the Lambert-
Graben drainage area.
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Since the beginning of glaciation of West Antarc-
tica, changes of glacial and interglacial periods af-
fect the sediment supply across the shelf and onto
the deep sea. Along the slope and rise of the con-
tinental margin of the Antarctic Peninsula, Cenozoic
sediments were deposited which development was in-
fluenced by ice sheet fluctuation and mass transport
processes. Thus, both the sediment stratigraphy and
the physiography of the sea floor reflect the history of
the West Antarctic ice sheet as well as processes that
transport, erode and deposit sediment along the outer
shelf, slope and rise of the continental margin. We
present interpretations of multichannel seismic reflec-
tion data produced along and across the sparsely inves-
tigated continental rise of the western Bellingshausen
Sea. This new seismic line links previously data sets
of the eastern Bellingshausen Sea and the Amundsen
Sea and contributes to a better understanding of the
glacial-marine sedimentation processes along the West
Antarctic margin. We could identify three sedimentary
units, named Unit 1, 2 and 3. The lowermost Unit 3
is characterised as ”Low-deposition Stage”, represent-
ing the pre-glaciation stage. Unit 2 seems to reflects
the onset of the glaciation on the continental shelf and
can be termed as ”Transition Stage”. The uppermost
Unit 1 is made of terrigenous sediment material trans-
ported by shelf ice across the shelf edge. The corre-
lation with a profile orientated perpendicular to the
slope shows that the boundary between the units 2 and
1 coincides with the base of a sediment wedge that con-
sists of strong prograding shelf sequences, a strong ev-
idence for shelf ice deposits. Thus, the boundary be-
tween units 2 and 1 indicates the advance of shelf ice
up to the shelf edge, where transported sediment mate-
rial was deposited. The onset of this advance along the
margin of Antarctic Peninsula occurred approximately
in the mid to late Miocene (about 5-8 Ma). However,
an exact dating of the onset along this margin is dif-
ficult due to the far distance to the closest ODP Drill
Sites 1095 and 1096.
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Abstract Ice-proximal glacial marine sediments
from the Antarctic continental margin retain ice raft-
ing events as proxy record for change in the volume and
extension of the Antarctic ice sheet throughout glacial-
interglacial cycles. However, the sedimentary sequences
from the Ross Sea continental margin remain rela-
tively poorly understood and most research has been
focused mainly on continental shelf sequences during
the last past decades. We present a data set (i.e., X-ray
lithology, Multi Sensor Core Logger physical data, and
preservation of biogenic carbonates), obtained from six
deep-sea cores (1991-1999 Italian Antarctic Research
Programme, PNRA - Summer cruises). Specifically,
the cores were collected from a) the central East-
ern sector (i.e., Core ANTA95-89C, depth: 2056 m,
length: 401 cm and Core ANTA99-c22, depth: 2650
m, length: 851 cm); b) the central Western sector (i.e.,
Core ANTA99-c23; water depth: 2158 m, length: 548
cm; and ANTA99-c24, water depth: 2750 m, length:
811 cm); and c) the North Western sector (i.e., Core
ANTA91-08C, and ANTA91-02C) of the Ross Sea Con-
tinental slope. Well-preserved calcareous foraminifers
(N. pachyderma, sx) in coarse-grained IRD materials

sparsely occur and/or are concentrated in discrete lay-
ers (i.e., up to 22 cm-thick) of at least three cores
(i.e., Cores ANTA91-08, ANTA91-02, and ANTA95-
89C, e.g., at 217-238 cm-depth). Some carbonate lay-
ers were deposited during a period of time bracketing
Stage3/Stage2. In Core 89C foraminifers are associated
to multiple ice rafting episodes and likely occurred with
oceanographic changes in the properties of slope water
masses. The search of well-preserved, in situ-deposited,
polar carbonates is demanded for a reliable C-14 AMS
dating of late Pleistocene events in the Ross Sea.
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The final disintegration of the Larsen B Ice shelf
(March 2002) was a significant event in the history of
glaciology. During NBP01-07, the Larsen B Ice shelf
area was surveyed as a continuation of a multi-year
investigation of the sediment processes and paleohis-
tory of the Larsen B. Six kasten cores (KC1-KC6) were
recovered from the Larsen B inlet at depths ranging
from 438 m to 676 m. These cores were sampled at
2 cm intervals for grain size analysis and water con-
tent. Ice rafted debris (IRD) content was obtained
by observing x-rays and counting at 2.5 cm intervals.
Magnetic susceptibility was measured every 2.5 cm us-
ing the Bartington MS2C 44 mm sensor. 14C-calcite
dates were obtained from the top 20 cm in KC2 and
KC5. Results from the data allowed for the construc-
tion of a general litho-stratigraphy of the Larsen B Ice
shelf depositional environments prior to its collapse.
KC1-KC6 consist of three main units (from top to bot-
tom): (1) sandy silty clay, (2) stratified sandy mud
and muddy sand with granules, and (3) structureless
muddy-diamicton. Three different depositional envi-
ronments are suggested based on the sedimentological
features of these units: open-marine, transitional, and
glacial. The gravel pavement (0-1 cm) on top of KC5
was deposited as a product of the Larsen B Ice Shelf
calving event in 1999. This is significant to our inter-
pretation of the Larsen B’s sedimentary processes and
paleohistory because the stratigraphy of the Larsen A
(Pudsey et al. 1998) does not show these angular peb-
bles and cobbles on top of unit 1, but rather biosiliceous
ooze in its silty clay unit . Furthermore, 14C-calcite
dates from KC5 (2,300 +/-35 at 2 cm, 2,760+/-35 at
5 cm, and 9,210+/-45 at 20 cm) and KC2 (3,710+/-
40 at 2cm, 9,760+/-45 at 15cm, and 10,600+/-55) help
confirm that the Larsen B has not experienced a his-
tory of recession and reformation since the end of the
last Ice Age. Instead the ice shelf seems to have been
in place for some time while embayments to the north
were experiencing open marine conditions (Domack et
al., 2001 & Pudsey et al., 2001). Thus, our investi-
gation illustrates that the disintegration of the Larsen
B Ice Shelf was an unprecedented event in which its
litho-stratigraphy indicates a sub-ice shelf environment
formed during the entire Holocene.
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