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not show the large and rapid D14C changes previously
recorded in a stalagmite from the Bahamas (Beck et al,
Science 2001). The D14C values estimated from M1-
2 are significantly higher than those estimated from a
marine 14C record (foraminifera) from Cariaco Basin
for the same time period (Hughen et al. in prep). In
the latter, D14C values decrease to near 0 at about 44
ky BP. The most likely reason for this discrepancy are
the two different time scales used; the Cariaco Basin
is matched to the GISP2 timescale, which is approxi-
mately 5000 years younger than indicated by the sta-
lagmite U/Th chronology (Burns et al, Science 2003).
When the Cariaco basin record is adjusted to the M1-2
timescale, the D14C values for both datasets are simi-
lar.
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Two new packrat midden (Neotoma spp.) chronolo-
gies reveal glacial to interglacial changes in vegeta-
tion and climate in the Playas and San Simon Valleys
in the U.S.A.-Mexico Borderlands. The Borderlands,
where the states of Arizona and New Mexico intersect
with each other and the Mexican states of Chihuahua
and Sonora, are characterized by several northwest-
southeast trending and tilted fault-block ranges sep-
arated by closed topographic basins. These basins now
contain ephemeral playas, but held pluvial lakes (An-
imas, Cloverdale, Cochise, Goodsight, Hachita, Palo-
mas, Playas) during the Pleistocene and lesser lakes
sporadically in the Holocene. Plant macrofossil and
pollen assemblages from middens indicate vegetation
along pluvial lake margins consisted of open pinyon-
juniper communities dominated by Pinus edulis, Ju-
niperus scopulorum, Juniperus cf. coahuilensis and a
rich understory of C4 annuals and grasses. Although
both lake and pinyon-juniper expansion across the low-
lands have been attributed to greater winter precipi-
tation, the summer-flowering understory, characteris-
tic of modern desert grassland in the Borderlands, in-
dicates at least moderate summer precipitation during
the late glacial. The U.S.A.-Borderlands may have been
the only area in the western half of the coterminous
United States to “green-up” in July and August, and
may have offered seasonal refuge from the dry fire sea-
son to the north. Late glacial summer precipitation
in the Borderlands may explain the concentration of
megafauna and paleoindian sites dating from this pe-
riod in the area. A transition to a warmer, drier cli-
mate is inferred from the extirpation of Pinus edulis
from the lowlands of the Playas and San Simon Valleys
by 10,300 14C yr B.P. The disappearance of pinyon and
change to more xeric oak-juniper communities is con-
temporaneous with other midden sites in the northern
Chihuahuan Desert and may have occurred abruptly
during the “Clovis-aged Drought” when the water ta-
ble at nearby Murray Springs dropped to unusually
low levels just before 10,900 14C yr B.P. Few middens
in our series dated from the middle Holocene (8000 -
4000 14C yr B.P.), a period during which middens are
scarce across the Southwest. The gap was previously
attributed to hydrologic drought during the middle
Holocene and declines in woody perennials and packrat
populations. However, beach ridge and lacustrine de-
posits from Laguna El Fresnal and Laguna Santa Maria
indicate wetter than present conditions in the Border-
lands during the middle Holocene. The late Holocene
is marked by the arrival of Chihuahuan Desert scrub
elements and few departures. Desertscrub elements be-
gin to appear by about 4000 14C yr B.P., marking the
transition to present-day vegetation. Larrea tridentata
and Fouquieria splendens, two of the dominant desert
species present at the sites today; both appear later
than in surrounding areas.
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Packrat (Neotoma) midden macrofossil records from
arid and semiarid western North America provide ev-
idence that pinyon pines and woodland junipers have
grown together for at least the past 50,000 radiocar-
bon years. The midden records show that this as-
sociation was sustained despite large-scale changes in
climate and atmospheric CO2 concentrations over the
past 50 millenia. Reconstruction of physiological pa-
rameters, using 13C analysis of a select sample of
pinyon pine and juniper macrofossils from radiocarbon-
dated ancient packrat middens, shows distinct physical
responses to these changes despite a offset between the
carbon isotopic values of the two genera, with pinyon
pines having consistently lower 13C values than ju-
nipers. Remarkably, analysis of historic (from herbar-
ium sheets) and present-day (from field collections) ma-
terials from northern Arizona and the Four-Corners re-
gion indicates that the long-term offset between the
carbon isotopic values of pinyon pines and woodland
junipers has inverted; with the junipers now providing
isotopically lighter values than the pinyon pines. This
reversal began in the late 1800’s to early 1900’s and
has widened over the past century. The inverted iso-
topic offsets in the historic period may be due to the
unprecedented levels of carbon dioxide and other trace
gases in the atmosphere.
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Using fossil fish teeth from ODP site 689 (2080m,
Maud Rise) we have generated a 28 Myr record of Nd
isotope ratios and concentrations for the early middle
Eocene to early Miocene at an average resolution of
250-300 kyr. εNd(T) values documented in this time
series range from -9.5 to -7.35, and demonstrate a pat-
tern of secular variations that is remarkably similar to
benthic foraminiferal δ13C records from this site. This
correlation suggests that secular variations of εNd(T)
values observed at site 689 are related to changes in
ocean circulation and may provide insight into the his-
tory of water mass circulation in the Southern Ocean.
Early middle Eocene εNd(T) values average -9.25 and
display little variation compared to younger portions of
the record, which illustrate long term oscillations be-
ginning in the late middle Eocene. Starting at 40.8 Ma
εNd(T) values increase over a 6 Myr interval from -
9.4 to -7.35 in a stepwise fashion. Although εNd(T)
values begin to rise during the late middle Eocene the
period of most rapid change occurs in the late Eocene
(after 37 Ma). εNd(T) values begin to fall in the earli-
est Oligocene reaching -8.75 at 30 Ma, then rise to -7.75
during the late Oligocene, but fall again to -8.75 by the
end of the Oligocene. A hiatus occurs from the latest
Oligocene to early Miocene. Following that interval,
late early Miocene values average -8.5. Throughout the
record the most radiogenic Nd isotopic compositions
(∼ -7.5), are associated with high δ13C values (1.2-1.4
o/oo), while nonradiogenic Nd isotopic compositions
are associated with lower δ13C values (.2-.4 o/oo). The
subsidence curve constructed for site 689 indicates a
middle Eocene paleodepth of 1200-1500 m. A mean
εNd(T) value of -9.25 during the middle Eocene possi-
bly reflects upward mixing of Warm Saline Deep Water
(WSDW) from the Tethys Sea, which has been docu-
mented at a deeper site on the Maud Rise (690) on the
basis of an oxygen isotopic inversion between the two

sites (Kennett and Stott, 1990). If this interpretation is
correct, these data are the first to characterize the Nd
isotopic signature of Paleogene WSDW in the Southern
Ocean. The rapid shift toward radiogenic εNd(T) val-
ues at 37 Ma in this time series is coeval with a change
in climate-productivity-ventilation patterns at this site
(Diester-Haass and Zahn, 1996) based on stable iso-
topes and benthic foraminiferal accumulation rates. We
suggest that the early opening of the Drake Passage
at 37 Ma created or strengthened the proto Antarc-
tic Polar Front (pAAPF) south of site 689. Rapidly
increasing εNd(T) values at this time could represent
the Cenozoic precursor to Antarctic Intermediate Wa-
ter (AAIW) combined with the inflow of radiogenic Pa-
cific Water through the Drake passage. This interpre-
tation in consistent with increasing δ13C values and
the apparent position of the pAAPF based on micro-
fossil assemblages in the Southern Ocean (Cooke et al.,
2002). Oligocene oscillations of εNd(T) values may be
related to the appearance of cold, dense Antarctic Bot-
tom Water (AABW) following first major Antarctic ice
growth. The presence of AABW may have caused the
depth of the mixing zone between WSDW and AAIW
to shoal, resulting in lower εNd(T) values at site 689.
By the late Oligocene there is evidence that the Drake
Passage was open to deep water flow (Scher and Mar-
tin, 2003) and it is likely that Circumpolar Deep Water
(CPDW) became the bottom water mass at this site.
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The Paleocene-Eocene Thermal Maximum (PETM;
55 Ma) is marked by a 2-3o/oo negative carbon-
isotope excursion (CIE), increased temperatures, re-
duced ocean-atmosphere circulation, and intensified
oceanic carbonate dissolution. The most parsimonious
mechanism to drive these global patterns was a massive
methane hydrate destabilization that released methane
to the ocean-atmosphere and elevated pCO2. PETM
reconstructions of the Southern Ocean are based largely
on the lower-bathyal ODP Site 690 (South Atlantic Sec-
tor; 1,900 m paleodepth). To improve our understand-
ing of this climatically sensitive region, we determined
cm-scale variations in bulk-carbonate stable-isotopes
and wt% carbonate through the PETM at the lesser
known middle-bathyal ODP Sites 689 (Atlantic Sec-
tor; 1.1 km paleodepth) and 738 (Indian Sector; 1.3
km paleodepth). Sites 689 and 738 both contain three
stratigraphic intervals of relatively stable δ13C values
through the CIE onset; we view these intervals as co-
eval to similar intervals at Site 690, which Bains et al.
(1999) interpret as pauses between distinct methane re-
leases. This congruence suggests that Sites 689 and 738
are as stratigraphically complete as Site 690 through
the CIE onset, although much of the subsequent CIE
recovery interval is lost in a coring gap at Site 689.
Through the CIE recovery interval, Site 738 δ13C in-
creases by 0.8o/oo over an ∼5-cm interval compared to
an equivalent increase over a greater than 150-cm inter-
val at Site 690. Rather than a hiatus, we hypothesize
that this Site 738 pattern records ocean-atmosphere
δ13C changes at a relatively constant MAR, which is
consistent with Farley and Eltgroth’s (2003) Site 690
3He data indicating increased MARs through the CIE
recovery interval. These findings imply that (1) the
MAR increase was not circum-polar, and (2) carbon
cycling/removal from the ocean-atmosphere reservoir
was more rapid than previously estimated. Carbonate
saturation is a critical parameter in carbon-cycle dy-
namics; wt% carbonate may provide a first-order esti-
mate of carbonate saturation changes by assuming con-
stant carbonate export production. Sites 689 and 738
wt% carbonate values drop markedly at the CIE onset
as predicted by the methane hydrate hypothesis and
documented at deeper pelagic PETM sections. Unlike
deeper records, Site 689 and 738 wt% carbonate val-
ues then transiently increase, stabilize, and drop again
at the third and final δ13C step-decrease during the
CIE. Following this second drop, wt% carbonate val-
ues at both middle-bathyal sites rapidly increase to
pre-CIE values within the CIE minimum, while val-
ues at the lower-bathyal Site 690 gradually increase
through the CIE recovery interval. We hypothesize
that these patterns reflect carbonate saturation pro-
file changes in response to pulsed pCO2 increases from
distinct methane releases. Specifically, given that wt%
carbonate values remain suppressed at Site 690, we in-
terpret the “double-dip” pattern at Sites 689 and 738
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as two distinct lysocline shoalings to at least middle-
bathyal depths. If true, current PETM models may un-
derestimate the magnitude of carbonate undersatura-
tion, and thereby the methane volume released, during
the PETM.
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Sequence boundary ages identified in shallow-water

sediments obtained from ODP Leg 189 Site 1171 com-
pare well with other stratigraphic records (New Jer-
sey USA and Northwest Europe) and oxygen isotope
increases, indicating that significant global sea-level
changes (>10 m) occurred during the late early to
middle Eocene (51-42 Ma). Six sequence boundaries
were identified and dated using lithology, water-depth
changes, age control (bio- and magnetostratigraphy),
and CaCO3 content and physical properties (e.g., pho-
tospectrometry). Benthic foraminiferal biofacies and
planktonic/benthic foraminiferal ratios were used to
estimate water-depth changes. Glauconitic clays and
silts occur above the basal surface with increasing wa-
ter depths indicated by foraminiferal studies (trans-
gressive systems tracts). This is overlain by decreas-
ing glauconite silt and maximum nannofossil percents,
and an increase in CaCO3 content (condensed section),
which is followed by a decrease in CaCO3 content as
clays then silts increase up section as water depths
decreased (highstand systems tracts). A comparison
of sequence boundary ages from Site 1171 (50.9, 49.2,
48.5, 47.8, 47.1, 44.5 and 42.6 Ma) to oxygen isotope
increases shows a good correlation. Additionally, se-
quence boundaries identified in Eocene studies from
Leg 150X onshore boreholes (New Jersey, USA) and
NW Europe compare well with the timing of sequence
boundary development at Site 1171. The synchronous
nature of sequence boundary development from glob-
ally distal sites and oxygen isotope increases indicates
a global control. The only mechanism that can ex-
plain these large rapid changes is glacioeustasy. This
is supported by modeling studies (Deconto and Pollard,
2003) and CO2 estimates (Pearson and Palmer, 2000)
showing that the first time CO2 levels decreased below
a threshold that would support the development of an
ice sheet in Antarctica was at ∼51 Ma. Estimates of
sea-level amplitudes range from 20±7 m for the early
Eocene (51-49 Ma) and ∼25±8 m to ∼45±14 m for the
middle Eocene (48-42 Ma) using constraints established
for the Oligocene oxygen isotope records.
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At the end of Eocene extensive plate tectonic

events affected a reorganisation of the southern world’s
oceans. The opening of the Tasman and Drake passages
enabled a first establishment of an initial Antarctic Cir-
cumpolar Current (ACC) with a frontal system. Cool-
ing and glaciation of the Antarctic was reflected in an

enhanced latitudinal temperature and density gradient,
and a stronger mixing of the high latitude vertical wa-
ter column. The beginning of the ACC enhanced an
austral upwelling system. Serveral DSDP/ODP sites of
the Southern Ocean and the lower latitudes have been
investigated to recover long term productivity patterns
from the middle Eocene to the late Oligocene. A multi-
proxy approach including biological, sedimentological
and geochemical proxies is chosen. The aim of the
study is a reconstruction of the productivity in south-
ern high latitudes in comparison to lower latitudes.
Changes in paleoproductivity at the Eocene-Oligocene
transition took mainly place in the southern high lat-
itudes. Here we note a change to higher paleoproduc-
tivity starting in the latest Eocene or at the Eocene-
Oligocene transition. In the Weddell Sea the benthic
foraminifera fauna indicate an increase in seasonality.
In equatorial oceans, we have no indications for a shift
to higher paleoproductivity at the Eocene-Oligocene
transition. On the contrary a few sites show a shift
to lower productivity at or after the transition. Sites
between 40 and 50 degrees paleolatitudes near Aus-
tralia and New Zealand show changes to higher pale-
oproductivity, but changes at the northern site are not
highly significant. Changes in paleoproductivity were
forced by the reconstruction of ocean circulation. The
stronger mixing of the water column, the beginning up-
welling and the enhanced bottom water production ef-
fected an increase of southern high latitude productiv-
ity. Oceanographic changes in lower latitudes were less
dramatic. Surface water temperatures were nearly con-
stant while the bottom waters cooled. Vertical stability
of the water column increased and therefore changes in
paleoproductivity were either negligible, or negative.
The boundary between the areas may be at 30-40 de-
grees S.
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The middle Miocene global climate transition (16.8
to 12 Ma) represents a critical step in Cenozoic climate
evolution, separating warmer early from cooler late
Neogene climates. Between 14.0 and 13.8 Ma, Earths
climate cooled abruptly, as manifested by the globally
recognized ∼1o/oo δ18O increase. This increase is in-
terpreted to reflect some combination of global cool-
ing and increased Antarctic ice volume. Given limita-
tions of δ18O as a temperature proxy, debate exists as
to the relative proportions of ice growth and tempera-
ture change encompassed in the middle Miocene δ18O
increase. Foraminiferal Mg/Ca ratios provide an in-
dependent geochemical temperature proxy that should
assist with separating temperature and ice volume sig-
nals contained in middle Miocene δ18O records. Such
separation is fundamental to improved understanding
of mechanisms forcing this major Cenozoic climate re-
organization. Previous studies of benthic foraminiferal
Mg/Ca at relatively low resolution across the mid-
dle Miocene δ18O increase indicate that global deep
waters cooled ∼2-3◦C and Antarctic ice volume in-
creased by ∼30%. Thus, benthic foraminiferal Mg/Ca
studies conducted at moderate to high resolution be-
tween 16.8 and 12 Ma may provide insight into feed-
backs involved in Antarctic cryosphere expansion and
global climate evolution. Studies conducted in the
high Southern latitudes may also provide critical in-
formation concerning changes in meridional heat flux
to the Southern Ocean. We have generated a ben-
thic foraminiferal (C.mundulus) Mg/Ca record from
the South Tasman Rise (STR) in the Pacific sector of
the Southern Ocean (ODP Site 1171: paleolatitude-
55◦S, paleowater depth- 1600m) to assess the poten-
tial for using Mg-paleothermometry to reconstruct mid-
dle Miocene deep water temperatures. For the Mg/Ca
temperature proxy to be successful on pre-Quaternary
timescales, several factors are crucial: very well pre-
served foraminiferal CaCO3 and the presence of fos-
sil species for which there are modern analogues with
Mg/Ca temperature calibrations. At Site 1171, down
core variations in C.mundulus Mg/Ca are similar to
those observed in the paired δ18O record. Both ben-
thic foraminiferal Mg/Ca and δ18O records exhibit
significant variability during the middle Miocene Cli-
matic Optimum (MCO; 16.5-14.0 Ma) and less after
the major δ18O increase (13.7-12.5 Ma). We employ
the Cibicidoides sp. Mg/Ca-temperature calibration
of Martin et al (2002) to estimate STR bottom water
temperatures (∼1600m) from the Mg/Ca record. Pa-
leotemperatures suggest that bottom waters fluctuated
between 5 and 8◦C during the MCO. Across the middle
Miocene δ18O increase (1.2o/oo; 14.0-13.7 Ma) STR

bottom waters cooled ∼1.5◦C, from 6.5 to 5◦C. Calcu-
lations of seawater δ18O (δ18Osw) from C.mundulus

δ18O and Mg/Ca-derived temperatures suggest an av-
erage δ18Osw increase of ∼0.5o/oo between 14 and
13.8 Ma. This preliminary estimate suggests a major
expansion of the Antarctic cryosphere was encompassed
in the middle Miocene δ18O increase. While the exact
phasing of ice volume and temperature change has yet
to be determined, our results suggest that the reorga-
nization of heat and moisture supply to the high south-
ern latitudes played a major roll in forcing the middle
Miocene climate reorganization.
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The middle-Miocene expansion of the East Antarc-
tic Ice Sheet (16-14 Ma) is well documented in records
of foraminiferal δ18O values. Here, this time interval is
revisited with a study using Mg/Ca ratios paired with
δ18O values from benthic foraminifera from subtropical
western Pacific Site 588A; this approach allows com-
ponents of seawater δ18O (δ18Osw) fluctuation and
deep water temperature change to be calculated allow-
ing for more judicious assessment of δ18Osw values,
and inferences about ice volume changes. During the
interval of mid Miocene ice sheet expansion, our study
reveals a longer-term trend of increasing Mg/Ca ratios
between 16 -14.5 Ma, followed by a rapid recession to
minimum ratios between 14.5 and 14 Ma. After this
relatively sharp decline, Mg/Ca ratios remain stable
until 12 Ma, whereupon they begin to increase again.
Our Mg/Ca data illuminate a ∼2◦ C warming trend
during the majority of the mid Miocene epoch of ice
growth (16-14.5 Ma). The warming is followed by more
rapid cooling by the same amount the in the bottom
water regime at this site. These temperature changes
could not have been discerned from the δ18O record
alone, which is generally interpreted to reflect, in part,
a bottom water cooling during this time (e.g., Flower
and Kennett, 1993). The mid Miocene warming trend
apparent in the Mg/Ca data implies that either the
amount of ice growth on Antarctica has been under-
estimated or that there is a regional water-mass effect
on the δ18Osw that is being masked in the benthic
foraminiferal δ18O record. Forthcoming work focusing
on this particular interval of time will help to resolve
regional versus global changes in the δ18Osw; Site 588
may be sensitive to variations in regional intermediate
water masses perhaps linked to changes in the subtrop-
ical front or intermediate water masses intruding from
the Indian Ocean.
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Because of its role in biological productivity and its
tendency to be preserved in sediments, records of phos-
phorus (P) burial (reactive P concentrations and accu-
mulation, P/Ti ratios) have been used as proxies of ex-
port production. Unlike organic C, P is redistributed
into different sedimentary pools during diagenesis and
much of the sedimentary P flux to the seafloor may ac-
tually be retained in sediments in certain depositional
environments. At three sites in the southeastern At-
lantic Ocean and one site off the coast of Tasmania, we
have systematically compared detailed P geochemistry
with P/Ti ratios from bulk sediment geochemistry. We
have verified that in these settings P/Ti ratios reflect
the reactive P component, which is indicative of P that
was once bioactive. However, based on quantification
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of opal intrinsic P, we have discovered that the com-
monly used SedEx reaction scheme does not liberate
organic P found within opal. P/Ti ratios are a use-
ful proxy because the ratios are resistant to the effects
of dissolution and potentially sediment focusing, and
they are not influenced by sediment type. Using down-
core P/Ti ratios as a proxy for export production in
the Southern Ocean is particularly useful because of
the variability in sediment type and the paucity of car-
bonate at some sites. Surprisingly, maxima in P/Ti
ratios over the last 1 Ma tend to occur at all sites
at glacial terminations, regardless of position relative
to important frontal zones. These findings are in con-
trast to other work suggesting that productivity north
and south of the Antarctic Polar Front is opposite on
glacial/interglacial time scales. We suggest that the
increases in export production at terminations are re-
lated to changes in surface ocean circulation, nutrient
delivery, and sea-ice interactions.
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Based on results from Ocean Drilling Project Site
1098 in the Palmer Deep, we have a highly resolved
record of West Antarctic Holocene climate evolution
as traced by terrigenous provenance, terrigenous accu-
mulation, nutrient utilization, and surface and export
production. Biogenic opal, Corg, and P accumulation
rates all increase ∼2000 years B.P., reaching a maxi-
mum ∼5500 to 7000 years B.P. Opal concentrations are
less variable, yet indicate that biosiliceous production
increased during the mid-Holocene. 13C/12C in bulk
organic matter are high (with values similar to ice-edge
bloom products) ∼4500 to 7000 years B.P., signifying
stronger diatom bloom events during the mid-Holocene.
Prior to∼3000 years B.P., δ15N was lower for ∼2000
years, resulting from less complete utilization of photic
zone nitrate. The Al/Ti ratio indicates a change in
terrigenous composition ∼3500 years B.P. indicating a
change in source, weathering style, and/or intensity. To
date, there are few comparable records from the East
Antarctic Margin. Here, we present preliminary results
from a 25-meter core recovered from the MacRobert-
son shelf of East Antarctica. These sediments are lam-
inated diatomaceous muds comprising a two-component
system of biogenic opal (20-50%) and terrigenous mate-
rial, very similar in character to the Palmer Deep sedi-
ments. Our current age model is based on a total of 10
AMS C14 dates. Opal concentrations at this site do not
vary considerably through the middle to late Holocene.
However, during the early Holocene there appear to be
large and frequent changes in opal. This interval is
not as prolonged as that shown in the Palmer Deep,
but it does indicate that opal concentrations in both
East Antarctica and West Antarctica behaved some-
what concurrently during the early Holocene. Whether
this is the result of a similar mechanism remains to be
determined.
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Numerical modeling of the initial growth of the
Antarctic Ice Sheet in the Paleogene using coupled
climate-ice sheet-sediment components is reviewed. In
this approach, a Global Climate Model (GCM) is asyn-
chronously coupled to a dynamical 3-D Antarctic ice
sheet-sediment model, to test the sensitivity of the cou-
pled system to evolving Cenozoic boundary conditions,
including paleogeography, atmospheric carbon dioxide,
changing orbital parameters, and changes in ocean heat
transport. The asynchronous coupling scheme enables
long (millions of years) integrations, simulating ice
sheet inception around the Eocene-Oligocene bound-
ary, and subsequent ice sheet variability over orbital
timescales. It is found that declining Cenozoic atmo-
spheric carbon dioxide and relatively high frequency or-
bital forcing trigger ice-sheet height-mass balance feed-
backs that produce a sudden transition, from relatively
small land-based ice caps localized on high topography,
to a single large East Antarctic ice sheet comparable to
today, similar to observed events around the Eocene-
Oligocene boundary. Changes in ocean heat transport,
like those assumed to have occurred in response to the
opening of Southern Ocean gateways (Tasmanian and
Drake Passages) are shown to have a smaller effect than
previously expected. The consequences of hysteresis
due to the height-mass balance feedback, the relation to
albedo feedback and the stability of the East Antarctic
Ice Sheet are discussed. Predicted spatial and tempo-
ral patterns of coastal sediment discharge are compared
with observed distributions and core records of offshore
Cenozoic sedimentary deposits.
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A deepwater passageway between Australia and
East Antarctica is considered important to the devel-
opment of the Cenozoic Antarctic icesheet. Identifi-
cation of magnetic anomalies formed at the Australia-
Antarctic ridge makes relative motion of the two con-
tinental masses with respect to one another, easy to
reconstruct. Unfortunately, exact knowledge of the ex-
tent of the true continental margin of East Antarctica
is not known. An excellent match of the continental
shelf break of East Antarctica with its conjugate sec-
tion of the southern Australian margin from 124◦E to
133◦E produces an unacceptable overlap of the con-
tinental margin of the Coates coast region of Antarc-
tica with the Kangaroo Island section of the southern
Australian margin. If the unacceptable overlap is as-
sumed to have originated as post-breakup deposition
of glacially-derived sediments deposited on older ocean
crust off the outflow region of the Wilkes Land Basin,
then the time of the development of a deep seaway
between Australia and East Antarctica pre-dates the
Eocene-Oligocene boundary (33.5 Ma) by perhaps as
much as 7 to 8 million years. Another seaway between
Tasmania and the South Tasman Rise may be even
older but would not necessarily have been initially the
medium depth seaway that it is presently. The South
Tasman Rise would have been over a fixed Balleny Is-
lands hotspot during much of the Eocene, resulting in

uplift. It passed over the active hotspot and was no
longer above it by about 35 Ma which may have re-
sulted in the rapid subsidence seen in the ODP 189
holes at the Eocene-Oligocene boundary. Only if the
assumed, continental margin off the Wilkes Land Basin
is older than Oligocene and the South Tasman Sad-
dle was above 1000 meters during the Eocene would
the opening of a seaway between Australia and East
Antarctica have been established as late as 33.5 Ma or
at the Eocene-Oligocene boundary.
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Sea-level amplitudes and ice-volume changes were
determined for the Oligocene at the obliquity and ec-
centricity time scales (41 and ∼ 400 ky) using high-
resolution deep-sea oxygen isotope records and sea level
to oxygen isotope calibrations established for Southern
Ocean ODP Site 689, South Atlantic DSDP Site 522
and western tropical Atlantic ODP Site 929. Ampli-
tudes of apparent sea-level (ASL, defined as eustasy
plus the effects of water loading on the crust) for the
upper Oligocene at the ∼ 400 ky time scale range be-
tween 25 and 30 m, and at the obliquity time scale,
between 10 and 20 m. High frequency ASL changes for
the lower and “mid”-Oligocene are less certain because
the resolution of the records from Sites 522 and 689 is
lower. At the 400 ky time scale, available evidence at
these sites suggests that ASL varied by as much as ∼
35 m. At the obliquity time scale, sufficient resolution
is available only at Site 522, where ASL changes are
estimated as between 15 and 20 m. Estimates of equiv-
alent ice-volume changes in Antarctica at the million-
year time scale suggest expansion to near the present-
day volumes, collapsing in some cases to less than 15%
of today’s value. At the 400 ky time scale, ice volume
varied by up to ∼ 50% of the present-day figure. At
the obliquity time scale, it ranged from ∼ 25 to 35% of
the contemporary volume. These estimates of ice vol-
ume and ASL changes were obtained by applying previ-
ously developed oxygen isotope to sea-level calibrations
(Pekar et al., 2002) to the isotopic records. Correla-
tion is good to excellent (r2 = 0.726-0.960), suggesting
that although benthic foraminiferal records are known
to include a bottom-water temperature signal, temper-
ature changes generally vary linearly with changes in
ice volume. A minimum calibration for the Oligocene
of 0.13o/oo per 10 m ASL change (r2 = 0.726) was
determined from Site 689. This calibration may con-
tain a small temperature signal, which would result in
a calibration of 0.10 o/oo per 10 m ASL change. An
oxygen isotope to ASL calibration of 0.32o/oo per 10 m
ASL was determined for oxygen isotope event Mi1 (23.8
Ma) at Site 929. A calibration of 0.22o/oo per 10 m
ASL (r2 = 0.960) was obtained for the lower Oligocene
at Site 522, spanning oxygen isotope events Oi1 (33.5
Ma), Oi1a (32.8 Ma), and Oi1b (31.7 Ma).
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We compare the results of geomorphological anal-
ysis of a 260-km sector of the Transantarctic Moun-
tains in southern Victoria Land with offshore records of
sedimentation in adjacent offshore cores (Cape Roberts
and CIROS-1) and seismic results from wider areas of
the Ross Sea shelf. Interpretation of the independent
records shows good agreement and allows the follow-
ing synthesis of the climatic evolution of this part of
Antarctica. Denudation since rifting at ∼ 55 Ma has


